ISSN20299303
ISSN27836215

Lietuvos
inzinerijos
kolegija

L

LIETUVOS | NGI N E RKOLEGEA HIGHER EDUCATION
INSTITUTION

| NGI NERIREASKACI REEBNOLOGIJOS i
Mo ksl ini Qusrtnraaiapssni O

ENGINEERING AND EDUCATIONAL TECHNOLOGIES

2026 m. Nr.1



REDKOLEGI JA / EDI TORI AL TEAM

Vyriausioji rie@hektora/Editor

Doc. Dr. Lina Gir Lietuvos inginerijos kol egija
Education Institution (Lietuva/Lithuania)

Vyriausiojo redaktoriaus pavaduotoja/ Deputy Editor-in-Chief

Doc. Dr. Esmerald Lietuvos inginerijos kol egija
Education Institution (Lietuva/Lithuania)

Redaktori ©O© kol egij &dpaoal amok lam bryy ptciienti fic f
Il nginerijos moksl O kryptis/ Field of Engineer

Grupas Graupeadar/

Doc. dr . Rosita NLietuvos inginerijos kol egija

Education Institution (Lietuva/Lithuania)
Nariai / Members:

Doc. dr . Rai monda Li etuvos inginerijos kol egi j a
Education Institution (Lietuva/Lithuania)

Prof . Danut & Vai | Kauno technologijos universitetasKkaunas University of technolog
(Lietuva/Lithuania)

Dr . Rasa Gygiena Lietuvos inginerijos kol egija
Education Institution (Lietuva/Lithuania)

Doc. Dr. Daniele Fiaschi Florencijos universitetas | University of Florence (Italija/Itely)
Prof. Dr. Wojciech Sas Var guvos gamtos moksl O univer
Sciences (Lenkija/Poland)

Doc. Dr. Yuriy Biks, Vinnytsia Ukrainos nacionalinis technikos Universitetas | National Techr
University (Ukraina/ Ukraine)

Doc. Dr. Ali Can Karabuk universitetas | Karabuk University (Turkija/Turkey)

Prof. Dr. Roy Knechtel Gmal kaldeno taikomOjO moksl O

Sciences Schmalkalden (Vokietija/Germany}

Prof. Dr. Liviu Marius Cirtina Konstatntino Brankugi Univers
University of Targu Jiu (Rumunija/Romania)
Aplinkos inginerijos moksl O kryptis/ Field of
Grupas Graupeadéar/

Doc. dr. Vilda Gr Lietuvos inginerijos kol egija
Education Institution (Lietuva/Lithuania)
Nariai / Members:

Dr. Vaidotas Lygis Lietuvos inginerijos kol egija
Education Institution (Lietuva/Lithuania]

Prof. Dr. Roman Rolbiecki Gamt os moksl ® universitetas B
Science and Technology (Lenkija/Poland)

Prof. Dr. Givi Gavardashvili Gruzijos technikos Universitetas | Mirtskhulava Water Manager
Institute of Georgian Technical University (Sakartvelas/Geor

Prof. Dr. Ulas Senyigit | spartos gamtos moksl O univer
sciences (Turkija/Turkey)


https://orcid.org/0000-0002-7616-6598
https://orcid.org/0000-0002-7616-6598
https://orcid.org/0000-0001-8176-4413
https://orcid.org/0000-0002-9704-3191
https://orcid.org/0000-0002-5488-3297
https://orcid.org/0000-0002-5775-2014
https://orcid.org/0000-0002-2272-6924
https://orcid.org/0000-0002-2272-6924
https://orcid.org/0000-0002-7319-3312
https://orcid.org/0000-0002-7319-3312
https://orcid.org/0000-0001-5121-2052
https://orcid.org/0000-0001-5121-2052
https://orcid.org/0000-0001-6230-4227
https://orcid.org/0000-0001-6230-4227
https://orcid.org/0000-0001-5289-3830
https://orcid.org/0000-0002-4864-0790

Doc. Dr. Inga Grinfelde

Doc. Dr. Soleiman Mohammadi Limaei

Barbara Baesso Moura

Assoc. ProfDr. Krystyna Kurowska

Prof. Dr. Marija HadziNikolova

Socialini

O ir

Grupas Graupeadér/

Doc. dr .

Nariai / Members:

Doc. dr .

e

Dal i a Pe

Giedr e

Doc. dr. leva Zemite

A

Prof.dr. Ana Nikodinovska Krstevska

Prof. dr. Ahmet Atalay

Prof. dr.Larbi Safaa
Prof. dr.Antonio Silva Sanchez

Prof. Maria Potes Barbas

Latvijos gamtos moksl O ir tech
of Life Sciences and Technologies (Latvija/Latvia)

Vidurio Gvedi | o|s MidU Swedea r $niversity
(GvedijabSwerdieh)

Geméds Ekosi st e mfRedearahinstiDte onnTertestri
Ecosystems (Italija/ltaly}

Varmijos ir Mazlirijos wuniversi
in Olsztyn (Lenkija/Poland)
Goce Del |l evo | Go¢ & e rDseil tceetvas Uni

makedonija/North Macedonia)

d u kFa ceil di @ fmoSkoscli G | k raynpdt iEsd/uc at i

Lietuvos inginerijos kol egija
Education Institution (Lietuva/Lithuania)

Lietuvos inginerijos kol egij a
Education Institution (Lietuva/Lithuania)
Latvijos kultiros akad e batvijahatvid

Goce Del cev Uni versitetas |
Makedonija / North Macedonia)

Ardahano universitetas | Ardahan University (Turkija/Turkey)

Cadi Ayyad Universitetas | Cadi Ayyad University (Marokas /Moroc

Ekstramadliros universitetas
(Ispanija/Spain)

Santarem politechnikos institutas | Polytechnic Institute of Santi
(Portugalija/Portugal)

MoksliniO strAipgnnédrignudrsnal as Edukaci m38B0D3}) ec
| ei dgi amas Lietuvos inginerijos kolegijos nuo 2C¢C
urnald@x Copernicusdudomem@lBaamfmster Li st

Redaktori O kol egija sudaryta siekiant ugtikri.
ir tarptautinDZ mat omumN.

Gurnalas |l eidgiamas 2 kartus per metus.

Redakcijos adresas: Editorial address:

Vg] Lietuvos i ngi ner Lietuvos Inzinerijos Kolegija Higher Education Institution
Tvirtovass0wmbKaunas5, LT Tvirtovas50a56Kauras, LT

Tel./faks. (8 37 308620)/( 8 37 333120) Phone./fax. (+370 37 308620)/( +370 37 333120)

El. p.redaktorius@lik.tech E-mail. redaktorius@lik.tech

http://www.lik.tech http:// www.lik.tech

Visos leidinio leidybos teisads saugomos. Gis | ei
ar kitaip platinami be |l eidajo sutikimo.

All rights of the publication are reserved. No reproduction, copy or transmission of this publication may

be made

Wi

t hout

publi sherds permission.

©OLi et uvos koleggpj 20B5 i j os

ISSN 20299303
ISSN 27836215


https://orcid.org/0000-0002-3220-1777
https://orcid.org/0000-0002-3220-1777
https://orcid.org/0000-0001-6379-6120
https://orcid.org/0000-0002-1517-7402
https://orcid.org/0000-0003-1961-3838
https://orcid.org/0000-0003-4431-8603
https://orcid.org/0000-0003-1617-100X
https://orcid.org/0000-0003-0263-1677
https://orcid.org/0000-0001-8598-1650
https://journals.indexcopernicus.com/search/form?search=In%C5%BEinerin%C4%97s%20ir%20edukacin%C4%97s%20technologijos
mailto:redaktorius@lik.tech
mailto:redaktorius@lik.tech
http://www.lik.tech/
http://www.lik.tech/

REDAKTORGADSS

Ger bi ami skaitytojai ir kol egos,

Mokslinio stranlgpsnrelr@nzgsjrmal oediikacinas techno

pristatydama Jums 2026 met O plrmNJ DZ numer DZ dgi
struktiros mokslini O pabilgkaaliij®s |teydimys,ipriai
inginerijos, inginerijos moksl O bei socialini©O i

Aplinkos ingiTgyeiimpos akskjpeitsda kakaada kr sparta
ei kvoji nepsoreNIkyg pjer ei t i prie magali anglies diok
pastab@t &dreini o el ektros oeenleerkgtirjooss skuavuapritkdjiiomot aki
Nuotoliniais tyrimo metodais sudarytO erdvini O d
topografini QUAS afnoG orgernagmentiurii j os metodas | ai kytin
erdvinas padaAnali znueot faanrty mamjso, s psaissttecond i @ 4 v kjaidma
nepakankama prlegllra | emi a vis dagni au pasit
eksploatuojamO statiniO gel gbetonines konstrukeci

Vi suomeninio transporto sistemO efektyvumas i
sprendi mO, vairuotoj O el Geckhlekeyvus Ot rtaamspposratvd o
rei kalauja integruoto pogilrlo, jungian|io tecl
duomenimis grbDatN model i avi mN.

I nginerijos VmekabOphkhgypndsni O i ggl ki O, su kur
orl avai dspnitlyost ai ,ppeaer agtedraijdimas skri st n e ntacuddol]
papil doma piloto kamera gal. ugti krinti tiek nen
operatoriui sekti skrydgio margrutN irAdalatylvbD;j
technologijO, skirtO bepiloliO orlaiviO nagumui
| abi ausi ai prisidedantis prie nagumo gerinimo i
vei ksmi ngas &rutrd sanli e pmialugloisusk or |l ai vi us.

Optimi zldPasrMaivio variklio komponent O medgi
met odas Dfalino susietd.i Dz paudi mo skersmeniNs su

nustijtsytviienti sumN, apd ¢ ekit b epreukss P& 0 a t asqmrreantLdIsmeO( ami
aviacijos komponent Bupambhi I\BlpoyErpuaqakaIleQnesnutgpnalusd| m

tyrimas, siekiant DXZertinti jO standumN daplnt@vo:
Dai pgfiodaet kiard snantykinai nedi del i spyruokli O st
pasiskirstymN galindje agyje, o tai gal i nei gi a
komf oxdtIN. mechani ni avismoiplrgianeomg i fgkrumimo i r ekonomi
austenito stabilumas Dfalina padidinti stiprumN
pluogto armavi mas gymi ai padidina patvapdmNbi ma

sudatiinrguanplfoi boj a gal i mybid praktiniam pritaikymi
pasiamitenkgimrgajsekt uojant patvarius minkgtus robot
Socialini O ir edukNelpoagiisnainG moekcsh no Ikorgyipntdiss.pa g a

i glieka kritiniu sistemos el ementu, ‘Rmdzilektbyh\klha
saugos val dy mas rei kal auj a integruoto pogilric
psichofiziologin@avabakbiggk mmlkdrtsiesnls api e kompi

mi kroprocesori Geifmh&ictgiDebinsmNuykci ni us n sytprautkucmujsO
adresuojamos atminties dydDZ duomenmasmalgiysttar ad i3
api mantis proj gkt avibmo Mhielsasdi aj abgepi@ll i ablat i r s knior
ugduotis student ams.

Ti ki mas, kad DX airiapusi gkai pristatomi tyr

publi kacijomis, dakojame straipsni O autoriams ir

Su pagar ba,
vyriausioji redaktora dr.ina Girdauski
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SUSTAI NABI'LI'TY AND ENERGY EFFCACDEENTEGRAREGDGH F
PHOTOVOLTAI C SYSTEMS

Esmer@iyms, Vilda Grybauskiena
Lietuvos I nzHngheéij oEdKoatigonal nstituti

Abstract
Climate change and the accelerating depletion of natural resources highlight the need to transition teward low

carbon and energgfficient buildings. Photovoltaic (PV) technologies play a central role in this shift, particularly in
urban environments wheteuilding-integrated solutions can significantly reduce dependence on grid electricity. A
structured methodology was developed based on publicly available solar resource datasetsspaifiognalysis,

PV system configuration, and performance modgllusing PVGIS. Although initial amortization limits financial
benefits during the first years, the overall payback period is estimaté8 geérs, confirming the viability of fagade
integrated PV as a sustainable solution for public sector buildings.
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Key wd&haodsovoltaic (PV) technol ogi es;anmRlr tsiyzsd.teino rc oln

I ntroducti on

I n Europe, significant progress has been achi
rgely driven by the continuously evolving regu
cuments: including tdhen gEn eDri g ye [cHadirdf eotrpnEaPnBcBen eowf a bBl

rectivel[ 2(]REDi n&) t hat new and renovatednebgil d
rf ormance bsyi tientreegnreataibnlge oenner gy sources|[ ajnd i

ese measures are cruci al as the building sec
nsumption and 36% of [CGQ Lietnh wasnioan sf oMiltohwsn tthhee
igning its national pnoel uitcriaelsi twyi tgho allosn.g t er m EL
Over the past decades, photovoltagrcowP¥W}) tenbhr
ergy sources globally. I'ts expansion is drivel
sts, and continuous einnMp8loemenes, i nhenopdel £orimh
rongly depends on | ocal conditions sol ar irr
ghlighting the need for detail ed 5r,esbojurce and
The operation of PV modules is based on the pbt
crystalline silicon cell s, [tilet emmirggs btamal gk
guired to generate charge carriers. Temper at ul
dul e temperature increases, vo][]8agPresconeasessy
so emphasized the iIimportance of irradiance, S
teractionwodedesmsthdrdlfMatiavnoper for mance model
ediction of system output and support [olplt]i mi z a

The aim of this resear chi ntsedgroatded i gmmo tammwo letvaai

vering a significant share of an institutionese
nditions.

Al though no specific energy savings target is
ailable solar energy to reduce electricity <co

mul ati on of the systdemwhli EQO ad ¢ fowsarferwielvial e
oduction of a photovoltaic system. Additional/l
d without the photovoltaic system is spglaammed It
d efficiency.

terials and met hods

Ma

Photovoltaic technology forms the foundati on
nl i ght into electricity through the photovol't
nlight strike a semi coanudsuicntgo rt hnea tneorvieanhe n(tu soufa | ell
electric current. This direct current (DC) <ca
ed to power el ectrical devices or be fed into
The met hodol ogy for desi-igmtienggr aatnedd epvhad tucavt a Intga
ructured into four stages: (1) sol ar resourc
nfiguration, (3) performawee amaldegsi sngvi thhndn:
nsumpti on. This structure ensures transparenc

gineering practice.



Sol ar resource assessment. The-tkirmssostageot e

installation site in Kaunas, Lithuani a. Sol ar
Photovoltaic Geographical WwWhifohmptboehd&ysvami &
values of gl obal horizont al irradiation (GHI ), (
confirm the stability of i r rcahdeicaknecde apgaatitnesrtn sr,e gH
from CAMS and the European Environment Agency, W
5, 6]. These datasets ensure that the modelling
i nput s
Maximum Power
Amps Point (MPP) Power
Short Circuit A Imn -V Curve B < pm,\‘
Current (Isc) —» v i
o R A «+—(P = VxI)
2 < | =
= P-V Curve l 3
& 5
|
3 | o
< Area = Vmp X Imp ,
\/f‘l'\A\L
0 Voltage (V) Vmp T Voits
Open Circuit
Voltage (Voc)
Fi.yKey Parameters of a Photovoltaic Moo
Sour cd:
The shap¥ ofirtv#e(Wangi es according to solar i

irradiation shifts the curve toward a higher cu
vol tage.

Facade assessment and system configuration. TI
to identify technically suitabl e airnetaesg rfaotre dp hPoM o
a specific fiotmgoiat PW) P¥Y¥THE assessment consi der
surface di mensions, structur al constraints, and
PVGI'S horizon profiles and verified throuwgh g e
reproducibility based solely on publicly availab

Based on the available facade area and expect
selected due to their hitgehr eeaf friadctiieomclyl®,ndlAJa.v oM
includlng nomi nal power ,cierdtrieci ea&en ahdomheuims
manufacturer datasheets. I nverter selection fol
with-eEdriaciency above 96% [5, 6].

Performance modelling. The third stage esti ma

ation results were derived from the PVGIS p

si mul

irradiance transpositioesesc¢celel et & mtpeeranh t diaogsrsaedsapttai
| ECO software was used only iMs( Ri gswrpep |l ) meandr ¢\
sensi

itivity

The presence of shadows or nearby buildings ¢
shaded modules generate | ess current, impacting
in series.

Standardi zed | oss factors were applied in |in
These included5%nyvet¢emmee habtedird®R % d e siBlolVi nogi 6§ hat c
2%), cable | osses (~2&)eaanafl @n5%nh8h! Tdkhkgsadaalo
conditions for PV systems in European climates |



For aifadfndkd all ati on, |l i ke the Lietuvos inzin
Kaunas2)(,Fifg xed structures are often the best op!
setup.

\ T
e

Fi gPanrel installation on the roof of Lietuvos
Source: created by authors

Comparative energy analysis. The final stage
representative |l oad profiles of-simnhegtimeuteird mal db
consumption trends werfer amecbohbwrsd srtuactt,e dt hues i Lnigt hduaa ma
ENTSEO Transparency Platform, which provide elect
size [11]. This compar i s onc oensaubnhpetdi otniudr fad | &0k o tsget
reduction in grid electricity demand and avoided
of open environment al dataset s, publicly avail a
ensures full t rnadnesmpta rreenpcryo dancdi hiinldietpye of t he met h

Resul ts

The perfor manicet edr a&thed fmh atdev ol
sol ar resource-bédhattasasti snudmadi BPWGSGL. SThe PVGI S SARAL
Kaunas receives approximaheryzantdbD kWhadt] Ayean,
system performance modelling [ 4, 5, 6] . Un-der t
mounted system is pri@Q9edt0&®d ktWwlhh g@eme ryaetae , 5 6,e80®kMN
variability.

The monthly distribution of electricity gener

taic (PRWrnmys

resources, with output peaking during | ate spri
mont hs. Table 1 summiacisgsgéherambdehl| £Edr eéach mo
of annual producti on.
Tabl e 1
Mont hly energy generation and monthly sh
1 2 3 4 5 6 7 8 9 10| 11] 12
Energy generat/ 115 175430601750 805 782660510 320180930
Monthly share | 2,713,4d7,9411,/13,]14,]14,]212,]9,45,943,71,1

10
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Fi.gPV energy generation (kWwh)MamtdhIsyh aebee My adintuf
share of annual production.
Source: created by authors

Figure 3 provides a combined representation of
production. This visualization highlights the coc
as the substantiall erl pwei odyt consdwositiemg twheée hwit
in the region [ 12, 13] .

Based on the modelIed-imnreLgarIatgeednesryasttiemn,c'fatnhesui
42% of the expected annual el ectricity demand o1
Using EEA emission faotoespotiieg. aon@ds 8pfodvuaitde
reflecting the environment al benefit of replacin

Photovoltaic systems use different types of p
eir cells. Choosing the right type of panel
f iency, dur aphaiclti ttyhe amwercadslt ,s ywshtiecnh piem f
nce of a photovoltaic system depend not
e used to mount the el s Eamnhd tly prd taoaft
uld be considered ba on the specific
ructures are often t best option due t
panmdndgrmpyestal l ine silico modul es are recomn
d energy generation in a |Iimited area.
Overall, the resutitnst ecgoarmaftierdm PtVh asty stt heem fpa coavd ed €
buil ding electricity supply under Lithuanian
om validated irradéanE’VGldﬁtmedetallanngl gt aaeadud
sults confmorumttellatP Vf ascyasdteems can provide mean
erational benefits even in regions with moder a
The system maintains reliable performance <ch
rabIe interactiodmdwewimomsitmati ngti omsalsuli dadi/p

pan
sed

he
n
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-

c

O = —h
T ® — O

8]
S <

Di scussions
The results of this st-udtedgreantoendst pladoteowdlattait

achieve stable and regionally consistent perfor.
annual el ectriciiby, d&0e rsdftho nodds r oviee HSIE r, wdi OtOhr r laa@m g n ¢ «
derived from PVGI S and other wvalidated European
selected modelling approach is suitable for as:
seasiomraddi ance variations heavily influence annu

The seasonal di stribution of electricity pro
ronounced generation peak during | ate spring an
his pattern is consibwutté mntn wintclortploe ait edad ina rPves |
hroughbdaoed zomadi ng analyses [ 12, 13]. Althougl
educed sol ar altitude and shorter dayl efgfhe c tdiuvw

= ~+ 40T
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D C
< ~

on of diffuse irradiance during transi:
g vertical FI' PV surfaces in similar ten
plied symsomreomcrcyontfalgluirme i ®inl i coef Mbduémps
i buted to achieving yieldmdtwewvtdd 3wy gthem
ed in perfor manwelembddl|l | i ngeritec|l udbnp
rrespond to internationally recognised
he reliability of the esnoiumBY¥Yesy peemsr
rform comparably to convequalointay comngeomprisitysd
rfaces are used.
he comparison between PV generation and typi
ngs shows that the ®4y2% eoni caannn usad p pdleymaanpdp r[
e f-iomt eagrfad ealdesy stteimpnsasofdeah fiamet asilplaat i a
utional Dbuildings primarily operate during
c esnistueme dr eoduci ng t he need for sto
enhances the practi-sattwoal iacdfi F
The estimated avoii2i®d2 etmirsrseadnef ofCO 2 8r y e
nvironment al benefits of integrating FI i nto
mi ssion factors provided byt hdhee Ene dpetaino res1 vd & ra
f mesdd aulme FI PV systems to meaningfully contri b
ystem relies on publicly accessible irradiance
adlait ed model |l ing tool s, t he environment al and
ndependently verified and replicated.
The installation of a photovoltaic system in
environment al and urban benefits, along with cer
1. Environment al Benefits: CO Emi ssion Reduc
the photovoltaic system significantly reduces th
system could reduce adrloyyundsudmpotradnsngoft heO EUDI N 5al

C dDcCc O D S
(7]
(7]
()
(7]

nwo n — ——

rmganda ol
P¥.syst
p
Y,

o0 TS T
® 99 5 O C
o —+ — —

r
I
7
P

- < WO

Conservation and Pollution Reducti on: Sol ar ener
pollution, thereby improving urban gqualSiutsy aofnalbil
Awar eness: I ntegrating solar technology in a vi
culture of sustainability and raises community a

2. Community and Urban Environment | mpact:

Energy Resgdnemateed Sendrgy reduces dependency
resilience during periods of high demand or pric

3. Legal and Regul atory Barriers in Kaunas: I
Kaunas, a permit is required to install photovo
safety and visual i mparcdas ;es®afcdatay | and n Efpfriodiee
regul ations mandate that photovoltaic systems me
environment al conditions such as high winsdsandri i
tax credits for renewabl e energy, which coul d }
feasibility.

Overall, the discussdginareghagbatdi Pt sr etprats e h as ¢
environmentally advantageous and operationally ¢
The systembs performanaeédi drsces udpptoa, edalbiyd artoebdu srt
configuration optimized for | imited fa-ade area.
BI'PY technol ogies across Europe -hadedsumpepme wa bflue
itnegration in public infrastructure.

Concl usi ons

The f-iarctaedggr ated photovoltaic system demonstra
climatic conditions.

Seasonal variability in solar resources resul
mai ntains stable performance during spring and a
systembs strong al i grmegntl owidt Ip riorf-é t nessu tnpetsiudiit sb & tr
75 %, enabling the PV installation to <cover apr
significantly reduces dependence on grid efl ect
i ncr easiithngg romnewabl e energy generation.
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PV installation on the fi29adenaeeablods CtOh e ean
contributing tloevmedt idencadr baomd sBWi on objectives
benefits defined in the research tasks.

Economi cal | yj8ytehaer epsatyibmaactke dpebr i od confirms f av
findings s hiomt etghraatt efda-PaMleof fers a vi abeéet amdbwsiuls
especially where r oedt wrpalcecdrmsstlrianintesdd exi @atr.chi t

Photovoltaic systems are continually developing and improving, the only counter point is that a big
amount of resources (in this case sun irradiation) are needed, and not all locations are good to carry out the
installation.
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TVARUMAS I R ENERGI JOS VARTOJI MO EFEKTYVUMAS TAI KANT
FOTOVOLTI NES SI STEMAS

Santrauka

KIl'i mato kaita ir spartédjantis gamtos igtekli O eikvoj
igskirianli O ir energijN taupanl|li ® pastatO. Fotovolti
ypal mireksd joe ,apkur DZ pastatus integruoti sprendi mai g a
energijos. Remi antis viegai prieinamais saul as igtek
konfiglracija ir nafjjamb RYGEB| awiumw rmakdrta struktl
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ENERGI JOS KAUPI MO SI STEMOS TAI KYMAS ELEKTROS EW
OPTI MI ZUOT I

Arnas Kapol|lius, Nerijus Paul auskas
Vil nius Tech

Anotacij a

Straipsnyje nagrinajamas baterinio el ektros ener (
optimizuoti. Sukurtas saulads jagainas ir baterinio ka
Dgyvendi npracg Pamawn mo kal ba, o optimizavi mo ugdayv
skaili O tiesinio programavi mo ( MI LP) met odN.
maksi mi zuojamas kainO arbitrago peVamrmtsojiirmassa.ul At
metini O rezultatO® analizad ir vertinama baterijo
ekonomini naudN rei kgmingiausi ai |l emi a baterijos

Rei kgmi ni:that godgi siel ektros energijos kaupikIlis, m
daugiakritera tikslo funkcija

jvadas

Fotovoltinas (PV) ir vajo jagainas yra vienos

Europos SNjungos (ES) galyse. Naujausi O tAyrimO d
el ektros energijos buvwo imgadag&kmi Ot aiigg katrs iOn s wjuil raa
gamybos dal DZ (Eurostat, 2026). Vis dalto ig 202

mat o ma, kad t ai buvo pirmasis manuo ES ibBuwoijc
pagrindinis elektros energijos galtinis (Eurost e
suprojektuotos prisitaikyt:i prie dideli®O tinklo
el ektrinéds. ePmesrtairjices igeallteikrtiramis yra nepastovlis d:
gamybos ir suvartojimo santykDZtinkle sunku pro
stabilizuojantis elementas, ((ptaviyz&) ui Pr &Kk teikka o
energijos kaupimo sistemos integravimas yra ger
ugti krinti galios perdavimo pastovumN. Sprendi m
kaupi moj siist emseant didesniam galios poreikiui i
energijos kiekDzZ atgal DzZ tinkI N (Rey ir kt., 2¢
sugeneruot os energijos ki ekaui Remiaampt ipsat s taautgias t
prognozuoj ama, kad EEK paklausa ES i&d0 2®\S 0D4hied c
galios (European Commission, s.a.).

Europos SNjungoj e i ndustrijos sektorius i gl
besi keilianti energetikos rinka skatina igtirti,
bei pasillos nestabimauniN.dgElaalksti rNosd ad m&r(g3a 3 a%)u gk
energeti kos produkt O, todal aukgta elektros ka
tendencija matoma | yginant statistinius duomeni
Kinija), kuriO vidutinds iR@24omei adsisbuvpod5yv8orrt
2025a; I EA, 2025 At sigvelgiant DZelektros ener
porei kDZ suval dyt msi nvlalrd ort eog taansi Isu rhd ©,mat oleimg i s |

25)

ytoi
kaupi kl i O siiBEtEKB)s t(etchlniodwgi j O kombinacija. Atli
sistema gal.i b1t panaudoj ama spr eredkdgioarntaupa klaau

(Heffron ir kt., 2020). Taip pat, priklausomai n
el ektros energijos suvartojimo kagtus. Europoj e
siekiant @rebintor akgaoi nOr i nci pu yra pelningas 23 ¢
pelningumN pirmauja Rumunij a, Latvij a, Lietuva i
|l spanijoje atlikto tyri mo nraeuzduoljtiamauss PgVa |giamma ntaenil g
ne visada yra pelningas ir priklauso nuo galyje
Camarero ir kt., 2023). 1 g pateiktO tyrimOarsezul
sprendi mas. Taigi, ¢giame darbe tiriamas baterini
sumagi nti el ektros energijos suvartojimo kagtus.

Tyr i mo Jobbgteekrtiansi o el ektros energijos kaupi kI io

Tyrimoisukstts baterinio energijos kaupikIlio
baterinio kaupi klio sistemoj e, atl i kti metini O r
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BEEKS optimizavimo model i s
Tyrlme nagrinaj amas matematinis modelis, skir
ki mN sistemoje, kuriN sudaro saul s jagaina,
komas kit odsagldé) @ dplsan(@aarigrno. ugdavini ui , k ai gi
eracijos, elektros energijos suvartojs$umoasdtri
i mal O baterinio kaupi klio DXrovimo i re riggikjroosv
artojimo kagtus, atsigvelgiant DZDZesties duo
Eksperi mentams naudojamas DXZesties duomenO ri
ergijos suvartojimo profilDZir vidutinio paja
etuvoje, todal el ektrosd kRo ml0O diumwkne 1 y 3 caphtedalad K |
prices, s.a.).
Tyrime nagrinajama sistema apima saulas | a
energijos kaupi k!l Dz Baterijos DXrovi mo ir i gk
energijos suvartojimo poirevikswos s$iosdtaémasodled mpor
Optimizavimo modelis sudaro kitos dienos gali os
siekiant sumagi nti sistemos elektros energijos
survtaojlmo porei kis padengi amas naudojant PV gene
ir kt., 2025).

n o +<
CT O D

- @
-5

ga
r c

Optimi zavi mo model i s api bragi amas fi ksuot ame
duomenys l ai komi apibragtais. Sudar ant kitos di
prognozuoj ami ir model yje naudeonaamei |kaaiikpo agpiinbgrsa
suskailiuoja gal i os sraut O sprendi mo ki ntamuos
kintamuosius. Kadangi baterijos Dkrovimo bisena
ir igkrovi mBEEKSeneai mOmot @il ano sudarymo ugdavi ny
Model yje diskretaus | aiko horizontas apibragi ama
minu!iO, O visad Wail laeomdlmeri zont as

oN Y  piefwghwo mir th (1)

| i 4t at ko @¢i ngsindiios kirned eakussa d ,afdiwvo eqiond san ik©® dii ma,s ni

PV generuojama galia gali b1 ti naudoj ama pade:i
DZ t i nkIl N. Model yje taip pat DX ertinama apribot
nustatytN apribojimo bawdN.vilkpkrmev®PyV memeirkicd jma

i mportu i g elektros tinkIl o. Baterija DXraunama i
i gkraunama DZ apkrovN arba eksportui DZ ti gkl Nos M
Ssrautai sumuojami igvestiniuose kintamuosi uose,

| . h R Ay AT

N w w " hi oN "Yh (2)

A" MRl 3)

| i &bpndra baterijb©8beD&kdroavibmot egrailji @S Ed@glkiroosv i smoa wy
PV Dz b&tPgmilji s wraut as® ftgaltiimsk |sor adZthaas efrFg BNh { exs i

srautas i§g baterijos DZtinkI N,

Bendra ig tinklo importuojama galia apskaili.ul
kurios |lygtis nurodoma 4 formulaje, o DzZ el ektr
generacijos ir baterij oss lgyagltiioss nsurraoudtoOnaDZ5t if nokrlniN |
Q ol o"hlon YR (4)

Q o " w"hlovYh (5)

| i d™Mbgendra i mporf*Pbjeancaagakisaporyfugos!la noas gsarlaiuat,a sx
apkr viNg,alxi os srautasfVifgati mlsl or b &tPgiaigji By BZ @i
bater i | s DzZztinkIl N.

Remiantis moksline literatlra, optimizavi mo m
supaprastinta tiesine priklausomybe nuo baterijc
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tal pos degradacijN |l aiko gingsnyje galima apskai
nusidavaji mo koeficiento sandauga (Wankm¢l | er
supaprastinta tiesin&aidgbaitghka | 06 flokWhl dpl pPri ik
© | 6 clxppm onm MRWpoO

6 © B.nf wh (6)

| i asfnausi davajimo kagtai vietwamusigkawajtiomocékh®e fgii
kWh baterijogblteandgprois kwmsindd vy i droa kkmagttearii,j s i gk |

a
Model yje taikoma daugiakritera tikslo funkciija,
pagami ntos energijos suvarstvogriimaai sTki &tsil ma nft sk ci

Ti kslo funkcija apibragia, pagal koki us Krit
i
| is,
pagamintos energijos pertekli O, taip pat DZertin

0 B, 6Q wo B, 6Q wod B, ® "wo b
0 0 pBy O"wWO O By & "wo U B, O wo
A O O 0 h (7)

| i abkdinO arbitgdgael dedamoj donjilatu@i d&damejrida, tJ k:
iel ekt r oSPekkas maar,t wo | inapgaltiva j agidV gadriiabh o j¢1Vito b a
apribotadsRWugadiaadaj emowkawoaliow srautO svori ai

Model i o apribojimai apibragia sistemos galios
vei ki mo | imitus. Tai kant apribojimo taisykIn, m
priskiriama suvartojimus . mBlkdiemdljiosmivse i D& rmavsi mao |
baterijos DXrovos (SOC) ri bomi s, o tinklo | ygme
Model yje taikomi apriboji mai taip pat wugtiikmi na
i gkraunama baterija, nevykt O i mportas ir ekspor
model yje taikoma MILP formuluota, kurioje gali ma

BEEKS optimizavimo modeli o programai sukurti
pasirinkta dal to, kad jos ekosistemoje yra dau
skaitiniams skailiavi mams it IC&/XWPIYt abtiCh | Vv iozt @ & Ni
aplinkoje apragomi optimizavi mo modeli o kintamie
CVXPY ©Dbiblioteka suderi nama su daugel iwu standa
optimizavi mend@d avarsy Hi GHS pr ogr ama.

Sudaryta eksperimentO grup& skirta metinio |a
baterijos darbN kiekvienN metd® dienN, o rezult
konfiglracijo. ksperim@rmcbramiiniSLks,rtuedDZ/reirrtiiLnst|rerru
baterijos technini O parametrO ir rezultatO. Ver
formul a), baterijos ekonomina nauda per panau
nucsdvajimas, igvengti importo kagtai (8 formula)

Y By, 0w " wo

5 M B.ow"wo

) B. 66" "wd (8)

0 Y B 6 6 B 6 h 9)

i axpilRaterijos ekimpiobrattoe rpiajoasmobDek,r oGraivdi@ gvgngt nki o)
agthadtbatRrijos ekdepbmkhaobéwalainag s;rautaste'i'i“g bat
galios srautasf igaltionkl|lor Ddtbas eisdynNgi eV ps mbDZ &p

=~

Tyri me naudoj ami BEEKS D&Zesties duomenys patr
agrindinamis techninamis savybamitsal ptosl psaa,nt Qi
adinama C koeficientikEksiperi meatiunsei ghadbvizmoj gy
l entel aje ir eksperimentuose vadinamos pagal
ksperimentO metu numatytoji pradina baterijos U
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1 lentel.
Tyrime nagrinajamos BEEKS parametr O kol
. Jkrovimo Il gkrovim .
Bateri| Tal pa ( ( kW) ( kW) Ef ektyvy DOD |[C koefi
B1 760 380 380 0,900 0, 09C 0,500
B2 120, 5 50 50 0,920 0, 09¢C 0,415
B3 261, 2 130, 6 130, 6 0,900 0, 09c¢ 0,500
B4 72,3 30 30 0,920 0, 09C 0,415
B5 144,6 30 30 0,920 0, 09¢C 0,207
B6 1410, 7 500 500 0,900 0, 09C 0,354
B7 216, 9 30 30 0,900 0, 9¢ 0,138
B8 200, 7 187,5 187,5 0,900 0, 09¢C 0,934
B9 602, 1 500 500 0,900 0, 09¢C 0,830
B10 1204, ! 1000 1000 0,900 0, 09C 0,830
B11 677 500 500 0,978 1,0C 0,739
B12 1129 1000 1000 0,978 1,0C 0,886
Galtinis: sudaryta autori O remiantis oficialio
BaterijO parametr O DZakos metiniams optimizayv
Eksper i meintbg etkitkysvli aasi DZertinti model i o apskai
baterijos parametrO jautrumo i202bi zm . | Bk skppd rairmpe
1l entel aje nurodytas b eatkerniojm® nlaen fniaguldroasc iljyagsi.n aBr
atsigvel giantibRzZteant ki rBZomodni kninDZnaudN per bater
baterijos ekonominDZnaudingumN nepri k|l aosomdi khu
BEEKS optimizavimo skailiavi mai atl i ekami ki ekyv
galutini ai rezultatai skailiuoj ami sumuoj ant B a
o0 ekonomi nas nauNdorse zpugl rtpaaitaatiplbos| @i enet
Baterijos ekonominé nauda (EUR)
I
«
o -
= [
«
0 4 tikst 8 tlkst 12 tikst. 16t0kst. 20tokst. 24 tOkst. 28tOkst. 32 tlkst. 36t0kst. 40tokst. 44 tOkst. 48tokst. 52tOkst. 56 tOkst. 60 tOkst. 64 tokst
Baterijos ekonominé nauda (EUR)
1 pBRksperimento mbaiteiajoserkbhamana nau

o)

Galtinis: sudaryta autori
Grafi kuose vaizduoj ami ki ekvienos baterijos
di dgi ausios i ki magiausios vertas.
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2 pBksperimento mbaierajoserbbhnamana nauda p
Galtinis: sudaryta autori O

At si gvelgiant DZ baterijos ekonominas naudos

ndr ai sugeneruoja daugiau naudos. Kaip matyt.i
ugiausia metinasbdbomdmiEnmabafaunpdpopaBl2 vertin
udingiausia, kai metina ekonomina nauda per t.
terija B6 yra antra pagal s3ubgde nEu ru)o,t Nt amleit @ un A p
tinami mk®nowaudos rodi k|l DZyra viena ig ¢gemiau
r / k Wh. Kaip matyti i g tyri me nagrinat® konfi
grindjamO, toddl galima paptabdvarbkadsbas ebali
rtinamas santykinis ekonominis naudi ngumas. |
zultatN pasieka&a baterija B7, kai rezultatas b
onosminnmaudos rezul t az4a%, Slu viou rma,g i paaugsa la sme(t3i nas s
rtinimN yra reitingo viduryje, kai rezultatas
At si gvel giant DZtyrime nagrindtO baterijO kon
eficientN turi baterija B12, o magiausi N bater
udos rezultatO raitthDi mgw,) izddalei pigrn mi "arryeiulptr |
i bTti susijns su didesniu santykiniu ekono
irtingiems rezultatO rodikliams t oleila uacpiatoesi km:
rp baterijos parametrO ir rezultatO rodikli O,

Koreliacijos matrica

Spalvos rodo tiesine koreliacijg tarp baterijos parametro (eiluté) ir rezultato (stulpelis) tarp visy lyginamy baterijy. Mélyna - teigiama priklausomybé (didéjant
parametrui, didéja rezultatas), raudona - neigiama priklausomybe (didéjant parametrui, maZéja rezultatas). Reikimeé langelyje yra Pirsono tiesinés koreliacijos

koeficientas nuo -1 iki 1. Reik8més arti nulio reiskia silpna rysj.

Koreliacija
Talpa (kWh) Il,n
Ikrovimo galia (kW) 0.5
E Skrovimo galia (kw) 0.0
E
& 0.5
S Efektyvumas
I—1.0
15krovos gylis
C-koeficientas
ot
Rezultatas
3 pRlksperimento mbaterirajosepatamear O korel.
Galtinis: sudaryta autori O
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Anali zuoj ant koreliacijos matricos rezultatus
tal pos vienetN turi stipriN statistinin tendenci]j
ir igkrovimo galionst ykémtids.ek@inwoi adsejnaudas ir
koeficientas yra 0, 84. Lia galima daryti i gvadN,
k ai baterija gal.i biti greitai DX r aureaxmma ndrusi gHr
kainos svyravimus. Kita vertus, talpos koreliaci
tik 0,27, todéal tai patvirtina igvadN, kad didel
Pagal k oraetlriiaccN j @isd &g ant i talpa siejama su i gv
koeficiento verta yra 0,789, 0O galia ¢giuo atveju
didesnas talpos baterija su avikdutii rkiaaitsu gall iscasuly
yra sumaginti objekto elektros energijos importc
siekia 0,98, o tai rodo, kad talpa yra pagasi ndi
talpos ir galios baterija DZtinkI N gal. i gkrauti
talpa ir igkrovimo galia yra svarbiausi eksport
beveik identigles iekekosmpiond® majamO koreliacij os

Pirsono koreliacijos koeficientO matricoje ma
rygyksoreliacijos koeficientas | ygus 0, 70. Opt i mi
baterijos naudojimo batensywsmBf eKaiyvpatov ibret i nal
koeficientas, siekiantis 0,97. Gis rygys model yj
eksploatuoja intensyviau. Ki ekvi enasmieafiie kntayuwdiNo, s
i gauga bendra energijos pralaida, o kartu su pr a

Api bendrinant Kkoreliacijos matricos rezultatu
vertinamo rodi kIl io. Talpa daro reikgmingiausi N

naudi ngumas jlasi@ulaeafii qirearktl m.us®i erkuioa
ija generuoja geriausi N galutinDZrezul
4 paveikslas) pagal objektyvO ekonomin

Kiekvienas taSkas — viena baterija (spalva atitinka Zyméjima legendoje). Horizontali asis rodo talpa (kWh), o vertikali konomine nauda talpos vienetui

Zyméjimas
= 5 @ Bl

2 ® ® B2

B4
@

@ B5
48 ® @ Bs

@ B8
B10

42 . B11

B12

a per baterijos talpos vieneta (EUR,
L]
@

omine naud

Ekon

Talpa (kwh)

4 phBRksperimento meateraj Orekohbomiai o naudingun
Galtinis: sudaryta autori O

l'g grafiko pavaizduotO rezultatO matyti, ka

ekonominas naudos ir talpos santykDZ Galima teig
optimizavi mo model i uis ekaeikn@vswayr awinrmwsgd.otPr ied gikn
naudi ngumo skal as pus_éje gal i ma matyt. baterijas

nagrinatO baterijO. Gie rezulttaaltpaos psaatavfijrktiienna( & s
rei kgmingi ausias santykinio ekonominio naudingun
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Sezoni §kumo

DZ akos

Eksperi mentDFetritkealtas modelio apskailiuotN
sezoni gkumo DZ akN
nagrinadtas baterijoO
kai nO pasiiés kiarveti ykrsd = .

rezul tatiamz6 rmkslpairk oneart @isu at
konfigDraciajuasai

Bendras pajamy pasiskirstymas pagal ménesj

metiniams optimizavi mo r

Visy baterijy suminis pinigy srautas pagal ménesj, padalintas j tris dalis: iSkrovimo j tinklg pajamos, iSvengti importo kastai, ir

ikrovimo i3 tinklo kastai (rodomi neigiami). Suma per ménesj atitinka bendras pajamas prie§ nusidévéjima.

60 takst.

50 tikst

40 takst

Pinigy srautas (EUR)

-10 takst.

20 takst.

o> I\ o>
%" o %l
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«p"f’

o o
-@’fﬁn B ,Lg'fya

30 takst.

20 tikst.

10 takst, I
0

1
m@’ﬁﬂ

» A0 A A
0% % 75)«;3 P

®
IL(),B A
° ® gl

Ménuo

W I5krovosj tinklg pajamos M |Svengti importo kastai M Jkrovimo iS tinklo kastai

5 phBksperi mento
Galtinis: sudaryta autori O

Elektros kainy pasiskirstymas

metumhnaairpezol g®t af aut ai

Ménesinis elektros kainy pasiskirstymas: Q1-Q3 kvartiliy diapazonas ir iSskirtys.

12

11

1

0.9

0.8

0.7

0.6

0.5

Kaina (EUR/kWh)

PR
gi
-

-0.1

oo

(<]

6 pRlvektros
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nes kainO skirtumai yra pakankamai di del i Ki tkead
vertus, birgelio ir |liepos manesiais ugfiksuot os
pavei ksl e pateikiamas kainO pasiskirstymo graf.i
svyravimas, o0 galsupijiuedgien@®as aekekmas omBi dgi ausi

|l apkrilio ir kovobinmagelsiicaiisr, loi empaays amdsriesi ai s .
Suminiai baterijy energijos srautai

Visy baterijy suminis energijos srautas pagal ménesj padalintas j dalis pagal energijos kryptj. Baterijos jkrovimas grafike yra
teigiama reikSme, o iSkrovimas - neigiama
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£ 10000
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2 50.00
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g 0.00
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2 _sp00
]

-100.00

-150.00

-200.00

g o 0 A9 A A
qa fﬂ& aSﬁ ﬂﬂﬁ fﬂb «@ﬁ fﬂﬁ lﬁb 195 fﬂ& 1&5 ﬂﬂﬁ
Ménuo
Srautas

MW Baterija > tinklas (ikrovi... W Baterija > suvartojimas (i... B PV > baterija (jkrovimas) B Tinklas - baterija (jk

7 phBksperimento meumhhaairbaubtatéienergij
Galtinis: sudaryta autori O

Sumini © baterijO® energijos sraut® grafikas,

i gkraunamos energijos pasiski rstymN vi same met O
dal kain®O svyravi mo. Ver ttao maaggytnﬁ)atllg,vemagd adaguguoaj
manesiais, kai saulas jagainas generuoja magiau
suvartojimN kainO piko metu, pakeiliant bréangO
giltuoju metO | aiku PV generacijos perteklius ga
manesiais baterijos |mporto anaudtBatgraj@agkan
naudos pasiskirstymas paga manesius patei ki amas
Baterijy ekonominés naudos pasiskirstymas pagal ménesj
Grafikas rodo kiekvienos baterijos ekonomine nauda per panaudojamos talpos vienetg (EUR/kWh) kiekvieng ménesj. Tamsesné
mélyna — didesné ekonominé nauda; Sviesesné — maZesné.
p1 | 286 235 (Egug?ku\zi}l talpa
B2 3.01 235
B3 229 5
B4 234
B5 2.05 4
:% B6 2.24
E BT 159
B8 251 !
B9 2.52
B10 253
Bl1 261
B12 269
1075,-‘5& l“la-“q' 1915’55 @np-“n 1@;5“5 1015-“" 1@,_“.\ l“qu“?' 1@5"‘9 1@;"9 1@5;"“ l“laf'
Ménuo
8 pRlWwsperi mento mbateiaj Orekohbamtads naudos pa:
Galtinis: sudaryta autori O
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8 paveiksle pateiktas baterijO®O ekonominds nau

ekonomina nauda buvo didgiausi aibriuvugesdijio iirmr dpgelp
Tai gi eksperimento reNulkadaPVI ér d@EEKSar sy tsit eimg
rei kgmingai priklausoma nuo metO | aiko.

l gvados

1.Sukurtas ir programigkai reali zuotas BEEKS
objekto elektros energijos suvartoji mN, el ektr oc
i gkrovimo gali N, naudiogumo BgkeDicienmniM)] ol aipst ib
nusi davajimN. Modelis formuluojamas taikant MILP
gingsni u. Programina realizacija Dfyvendi ntoa Pyt
ugdavinDZ ir Hi GHS sprendimo programN jam sprifst
kainO arbitrago pelnN ir vietinas PV pagamint os
model iuojamas taikant diesiingkmpautkdausoeydpin] sl oy
kad baterijos 1 kWh talpos kaina yra 300 Eur.

N
w
Q
—*
D

parametr ® DZakos meti ni ams opti mi

: @]

pagrindinis ekonominin naudN per talpos vienet N |
koeficientas). Aukgtas Ci kbZerauwtiienitrasi dlen al@t ia, bt
kaupi kl DZ gal i panaudot.i momentiniuose kainos pikKk
di dgi ausi N dal DZ baterijos pajamO sugenereddjaci g ro
koeficientai paroda, kad talpa turi reikgmingN |
koefi tc0endpmsir absoliuliali ekonomd n®8) natuadal (dkio
baterijos siuosvipmpartameéetarin i syayra tinkamos el ektr o
DZ akos metiniams rezultatams analizaje pastebat a
pri klauso nuo metO | aiko ir yra aiddigd agei aor ugs
manesiais. Tokia tendencija paaigkinama el ektros
Ssvyravi mai buvo rei kgmingai di desni , l yginant su
B12 vektimpamdjektyviai naudingiausia, kai meti n:
Eur / k Wh. Kita wvertus, magi ausi N metinh ekonomi n
rezultatas buvo 31,66 Eur/ kWh.
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APPLI CATI ON OF ENERGY STORAGE SYSTEM TO OPTI MI SE ELI

Summary

The article investigates battery energy storage sy
mat hemati cal optimisation model for a solar power pl &
battery parameta&malsyesmed.ti Vhd ymadel is implemented usi
optimisation problem is formulated as -mbjneicxteidv ei nftuengce

maxi mi ses both pri cccomswmpttiaogre epfeoshdyt ahd ses @l ts sho
mainly driven by battery capacity, rwhiel e relative net
Kewor chsaitt ery energy storage system, mat hexméijiecal ve
function.
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MANAGEMENT CHALLENGES OF UMNMMODEMED ANDATAH THE LOC
LEVEL

Edita Abalikgtiena, Egla Juchnevi |
Lietuvos I nzinerijos Kolegija Higher E

Abstract
The article analyses the maowgedehandhat | elnhgelsooéal

research is to identify and asseocsvwned el amadn aagte ntehnet eplrdo
Sugionys el desshidp. asha casearch methods included | e
statistical data assesssnemuct drned dewperntfiicat é owni, ewa.ndT
stadawemed | and obj esceads twertrhiitnortyh e caonvaelryi ng a total area
area. Field verification reveal eseaedgtiectgeltaricas, &aa
used on an wuncl ear |l egahebamai 8. pTbhél emsubre skeswci At
formation procedures, a lack of information among r e
and insufifngtiietnut iinelr coopwnati banatUasd mtpdnrerdi tsd rait el p
control, and the rational management of public assets

Key woStdastwen e d |l and, Unf or med | and, Land admi ni st

pl anning.

I ntroducti on

The managenroewnte do fl asntdaties an i mportant compone:l
influencing the rational use of state assets, te
Ef fective | and admiwhiesnt rtahtei olne giasl psotsastiubsl eofo nllaynd
and cadastr al data are registered in the Real P
clear l and administration systemctiisomi mg eagfe qtuh e i
and territorial development (FAO, 2017).

I n Lithuanioawn epdarlita nodf hsatsatset i | | not been f or me
registered in the Real Property Register. Thi s
control of its actimalo useag,r idrdiiatls pil mtheng mat iacrd |
Therefore, the titoswnwea dfanunficsr meod ganeated y a techni
data; it is directly related troactthec aef fmacniaegnecnye not

The emergence of this problem in Lithuania ha
the Il ack of territorial pl anning document s, com
institutional f unctiinagntsyt ieomda | i ncsowfpfeircaitea mtn . i nthe r(
countries, the processes of restitution of owne |
political system changes have, over ti med rhcerde t
complex | and administration (Pagakarnis et al .,

The problem ofowoefiodmadl dteaxtoemes particul arly
muni ci pal and el dership territories, uncl ear | al

identification of acthndalasuseaircs,urtehe amlda nrhien gnamfa g
areas may become negl-seddtad wegatgatoiwon ,widrh wsedd

Previous studies indicate that decentr altiisteudt iloanr
have clearly defined functions, sufficient admin

Since 2024, t he-otwmans fl amdo fmasn@ame methdt d uncti on
increased responsibility at the 1| ocal | eeco@whed Mu:
l and, but also to sdeasiftheprobtemati condetbona
and ensure | awful and rational | and usleev ellh edraetfao,
al so the problems occurring in specific territor

The scientific novelty of this artioowhedl lasndi
analysed not only as a matter -loefvellegaalndora drneigniisstt
The study assessesatipetci dalc d@ptada, alt hanadct ual cor
i nf or mal us e, and administrative barriers ari sin
that the problemned Uahdr med mdoatimehedmaonagemeént
but also in the actual use of territories.

The research probl-ewned that abhf ohmedostat éev
territori al pl anning, l and use control, i nfrastr
the unclear |l egah amndasctualktesapuecohdstuc ons f
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The object of the researchowrsed hleamd natg etmreen t |

The aim of the research is to identifyovwmneld as
|l and at the | ocal, i.e. eldership, | evel, wusing

The objectives of the research are as foll ows

l)examine the | egal and administrativeopnedonoc
l and;

2)determine the extent, spati al di sowni ebdu tli aomd,
the analysed territory;

3)identify ¢tlhes erhainmnlaggeearilent chall enges rel ate

and control ofwnewdf damed st at e

Mat erials and met hods

The empirical study was conducted in Sugionys
case study area to assess t heowmaendagleamedhtatprtotbd el
study examined the extehtcosgiatiah, dasdr mhoageme
The selected area is characterised by a predom
agricultural | and, and n aotwnreadl | aarneda sma yw hdririreelcun
mai ntenance, infrastructure devel opment, and | an

The research combined the analysis of | egal a
assessment, f i el dstvreucitfurcead ieoxnp e ratn di mat esrevriie w. L e
analysed to defithmeotrkeéi cadul aaomegwonnekd olfa nudn f noar nmee
the context of | and administration, | and reform,
pl anning.

The quantitative and spati al analysis was bas
d and administrative bouonwdnaerd el sa.nd no baj ex
e boundari essedfec$wedi omynsd €lhdkdarrs hniupmbveer,
territory were calcul at4eacdveThaat as wint
and.

Field verification was carried out t-owamaedebkant
areas. The inspected sites represented different
agricultural S u rsreotutnl deinmmegnst,,s , araenads tneerarri t ori es wi t
possi ble use. During the fietdededpeegenpati omaj nt
abandoned buildings, agricul tural iniayc hwenreer yr, e caonre
[

S

n
h
p
I

—

eld verification was not aimed at establishing
e or unclear | and use status.

A sesmiructured expertl eivretl e rlvainedw awdintimia tlr@adc alon
o

r

c

tional sour ce of contextual informati on. T
esentative; rather ,pltahieny twheer er eussuel dt st oo bitnatienrep
field wverification. The <collected data wer
egrating |l egal , -bapatdi alnf offimaltd onand interview

oo T~
>SS 0O Q

Theoretical background

Land administration is a system that includes
l uation, and planning. lts i mportance becomes
when | and has nnotto bceaedna sfturlally ainndt ergergaitsetdr yi sy s
r land use, management, territorial planning,
ministration system is consi deefefde cotniev eo ff utnhcet i
nd mar ket , territori al devel opment , and the pr
The management -opvmel édmndofaret st ®sely rel ated
d Eastern European countries, foll owing politi
nd parcels were forméd] saed. | Ahtthmaghet bewer pr
e transi t to a mar ket economy, over ti me
c
n

- O <
OO " Y

l uding use fragmentation, uncl earnéeéwamda
d use e iency (Hartvigsen, 201 4; Si kor & N
I n t h uani an cont exwnedt hleanids sauleo uolfd ubnef o

i h the national |l egal framewor k of
public of Liotf huarei aRe ptutbd ilcawforlil
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i al Pl anning of t
provide the bas

he RepGdvercnmdntLidfhutame
a |sfor interpreting | ar
ns-goveftomaht eebEt Thes |l egal acts define
formation and admini tratlon, but also th
ntegrawinen odfandtamnméo cadasatrealmadred I @ g iasdt
dol ogy approved by the Order of the Ministe
on the adnroiwniesdt rlaagn d np arfc esltsa tcef ot her purp
i fi esprmprvdcddwnrsalr el at ed toowntelde | saanlde pamrd ell sa s
efore, in this study, | egal regulation i s
r
[

(@I o J=

O _m—c
o > O
R

meodvnsetdatileand areas becoméi oot botyabhsmant ér
itori al pl anning, public administration, and
ne of the key factors of effective | and manac
the | egal status, boundari es, or basis of
ni strative deci giadms ,t eplran oirn wes t mendt s,0 nmhaion
that the clarity of property rights has a
5) indicate tohwanedanbamdii pyopenr tsyd arttiiegmt sc oisn
l'icates the implementation of public projec
r meodvnsetdatleand, as such | and often | acks <cl ea
onsibiligy for maintenanc
The success of |l and administration reforms de|
actical i mpl ementati on. Burns (2007) identif
cessibility, and cliemporpteadftormanteriiandf cat as s
forms. Burns et al. (2023) also emphasise that
f or mal regulation than to the campacidtiyadfedi ms
is is particularly i mpowhadtl|l andf haschbe mér ar
es not ensure that specific | and areas will be
ner .
The 1l ocal l evel is particularly important i
visible within municipal and el dership t
soowhedthard may crognpbi cabadsheepgianaerin
ational areas, and other infrastructure ob]j
ss issues of terri-bwnedl|l | ardl| estwistall dti ey apu
est. Samsudin et al (2014) indicate t-hat
g only when | ocal institutions have clearl\
S t o Irberlaihabm e( 2d0a2t4a). al so notes that decentr
ces, but this requires ecenhaekairn gr ecsappoancsiitbyi.l iRey
decentralisation alaodsmhawagemant thencteido s
ciency of I and rental and administrative pro
significance of public |l and is not || imite
economy, infrastructure devel opmeéereti,ngr. e Xrie
arcouiller (20234 affeett hatapubkiboombodan
benefit is possible only when the status of
I n the caweedfl| amdormeids spatenhieal aaflt &=
formed as an independent real property obj
vation processes.
Land use management is also related to the p
e that sustainable | and use should inclu
17) al so strexsseesr etghuatr ekamcdbousgéngbiven n i
nt, cl ear pl-&asiedgdnaks migo meltes efame,ddtha
l and should be understood not oall yo ass aa
to sustainable territorial development.
ummar y, the i-cwmned offaruchfios medl asatad et o s e
ences of |l and ref or m, the clarity of own
ution of i n-t € vaedumiii noinsatlr aft u vet icoanpsa,cilt y¢c ala
rial pl anning sol uti onmswneldhelraenfd ries tirme att
mi ni stration problem with | egappr paaktmala
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possible to move beyond the formal issue of regi
l ocal territorial management , l and use control,

Results and discussion

The analysis showed tamnetdhe¢ aingdlsue dfi thhufamn rae
the national and | ocal | evewsed Thand otal theeao
542,434.68 ha (NGT, 20 24%) cotwhkliedes lianndd ciag erso tt hart | wn
cadastr al i ssue, but a national | and admini strat
public asset managemewwhednd anlde activation of s

The significance of the analysed -kagsel ican®ts
make it possi bl e tsoc aslheo w rhoobw etnmh iiss neaxtpiroensasled i n
case demonstrates thatmanfermefl I aodmpbenetcadas
a practical chall enge related to | and use contr
management of public assets. Theref drher triue ales
urbanised municipalities facing similar | and adn

The analysed territory is characterised by a 1
proportion of agricultural and natwural areas. Th
|l and accounts fcovetrhagl &, 9Dt hahadfer ests occupy
bodies and ot her | and areas cover 2,344 ha. Thi
status, boundary determinati on,noandndontfrrolm afn &
perspective, but also in relation to territorial
| andscape quality.

Based on the analysed spati al-ovamedd sltaand so b jcea
identified in the analysed territory, covering a
7.46% of the total afn atl lye etdo tt @&lr r a roawvan wadfa hwehmfdo r2 méuo
(Fig. 1).

Fig. 1.Unformedstatw wned | and areas in Sugionys elderst

Source: https://opedata.stat.gov.It/

Although this share is not large at the national level, such an area is significant at the local level, as it
may directly affect territorial planning, infrastructure development, land use control, and public asset
management.

The results of the field verification showed that the issue of unformeedostaied land is not limited
to the absence of cadastral or registry data. In the analysed territory, part of the unforratinstdtizand
areas were found to be neglected, ovesgravith seltseeded vegetation, or used on an unclear legal basis.
This confirms that, in the absence of a formed land parcel, clearly defined boundaries, and a registered basis
for use, stat®wned land becomes more difficult to administer and contrgl @i
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Fig. 2. An unformed land parcel and photographs from field verification
Source: authorsd photo

During the field verification, signs of possible informal use were recorded. In some areas of unformed
stateowned land, inventory, agricultural machinery, temporary structures, or abandoned buildings were
present. In one of the investigated objects, amdbned building and its adjacent annex had been adapted
for personal use, with a chicken enclosure and a woodshed installed within the area. As no clear legal basis
for such use was identified during the research, these cases may be regarded as sndfcatissible
informal or unauthorised use of statened land.

Another problem highlighted during the study was the lack of maintenance of unformealrstiate
land areas. Some territories were overgrown with shrubsseetfed trees, and dense herbaceous vegetation.
Such a condition indicates lostgrm nonuse of lad and insufficient maintenance. Neglected areas
gradually lose their economic potential, reduce the aesthetic quality of the landscape, and may create
preconditions for further territorial degradation. From the perspective of the local community,nbis is
merely a formal issue of statevned land accounting; such areas become visible abandoned patches within
residential or agricultural surroundings.

The identified features confirm that the control of unformed stateed land remains challenging at
the local level. When land has not been formed as an independent real property object, it becomes more
difficult to determine its boundaries, identify aatusers, establish responsibility for maintenance, and apply
possible management measures. As a result, a situation emerges in whicliséatéand formally belongs
to public assets, but in practice is not managed with sufficient clarity (Table 1).

Table 1
Local-level management problems of unformed statewned land
Problem group Features identified during the research Possible consequences
Unclear actual use Unclear basis of use, temporary objects| More complicated control, possible
inventory, use of abandoned buildings disputes, informal use of statevned land
Lack of territorial Shrubs, selbeeded trees, dense herbace( Territorial degradation, lower economic
maintenance vegetation potential, poorer landscape quality
Unclear boundaries Unperformed cadastral or geodetic Boundary inconsistencies, neighbouring
and data measurements, unclear actual basis of us disputes, more complex planning
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Problem group Features identified during the research Possible consequences
Administrative Projects, decisions, measurements, Long process, procedural costs, reside
procedures registration procedures passivity

Institutional Distribution of functions, lack of Delayed practical decisions, insufficient
coordination information, changes in legal regulation locallevel monitoring

Source: compiled by the authors

The results of the study s hoown etdh alta ntdh es hporud bdl e
not only as an unfinished cadastral or registrat
at the | ocal | evelea Alctclhbawnmglts tfroeg amdlyy e 28« o f
owned | and in Lithuani a, its share within Sugio
because it demonstrates that the sigoumnighi aohece®nat
indicators. At the I ocal |l evel, even a relativel
part of the territory affecting | and use contro
public assets.

The findings also indicate that the | egal e xi
effective | and management. | n -¢wrednladiyd ear ¢ @23 rw
over growns ew dehd sveelgfet astiigonns, oofr psohsoswiebdl e i nf or mal
bet ween for mal ownership and practical control

object, it becomes more difficult to idéenttiyf yf obr
mai ntenance, and apply management measur es. The
cadastral data; it reflects a broader weakness i

These results correspond to earlier studies
Eastern Europe, which emphasise that historical
administrative pr otceerdmr emsaaneaqgi ecrr elaatned luosneg ef f i ci
Pagakarnis et al., 2013; Sikor & M¢ller, 2@&®).
empirical evidence, showing that unfiniddtedmémans
or registers, but also in the physical condition

The study also supports the argument that | anct
[ : but al so on data quality, instituti
Bur ns, 210n0 7t;h eB ucransse eotf aju.g,i o2n0y2s3 )e.l der s
their i mplementation is slowed down b
measur ement s, registratreneastiomonsag fi
ws that the effectiveness of | and admin

ut by the ability of institutions and | a
The 4 evel di mension becomes especially import
st®aweaed | and management functions to municipalit
only if | ocal institstiowmfsf ihaiventc!| &admi miestproatsii \be
spati al and cadastral dat a. Ot her wi s e, the tran
without solving the underlying probl enms.i plaHd td es
not only for mal aut hority, but al so operational
condition, initiating formation procedures, and

From a practical perspective, the fi-odneds| 3gmwood
be based on prioritisation. Not al | unf o
y. Priority sbaul debel gmeernstoi mfreast i
ral | and, and territories where signs o
wo ul all ow | ocal institutions to movset droet eod s
management based on spati al data, field verifica

Thus, the Sugionys eldershi pwnasle |l deamon st aame:
e combining legal, spati al , admini strative,
|l eteness of <cadasot rtahle agnhuda Irietgyi sotfr yt edrartiat,o rhbiuat
use control, t he mai ntenance of rur al | anc
engthe€evely mooatoring, i mproving tthee, isiitreplriaf
ocedur es, and providing cl earer information t
proving the managoewmrerend lodnd.nformed state
I n summary, the pr-ownedn lodndndtortmea Isdadadle | ev
directions: i ncomplete | and formation and regi s
mai nt enance, and a compd erxe saedaricnh stesaadlitve Pphow e
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unf or modwnetdatt @end cannot be associated solely wit
to strengthen the monitoring of the actual condi
on | and for mat i otnhepraodcneidnuirsetsr,atrievdeucbheurd@st i aodi e
cooperation. Only under tohvenseed cloanndd th eo nisn tceagnr autnef
and |l ocally beneficial use.

Conclusions

1. The analysis of the |l egal and administrative
owned | and showed that the procescswnsedf| dmod miam i I
are |l egally regul ated. eHowevemn, at heaihre gdroaatli clae:
complexity of procedur es, the number of coor di
registration actions, and the distributwmaed olf an
should not be regarded merely as a for mal | ack
administration problem related to the uncertaint
for maintenance.

2. The study ident i-dwread 8l4amud f ol jmedt s tiat eSugi on
area of 1,194.48 ha, or approximately 7.46% of t
0.22% of the totabwanaedadl oh wLntboumedastatei s sig
directly affects territorial mai ntenance, | and u
assets. Field verification showedr grhawn searehl eod e |
vegetation, while in some territories signs of
objects, inventory, agricultural machinery, and

3. The mailnevliedcamhanagement chall enges are relsze
registration procedures, uncertainty of actual |
among resident s, fi nanci,alanka rirniseairfnsfs,it ¢ atdumiti noiinsati read
| mproving the manageweaead obadndnfsobomled sheatef-ore |
l evel monitoring, the identification of eoniofit
administrative procedures, and the integmakiimmn. o
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NESUFORMUOTOS VALSTYBI NAS GEMAS VALDYMO PROBLEMATI K.

Santrauka

Straipsnyje analizuojama nesuformuotos vadlystiynmi ndxs
i Sugioni O senilnijos pavyzdgiu identifikuot:i i r DZXe
senilnij®O lygmeniu. Tyrime taikyta teisas aktO ir m
vertini nmaat i klraau kior pusiau struktliruotas ekspertinis
nesuformuotos valstybinds ¢gemds objektai, kuri O ben
teritorijos. Lauko matiirkmds matvai misteataywtganene prai apau
pagrindu naudojamO plotO. Tyrimo rezultatai paroda,
sklypO formavimo procediromis, gyvemt sj O niebfad gmad isj
mat avi mai s ir nepakankamu institucij® bendradarbiav
planavi mN, ¢gemads naudojimo kontrolfd ir racional O vieg

Rei kgminiai godgiai: valstybinda ¢gema, nesuformuot a
teritorijO planavi mas.
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NUOTOLI NI 8 MATAVI MO GMATK®WMO® TOPOGRAFI NI ®& ERDVI NI
TI KSLUMUI TYRI MAS

Giedrius 'BalVeavivlai Sst'r avi nski ena
'Lietuvos i ngivmes iGeasd sk dlkd gi jak,ademi | a

Anotacij a

Tyrimu siekiama DXertinti nuotoliniais tyrimo meto
stambaus mastelio topografini O DualranO itmekssgaansyt i kel o t@a onl
metodais sudaryti&sdtdgdamip@i digomaeanOnmet odHASOf by o g mOme
ir Li DAR) bei GNSS RTK metodais gaut Mavibet avadisk yd mjse ke

grafinis modeliavi mas, gaut O duomenO apibendrinimas
ortofotografinis planas tagko horizontaliajai aptaydtal i e
nuotolini O tyrimO metodais gautO erdvini O-RiTuko nmeentCo dtN.
Gauti rezultatai nevirgijo maksimalios vidutinas kvad
topografini O objektO tvirtO vietovas kontlrO horizont
kaip Oyeotmkabios padatii@s10vi mt Oik,i2®omass kghDliprOoc .
UAS fotogrametrijos metodas |l aikytinas tinkamu tvirtC C
Neanal|zuotasstagymopadﬁslemasukituosg pavirgiuose. |
tikslinga taikyti kombinuotus matavi mO metodus.

Rei kgmini 8epfbdfi ® orlaiviO sistema (UAS), GNSS,
tagkO debesis, tikslumas

Jvadas

Aktual umas ir .MNMakslvim®d pmdgblnemajoje vieni SV
erdvini O duomen® tikslumas ir kokyba. Gie duomer
pl anavimo procesams, todal i O surinkamaBZ tiuks$| w
pati ki mumN Tradicigkai topografiniai mat avi mai
rei kalauja intensyvi O |l auko darb®O ir dideli O | a
D kaitant bepgitlmlaisO (®WAISAi visGkasit menini fotogr ame
galimyba operatyviai surinkti di del as apimties
pl anus, skaitmeninius pavirgiaus medeéeli ds dba@iant a
surinkimo efektyvumN teorigkai yra paprasta.

Nepai sant spartaus UAS, Li DAR ir kitO nuotol
kartografiniuose darbuose, iglieka aktualus kI au
Triksta tyrimO, veritviemranilkiad gstuGlpdatai nntggle noibnjielk tidh § i
ir kitO smul ki O iiprafdrad d tersu kntuisrt mg yontoj e K tk@ 1 umN. To ¢
nustatyti, ar nuotoliniais tyrimo metodai bassdar
mastelio topografini O pland rengi mui keliamus t
tradiciniams geodeziniams matavi mams. Siekiant t
met odai s gaut O mat aywimmOgraé¢imybatsusnabeaivi jmO tpaiakt i

Darbo obpekolaisni O tyri mO metodais (UAS fotogr é
gaut O vietovas obj ekt ODaerrbdov iitmiiukSstldaisy me n Oubi bs i nnd
sudarytO erdvini O dwgnamOmarlayngkiinntiiO ntuioktsolluimN.O t
fotogrametrija ir LiDAR) bei GNSS RTK metodais ¢

Straipsnis susideda i g anotacijos, reikgminio
i gvadO

Teorinas Dfyval gos

Bepiloli®O orlaivi® sistemos (UAS) tapo Vviena
priemoni O geodezijoje, fotogrametrijoje ir kart
didel as raigkos duomemilsanusyd asrkyatiit memt ofi aitso goraavfi
tagkO debesis magesnédmis sNnaudomis nei taikant
Mokslindje literatiroje pagymi ma, kad UAS fotog
sdar ymui bei t eritorMijsC csktieebndds einra ik t(.Su §2i Oeldée;l yGter
kad naudojant tinkamai suplanuotN skrydDZ ir P
centimetrinDZerdvini O duwolnéen O atmmk snlgiamN r( &lta p u y2t0 :

Vienas svarbiausi O veiksni O, l emi anli O fotog
duomenO Tkro&kdyibcdi.gk ai tam naudoj ami antgeminiai a
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tatomos GNSS RTK metodu. RTK technologija |ei
| ai koma vienu tiksliausi ®© metod® geodezinia
menys dadgnai naudoj aA® fkoatiopg reatnaeltorniinnii id uvoentetni(
1) .
Pastaraisiais metais naudoj ami UAS su integrui
eoreferencuoti aeronuotraukas ir sumaginti atr a
TK integracija galslqungkirambauqoaﬂnamkalmlNotkekrt
audoj ant minimal O GCP skailiO.
Ortofotograf|n|a| pl anai yra vieni pagrindini
gi o aukglio, vaizdo raigkos, georeferen
i tyrimai rodd, Nkeédrnawddjad uts BT Kc sl elaokal
sbm. Tokie rodikIliali atitinka daugelio
mus (Al shawabkeh ir kt., 2021). iNmN iir
, kad net nenaudojant atramini O tigédgkd ve
autoriai daro igvadN, kad RTK integruot.
Nors horizontalls pavirgiai fotogrametriniais
mat avimas i ¢glieka viena dlngaUSIO probl emO. Pa
el ement ai dagnai fotogr,afuogdami j e mpeloanrekamy a k a
horizontali O pavirgiO. D&l gi os priegasties ve
pakl ai domi s nei atviri horizontalls pavirgiai (C
kad skaitmeninio reljefo ir pavirgiaus modeli O t
skrydgio geometrija bei kontroliniO tagkO i gdast
bl tina atlikt.i nemwrifkl ausomN tikslumo kontr
okslinédje Iliteratiroje vis dagniau nagrinaj
i [ arba papildyt.i UAS technol ogijomis. D
ngai sumaginti IaukeudankDm&lplmaDZau pasp
ngO ingineriniO objektOd, pogemini O tinkl O
rijO matavimams dagnai vis dar reikalin
uja nuomona, kad RTK technologija pagr D&t
ini O ir kartografini® duomen®d surinki
uj anlius i n@gduwcejrdma utsa iokbyjteik tkusmb ir relkmotmé ng
uojant UAS fotogrametrijos ir GNSS RTK ar
mo neapibragtbDzZir padidinti galutinio erdyv
Atlikta mokslinds literatliros analizad paroda,
efektyviai generuoti aukgto tiksl umo erdvini O
rei kgmi ngai pagerina j @ ytrii kmeO,umNe.r t Tanlaina u Ov ivse rdtairl
inginerini®© tinkl ® objektO® matavimo tikslumN b
pal ygi namumN. Nepakankamas temos i¢gtirtumas pagr
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Tyri mO metodi ka

Darbe taikytas erdvinis ir grafinis modeliavi
duomenO®O apibendrinimo ir interpretavimo metodai

Tyrime surinkt® aerofotografini ®© duomenO apdor
l ei dgianti automatizuotai atlikti fotogrametrinlL
pavirgiaus modelius (SeM)us,yr wgtimadimuantvi eft oktdys
parengi mN tol esnei analizei. AAgisoft Metashapen
debesies generavi mas bei ortofotopl ano ir skai
matiawd duomend apdorojimui ir analizei buvo naud:¢«
mat avi mo duomenO apdoroji mas, sudar yt.i reljefo
parametr ai

Tyrimas vykdytas gegugas pradgioje, Vilniaus
duomenO tiksl umN, buvo pasirinkta urbamgiatugtavt
borteliai, asfaltoid#amarosnginekinaO GiekhvOegol
priegasties, kad geodezi gkai i gmatuoj ant tokius
t. y. stambaus mastelio M 1:500 ikpmatiudt G otrd pog

padaties vidutind kvadratind paklaida,tvtiurniO vhlett
kontiDrr OOkim O payeogmO su 95 proc. tikimybe.
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Tyrimui atlikti VvVileétbwvéAjiel p®Ogymald kalkamem@ k (

dangli © esanl i ® kelio vidurxkjaemeftDbdpayg.l) O ksiandn
pav. ).

1 pawasirinktos vertikaliOjO pjivid viet:

b) guliniai gatvas viduryje; ¢) gulir

Galtinis: sudaryta autori O
l gmatuot i galigatvio borteli® aukglius buvo
priklauso nuo matuojamojo pavirgiaus. Mat avi mo

charakteristikO, kadangio dhajteesrnogeanwkggklum)asskgarltlur
neapi bragturDKlerfrl hSIZOnglaltwlapletaesanl i O antgemini
gulini O/ kamer O dangli O, Kuriepawgr upuogtuil i DZi sl ig

pav.). Tagko tikslumo D&Zertinimui horizontalioje

DuomenO rinkimui buvo naudojama bepilolio orl
DJI Zenmuse L2 jutikliu. Skrydgiai vykdyti naudo
buvo pagyméati 3 planianisaivilkdemtvidsg &mkltilaiaitsi. e Gym

atsigvelgta, kad virg gymimO vietO nebitO elektr
ipasirinkta AxfA kadangi tokiu ¢genkl u pugiykmarttaismdck c

kur DZl engva sutapdinti su skrydgio metu ugfiksuo
60 m aukgtis virg gemas pavirgiaus ir 6,3 m/s gr
skiriamo$bh) geibakd G2, 20 cm/ px, ugti krinant aukgt |
fotogrametriniam apdoroji mui bei skaitmenini O pe
0,42 ha.

Ortofotografinio plano sudarymui buvo panaudo!
naudoj ant Agisoft Metashape programinfi DZangN. F
20677 pikseli O, erdikRpnaAméspi xehmopigt gkban & ®SDh uKk
mat avi mo tikslumas vertintas analizuojant aukgl: i
ti ksl umas siekiantis inO centimetrO ribN.

MatavimO tikslumui DZXe inti naudoti tiriamo
Topcon Hi Per SR i mtuvN. M-i%t'l’dt(virmail aas! il lai kon&ude jr
kai korekcijos gaunamos GNS®asti ohiadi 9idst emows ato v
GSM rygiu, radijo bangomis arba internetu. Gios
padatDZir ugtikrinti'|'3j®nr)entimetro ' ygi o tikslun

MatavimO tiksl umui DX ertint.i buvo atlikta ski
anali za, apskailiuoti koordinali ®© skirtumai bei
Anal ogi gkai buvo analiwatiti aula@glkiOd asukigrd ti wrmai aipr
padaties nustatymo tiksl umas.

Rezul t at ai
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Tyri mo metu Vilniaus mi est e esan]ios gatvas

nuotoliniais fotogrametriniais metodai s. Mat avi n
AC oro temperatirai ir #omijsosaplbogasi sudarol gma
metu gaut.i duomenys buvo apdoroti programi ne D4
suformuot.i ortofotografinis planas ir 3D tagkO d

2 phivr.i amo joor toobfjoetkotgor af i ni s pl anas
Galtinis: sudaryta autori O

Tyri mo metu parengto ortofotografinio plano m:

geba (GSD) siekia 1,71 cm/pikseliui. Tai reidgkia
todal smul kiausi O owmasktpiikdlemus d irkwaov i grioo d erteail k g

l g gauto ortofotografinio plano galima ident
objektus, api man| i us reljefo, gemas dangos, au
urbanistinid infrastruktioB. gbhbsaskgnhos mesdpriné@s
analizei, objektO skaitmeniniam i gskyri mui bei |
ti kslumN (3 pav).

3 pAwkgtos erdvinas skiriamosios gebos ortofoto
aigaligatvi ai ir ipadgtadpamopsfdangat abail
Galtinis: sudaryta autori O
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Nor s
kampo

gaut ame
padati es,

peraukgtaji mas

ortofotografiniame

dal

yra dbBmanoma.daugi au,

pl an

e

A gana
atsiradusi O deformuot O pl ot O
nustatyti

ry

n

Ortofotpbandi hi &sl| umui DX ertinti buvo panaudo
koordinatas nustatytos GNSS matavimais ir ig ort
1 Il entel
Nuotoliniais tyrimo metodais nustatytos t ac¢

Il gmatuoto t| X GNS X UAS| Y GNS Y UAS| fx, ( fy, (

1 606935 606935 590840 590840 0,01 0,04

2 606939 606939 590865 590865 0,01 0,04

3 606943 606943 590887 590887 0,04 -0, 03

4 606947 606947 590916 5909186 0,03 0,04

5 606951 606951 590940 590940 0,01 0,00

Galtinis: sudaryta autori O

I g GNSS ir UAS matavimO apskailiuoti koor di
neatiti ki mus. X kooiOd,i0n4atr1§isi ksik i Or,t Qudmam, ka ui® , kdicBoor d
m iki 0,04 m. Didgiausias ©OusatgwvyDagd urms ks ior kidanga sa u
0, 0m. At | kus k_oordina!iO sk_irtumO analizn nusta
atgvil gld,u0 2Binbhk(xc ™M koordi ndt &sS2a2)feiml diemdra pl ani
kvadratina pa@énmd@amuddamrezul tatai rodo ger N GN:
atitiktDZbei pakankamN tikslumN objektO planinei
Darbo metu taip pat buvo sugeneruotas tagkO d

4

pav gkarpa i
Galtinis:

g

TagkO tdediesesdvaje

geometrijai 2
duomenO apdorojimN buvo
Sudar ant

atv

er dv

ai

ini O

zduoti

tiriamojo darbo met
sudaryta autori O

i gsidas|iusi O tagko
Kiekvienas tagk
ssugeneruotas 60 O

DZertinti UAS matavi mO
iaukgli O skirtumai,
fotogrametrini O matavi mO ti
DX airovei ir aukgli O ski

sugeneruot ame

ksl
X rt umams,
tagkO debesyje.
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topografini O duomenO
ti ksl umN,
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Sugeneruoto tagkO debesies vertikaliajam tiks

GNSS matavimais nustatyta, kad didgiausias gal.i
147,26 m (1 t aiglk3ads,)4,4 onmsn(algliNatvasgikaesi k g| i au s i it ger
duomenyse sutapo, jO aukgli O reikgméds skyrasi (2
2 lentel
lgmatuot O tagkd aukgli O skirtumai
. Kieto |Kieto Kie@o” Kie@o” Aukgl
Il gmat . . P . P pavirgi|pavirgi . neati-t
. virgaus apalios agh, (.. . . oh
tagkoGNSS, (MGNSS, (m virgaus|apalios fh, (
UAS, (m/UAS, (m
1 147,26 147,15 0,11|147,26 [147,22 0,0 0,07
2 145,58 145, 46 0,12|145,58 [145,51 0,0 0,05
3 144,33 144,21 0,12(144,28 |144,24 0,0 0,08
4 143,92 143,80 0,12[143,87 |143,84 0,0 0,09
5 144,54 144,45 0,09[144,50 (144,45 0,0 0,04
6 145,38 145,27 0,11[145,31 |145,25 0,0 0,05
7 144,05 143,95 0,10[144,00 (143,98 0,0 0,08
8 142,39 142,27 0,12[142,38 |142,34 0,0 0,08
9 141, 42 141,28 0,14|141,39 [141, 36 0,0 0,11
10 139,57 139, 44 0,13/139,64 [139,60 0,0 0,009
Galtinis: sudaryta autori O
| ganalizavus galigatvio borteli O aukgli O skir-
gauti GNSS ir UAS metodais, tarpusavyje (gi605ai S L
mtal i au di desni neatiti ki mai nustatyt:i apatinaj e
aukgli O skirtumai kaimkuTikési mavekadsgbue&askiki
met odo jautrumas vertikaliems pavirgiams ir stai
atvaizduoja geriau matomus ir aukgliau edaagali i us
biti nustatomi su didesne pakl aida. Nustatyta, Kk
sieka Oysdt2atmyt @as di dgi ausias skirtumas tarp GNSS
aukgli O skirtumOi@a0Bam.4Magi Al si adgk oded G0dmks n U
Vidutind GNSS ir UAS matavimO AgskaumdDuoaotea kgimd
pakl aida (RMSE) s uGhuirezultatirddd, kad WAS fofbgranetiinim jnetodu nustatyti
galigatvio bortelio aukgli O skirtumai sisteming
fotogrametrinio modelio sisteminDZefalktvhe, nk aia ms
skaitmeninio pavirgiaus model i o interpoliacijos
Nustatyta RMSE reikgmd rodo vidutinDZ atitiki mN
duomenys yra tinkami bendram topografimia model i avi mui , taliau magi al
el ement O, toki O kaip ¢galigatvio borteliai, aukgl
Tagko padaties aukglio atgvilgiu DZertinimui
komuni kacijO guliniO (kamer ) dangli O, kurie sus
pav.), ir gulinius,av)eNsuasnlaitws ag atkvads gkart av¢atse v(i Idau r|
padaties asfaltbetonio dangos pavirgiuje pasigyn
aukgli O nustatymo tikslumas yra dides@yinsi. nTaugoe stn
mat avimo tikslumu, nes galia jO esantis ¢galigat.yv
fotogrametriniame modelyjdt | i kus pirmosi os grupds gulini O ma
UAS metodais i gmatuoti aukgliai LASO07 aukgli O si
magi dubi aagke (4 lentel a).
4 |l entel
Il gmatuoti tagkai LASO07 aukgli ® sistemoje bei
l gmatuoto Gulinio aukg|lGulinio aukgtiAukglio neatitik
1 2 3 4
1 147, 30 147, 32 0,02
2 146, 33 146, 32 0,01
3 144,98 144,95 0,03
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|l gmatuoto Gulinio aukg|lGulinio aukgtiAukglio neatitik

4 143,83 143,81 0,02

5 144, 46 144, 42 0, 04

6 144, 40 144, 36 0, 04

7 145, 29 145, 21 0, 08

8 144,62 144,56 0, 06

9 141, 33 141, 31 0, 02

10 140, 43 140, 42 0,01
Galtinis: sudaryta autori O

Didgiausias matavimO neatitikimas tarp GNSS |
m ir buvo-angwanea ttyatgkse . 7 Ma § rag uasme-ag kainrdt Outinged k Wpalet i m

Apskailiuota vidutind viasrGd mat®x9 md (sX,i s taumO, rkea
UAS matavimO poslinkDZGNSS atgvilgiu.

MatavimO tikslumui DZertinti apskailiuota vid
Gaut i rezultatai rodo aukgt N GINSEk d raatudkAS! lingd tua v iNm
nedideli skirtumai gali blti siejami su model.
geometriniais igkraipymai s

| gmat @y ws pdgrupi o, t . Y. gatvas kragtuose es:
nustatytas didgiausias. a@kgmeOmakavt mmas agkekdul
abiem metodais sutapo ir sudara 139,97 m (5 |l ent

5 lentel
|l gmatuoti antro pogrupio guliniO®O tagkai LASO07 &
parametr ai
|l gmatuoto Gulinio aukg Gulinio aukg Aukglio neatit
1 146, 04 146, 02 0,02
2 145,22 145,18 0,04
3 144,62 144,58 0,04
4 143,709 143,75 0,04
5 144, 33 144,28 0,05
6 145,20 145,15 0,05
7 144, 63 144,59 0,04
8 142, 46 142, 42 0,04
9 141, 40 141, 37 0,03
10 139, 97 139,97 0,00
Galtinis: sudaryta autori O

Nustatyta, kad GNSS ir UAS metodais igmatuot(
0,035 m, o vidutiinG, Ok3v8adm at 3 n& @mkl| aTadia rodo ne
mat avi mO nuokrypDZ GNSS at givti il iaraN.gr nger Noge upd Os

gulini O matavi mai gatvas viduryje yra vidutinigk
l ygesniu pavirgiumi gatvas vidurigpe,cmd kuaketl ias
modebfkpoaiigByamus. rezudnoartnat ynvawiirOyivii duti nds . kyad)
stambaus mastelio M 1:500 igmatuotO topografiniC
vidutina kvadratina paklaida, turi bTti ne dides
io, M0 kit Oiopai rsqui @5 ptDaepodr &fiimyb®a&|f oRtPo3gBr9asme t r
met odas | ai ktyad ke spadatkiaemu er d vNenaarsa | p azdudottiaess trmau
nustatymo tikslumdal katussekpantr gigaoke.i nti ma t

kombi nuotus matavim® metodus

l gvados

1.Atlikus koordinali O skirtumO analizi nustat
atgvilgiu sieka 0, 026m (02,063 2aim)(,3 ,Y2 kcom)r,d ion alt eArst
kvadratind Ppa@#éamdi Gauiidamae)zul t atai rodo ger N GN
atitiktDZbei pakankamN tikslumN objektO planinei
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2. Palyginus ir D&Zertintinus 10 ertikal
i gmatuotas bOt2m) iWOAGUEK Gt i Saut as i dutii Qi
apskailivuota viduta,mmav(ky&dcaf)ina pakl ai da

3. Pal ykirdd puakdglrigo Omat avi mus nmsadtaadlyit mi, aiksa dm:
i g ma tauuokt gatsi NsS Snautoa v mO pir mu 630 mat B0t 40umk iuAp sk ai | i
matuotOi dagk®ads kvaido @i 84§ @pBBMB8a my 0 s

v i O tag
v &7 2 u kg

4. Gaut i rezud mak ii mandwisi gag kvadratinas pakl
mastelio M 1:500 igmatuotO topografini® objekt?
kvadratind paklaida, turi biti ne didemstnla0®adop
m, kit OO0 pmyisgi ®5 proc. tikimybe, todal UAS fo
tvirtO vietovads kontlr O ntuasgkaat ymadadt iTas eredwniand d s
nustatymo tikslumas Kkituose pavirgiuose. Tali au
kombi nuotus matavimO metodus.
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A STUDY ON THE APPLI CATI ON OF REMOTE SENSI NG TO AS.
MEASURED TOPOGRAPHI C SPATI AL DATA

Summar y

The study aims to evaluate the accuracy of spati al
compliance with the requi-semkrtsopograpbi premppsatilTbe
deter mi ne t heet iaaclc udaatcey pdnesrpated using remote sensing
of spatial data on terrain features obtained using r
GNSS RTK methods. The studydiedvamlgyedss watlilalasarndegrsyp
the obtained data. An orthophotographic map was <cr eaf
position of points, and a point cl aoasd Wasdgeeemanedtt
the spatial data obtained using remote sensin@gRTmet hooc
met hod. he results obtained did not exceed thesmaxi |
measured at a |l arge scale of 1:500, the mean square e
exceed 0.20 m, while the mean square error for the v
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sur faces, 0.20 m, with a 95% confidence | evel; t heref

determining the spatial position of fixed terrain fea
was not Heommeelvyezred.t o ensure measurement control, it is
Key wdindmanned aeri al vehicle system (UAS), GNSS, L

accuracy.
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| DENTI FI CATI ON AND COMPARI SON OF WATERLOGGED AR
USI NG DI FFERENT REMOTE SENSI NG METHODS

Daiva Gudritiend, Vilma Gal kauski er
Lietuvos I nginerijos Kolegija Higher E

Abstract

The deterioration of drainage systems and insuffic
of waterlogged areas, making the application of i
was to identdrfepaswaitrertimpggéalndgi ogala and Al ova c
i met hods and to compare the resulting sp i
hophoto map, anrd di ,sfuorvreaytsi.on col l ected d
lts revealed that the problem of waterlo
cadastral area. The highest -bgseeémemtelmb
O LaTp oarntdnh otphheo tfoi el d survey dataset (75. 2%).
l'y occur in terrain depressions, near dr ai
that the MELf ®OR1t0h& pearéebeminasy siudembi ei cati
urate results are obtained through the interp
assessment of waterloggeadI|r @aplpdi med meda ma diss
rrdsLand drainage, waterlogged areas, ORT1O0LT, \

u
re
adas
at al
t ur
u gg
a @ it
1

n

troducti on
territory of the Republic of Lithuania i
ems are of particular i mportance in
partnef theouogbnsulpsbhmbabeedrdirnanag
approximately 52% of Lithuaniads t
r agricul tural productiabh dndi hafgeas

ntain the productivity of agricultural
rowt h, facilitate soill cultivation and h:

tefcbhhge (Vall|liukiena et al., 2025).

The primary purpose of the installation and
itions for sustai able | and use and to ensut
ions of drainageteytbgmsngs BiseeprcegvsnivieoB o
gr owt h, di srupts nutrient upt ake, and red
ion is the regulation of soil mo i cspt mer ret, amhc
ient agricultural producti on. Controll ed dr
ing groundwater | evels to be adjusted accor

al condieviebtomp meat ¢Kapicka et al., 2023).
Drainage systems also play a significant rol e
xcess salts from the plant root zone. When dr a
evel oped, salts accunmultahtee dient etrhieo rsadiilo,n logdaditns
educed productivity, and | ower crop yields. Ov €
se (Kannazarova et al ., 202 4; Sun ati nalai ned025
ystems contribute to soil erosion control, impr
hereby promoting sustainabidier mapdodeetiawnidt ynao in

Fajeriamg .et al ., 20

Aim of the study: To identify
i fferent remote sensing and map
rl o
a
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waterl ogge
ng met hod and

o

d are
p S
ObjectiveslTod itdeentsitfudywat e gged areas in th
throughbasttliaed field interpretatiToncomp®RE1Q@IhTEe
dat asets genbeasaad dardy foifdlidcei nterpretation met ho
within each3fTadasseast heasuitability of differe
for identifying waterl ogged areas and evaluating

Theoretical background

I n ithuani a, dr ai ed agricultural | and cover
nearly half of the countryés territory and abou
installed between 196r0e annodw 1h99alv;i |tyh edreetfeorrieo,r att heed
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t removal of excess water from the
re continues to decline, resul ting i

—_——

According to scientific |iterature, failures
S in soil moi sture conditions, surface wat
function can beurdgegmpsi Bhddthobhgtduthegahie
remote sensing dat a. Previous studies have
clogged or damaged drainage systemst.erSuarif
pressions or in locations where drainage coll e
ve become overgrown. As a result, these areas
i sture per iestivodfsorn Atbyath @ kdyd il e n a

Anot her i mportant indicator of waterl ogging i
eas, plants often exhibit reduced growth, | owe
e soil weakens rootceysbeemsyiredmenngl csbpesss
aracteristic of wet habitats may devel op, wher
rminate altogether (Zhang et al ., 232axe Shatode
il erosion are also commonly associated with
paired, water i s unable to infiltrate effecti
rtt ospod ayer . This |l eads to reduced soil product
di ment accuiyli agi @ameias laowemdr ai nage ditches (
il erosion is partiwuetaradly. hiz®m2in. sl oping ter
analysis of previous studies on the causes
l'imited to Lithuania but is widespread
tion of drai natgief isgyssttiears afeqwatr er lacggl
ng intensity, determination of the unc
the condition of drained | and.alWat e
ed factor s, including climate conditi
stics. I n recent year s, waterl ogging
ion intensietxyxeasdver moosgedepelTihedssmad
ng
nd
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include terrain characteristics, hi
poorly permeable soil |l ayers (Kaur
spati al data and remote sensing me
areas. Ort hophoto maps and spati al
f problematidc fdreasnt compa&zrissomnaf mad
waterl ogging zones (Lerniauskas, 20
i thout direct physical contactv.erThes
, vegetation, and other environment al
ndition data without <cond i
as 1(7Bar ICoanmmoetl yalap,pld@®d t ni ques for
i magery, satellite dat a, DAR techn
et al., 2015; den Besten et al., 2021)
review of scientific |iterature revealed
nation of natur al and anthropog ic factors
cularly imporasanhavelkeeWashboWwn ednagati ve
h, and the productivity of agri l tur al [ an
ement . Previous studies i ndidcaataes etthsa tp rroevm at
for the rapid identification of probl emat
tions.
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Research Methodol ogy

The study was conducted in the Vandgiogala ca
Al ova cadastr al area of Alytus District Municipe
of waterl ogged ar easedanadgrtihceu latsusreasls meanntd .of dr ai n
The first dataset was the national 1:10, 000 sc
el DR10OLT) of the Republic of Lithuania (Lietu
eas of poorly functhenishgddr aread landd i wi tphuibr
thuanian Spati al Il nf ormation Port al
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The second spati al dahh ased iwaterprat a&tdi ars i ofg

map. During the interpretation process, waterlog
indirect interpretaltoironanidndshcaapeorch ariancctl eurdii sntgi ccsc
were recognized by darker irregularly shaped pat
by excess moi stur e, the absence of culatnidv ateirom
depressions.

The third spatial dataset was created using f|
surveys were carried out in the spring of 2026,
coll ected during telde ofni e¢lhéd snorstey ewantr @carmodphot
whi ch were subsequentblays euds escp attad adr edaatteasaetpol ygon

After the spatial datasets had been compil ed,
Geographic I nformation Systems (GI S). The anal ys
area, spatial distrgouteon,  Theasde whdadtea | Wwgrge ngt crad
vector dataset s, enabling the appl i céataiserd ofue6Gl
statistical cal cul ations, and spatiapl beutevreleay da
dat aset s. I n addition, similarities and differert
the same study area were evaluated.

To assess the severity of waterlogging in gre
categories. The classification was based on vi si
of agricultural mgglkeidneamryaactwieviet .5 hWagthdri lgad wa s e
ardaseas showing minor signs of waterlogging, s
mainly during wet years, an@dModepatekhi wdbedhmgg
showing more pronounced signs of waterl ogging,; a
absence of v3Séebeerelty amhiiearkemesg endh eareeasshr ubs, W 0

vegetation have developed and where agricultural
year s.

Results and Discussion

The selected cadastral areas are |l ocated in d
area is situated in central Lithuania, whereas t
country. The terr asn roafl talhree aVainsd gp roegdad nai ncaandt | y f
is characterized by a more pronounced relief, wi

The study areas differ only slightly in ter m:
domi nant soil types are medium | oam, sandy | oam
prevail in the Alova ceaaasotvaledrappr dhiemdtodlay
Al ova cadastral area is |l arger, a substanti al po
of drained agricultural l and is similar in both

According to the national 1: 10,000 scale spa
( Mel _DR1OLT), 62 areas of poorly functioning dr .
area, covering a total cohf alr6e2a.sl 6wehrae. ildne nctoinfipi aerdi si
occupying approximately 288 ha. These results i
functioning drained | and are greater i netahe¢ FAlgav
1) .

I n both st utde/x taurreeads ,s oliilgshtpr edomi nat e. Such
relatively high water permeability; therefore, t
the technical condi tioocrmtofondmdi dag@e nayget emms wod &t
rat her than with soil properties themselves.

Througtlt acsfefdi dent erpretation of the orthophoto
24. 26 ha were identified in the Vandgiogala cada
were identified usimg taheé¢é ot ame ametahod, appvexi mat
two study areas revealed that the number of wat
than in the Vandgiogala cadastral apggindhasd ne
di stribution of waterlogged areas in the Alova c
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ned | and i de
ova (2) cadast
the authors

To verify the accuracy of tbhaes esdp aitnitaelr pdraettaa ta kx
were conducted. During the field investigation,
throughout the study areas (Figure 2).

- @

Fi gWat2erl ogged areas identified during
Source: compiled by the authors

During the field survey, 36 waterlogged areas
of these areas were classified as moderately walt
waterl ogged areas ( Caetcetgso,r ywhli)l ec oomplryi seme 1&r eod j
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waterl ogged. The majority of waterlogged areas w

depressions situated near drainage ditches. Some
condition may havemcloattirormudfedex wed heswarcfcace wat
I n the Alova cadastral area, 181 waterlogged
tot al area of approximately 107.6 ha, whereas or
identified in the VBallge ogal a Thbadaestfriamldi agea i
considerably more widespread in the Alova cadast
their overall extent .
Tabl e 1
Di stribution of waterl|l ogging categories in t
Waterlogging category Number of objects Area (ha)
Vandgiogal| Al ova Vandgi oga Al ova C.
1 17 130 4.9 94.0
2 18 28 6.4 10.0
3 1 23 0.94 3.6
Source: compiled by the authors
Based on trlkee whittagilmgded areas were most freqgl
and in areas | ocated near drainage ditches. The
relief, with numerous hills and dgrpeatsesri omwmb emh |
area of waterl ogged territories identified in
waterl ogged areas were | ocated withiextutéedvabe
findings swmggestaubasts bDhewaterl ogging are the ac
insufficiently functioning drainage networks, an
A comparison of the Mel DR1OLT dataset (avail
Portal) with the datasets generated during this
correspond to the actuad a@&nxdleyndi sofofwatttee | d@gtgaede t
based interpretation showed that a number of wai
not included in the Mel DR10OLT dataset. This in
additional waterl ogging hotspots that may not be
when automated detection methods fail to delinea
Furthermore, some areas mapped in the Mel DR1C
vi sual interpretation, while sever al territorie:
not be confirmed fromettdiesoréepapboées mampgkbeyexph
acquisition periods, update frequency, and the n
I n the Vandgiogala cadastral area, the highes

ataset; however, a substantial proportion of th
he present study (Figure 3).

M Mel DR10OLT data

M Based interpretation data
HField interpretation data

Fi gSpa&ti al discrepancies among waterl ogged ar
Vandgiogala cadastral area
Source: compiled by the authors

I't was found that the areas classified as poo
were often | arger than the waterl ogged areas acH

46



_DR1OLT dataset did not coincid
objects were common to al/l t h
,astesrauntddpneasi dnajinagd dr ec
eveal ed significant differences
ed cadastral areas (Table 2).
Tabl e 2
Comparison of the number and area of waterl ogge
Number of ol Area (ha)
Data acquisition| vandgi { Al oval Vandgi d Al ov a
C. A. C. A. C. A. C. A.

6 2 95 162.1 288.0

MEL_DR1OLT dat aset de
satellite image anal ysi

Of f-baeed ORT1IO0OLT interp 41 148 24.26 73.0

Fi eblased ORT10LT interp 36 181 12. 214 107. 6
Source: compiled by the authors

The obtained results indicate that both the r
rably depending on the method applied. [
as identifi edohjnedthse) Mewh iDIRel OtLiTe dlad vae 21t

survey (36 objects). However, the anal
ed areas in the Mel DR10OLT datsasiedte nctao Ve
etli ceterpretation covered 24.26 ha and
4
e

5

ha. These findings suggest that wate
d i nhaot |da greaot paoll wagyosrsaaccurately repr e

YDQO S OO
S ®>SST®W TTO
™S —= ~+ o

To evaluate the accuracy and consistency of t
he spati al dat asets was calcul ated (Table 3).
Tabl e 3

Overl ap between spatial datasets

Met hods com Number of o Overlap ar Met hod agr e
objects

—

Vandgi Al ovgVandgi Al ovgVandgi Al ov

C. Al C. Al C. Al C. Al C. A A

MEL _DR1OLT and 8 38 3.11 29. 04 25. 8 39. 8
6 2

1 1

ORT10LT and f 40 60 12. 24 54. 97 55.

MEL_ _DR1OLT and 5 53 2.40 47 . 47 19. 44 .
Source: compiled by the authors

The results showed that the highest | evel of
througbaséfi erpretation of the ORT1O0LT orthop
survey. Il n t Al ov a bcea dveesetnr atlh easree ame tthhoed sa g reeaecnhe
area of 54.9 a I n comparison, the agreement b
was 44. 1%, w e the agreement between the tMEL_D
was 39. 8%. These f i nbdaisnegds iinntdeircparteet att h atn ®ff f itchee
provides the most accurate representation of the
remote sensing methods.

I n summary, each of the applied methods posse:

of a particular approach should depend on the ob
time availabl e f orssdatga (clTalbll @ect4i)on and proce
Tabl e 4
Advantages and disadvantages of different
Mapping me| Advantage Limitatio Applicati
MEL_DR10OLT (alEnables rapidThe mapped ar Preliminary ¢
satellite imaj/large territgcover | arger |waterl ogged 4
is publicly gactual waterljgener al eval u
cost . territories. drainage cond
devel oping wsg
areas are oft
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Mapping me] Advantage Limitatio Applicati
Of f-baeed ORT1|ORT10LT orthoThe method rgSuitabl-eefaar
orthophoto malare publicly |qualified spgmonitoring an

charge. Hi stqof identifyinidentificatidg
i magery fromjareas based dgqareas using ¢
can be usbds@indicators, dimagery updat
analysis. Alllpartly dependyears.
assessment offinterpreterog
changes and t{Orthophot o mqg
identifictaernmLi thuania ar ¢
waterl ogging |three y®oares;
di screpanci esg
bet ween the g
i magery and t
conditions in
Fi eblaced interHi ghest accurThe method rgbDetailed deli
the ORT10LT ojevaluated metiqualified spegwaterl ogged 4
Represents aqof identifyinEvaluation of
conditions atfthe relevant |[intensity.
coll ection I't requires n
and resourees
based data cg
met hods. Bieald
dependent
Source: compiled by the authors

The analysis revealed that each of the evaluwu

accuracy and possesses specific advantages and |
preliminary identifi cattihoen goefn epgrad b lassnsaetsiscmeanrt e aosf
over | arge territories; however, it does not al w
Of fbaeed interpretation of the ORT10LT iocadathiomrm ot
waterl ogging indicators and their boundaries, al
of the orthophoto imagery, the experience of t he
shadows, anhdressticshafThe highest | evel of accur e
made it possible to identify small and fragmente
sensing data al one. N ecvoenr st uhneel segsusr iceen B i s emeamadd hi g
on seasonal conditions. The results of the stud
areas is achieved through the combined applica
prel i miemarndy iicati on of problematic areas, ORT1O0LT
waterl ogged territories, and field surveys for f

of waterl ogging.

Conclusions
1. The applichtasend amhdoffiieca interpretation of

t hat the waterlogging problem is more pronounce
cadastral ar da.s edhri mu eh podeaftliadggigerd, ar4L& swa overing
in the Alova cadastr al ar ea, compared with 41 a
Field surveys identified 181 waterlogged anégs c
36 waterl ogged areas with a total area of 12. 214

2. The comparison of spatial -bdatdsatngd deémre rda ti
demonstrated that the highest l evel of agreemen
i nterpretation and the fiebdesaurveygy dgtreseest be
reached 75. 2%, with an overlap area of 54.92 ha,
55.6%, with an overl|l ap area of 12.24 ha. The | 0\
dat asédt field survey data in the Vandgiogal a cad:é
cadastr al area the agreement bet ween these dat
MEL_ DR1OLT dataset does notacdluwdydiadaurbat éloyn ro
whil e more reliable results are obtained through

3. The evaluation of di fferent remot e sensin
MEL_ DR1OLT dataset is suitable for the prel i mi
territories, although it frequleaand . y-b@eidedsnti enap
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f the ORT10LT orthophoto map all ows relatively
oundaries, whereas the highestbalseewdeli ndfergaoaaeuradd
he most reliabl e asasesissmeonbtt aofn evda ttehrrloouggghe da na rier
EL_DR10OLT data, ORT10LT orthophoto interpretat:i
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UGMI RKUSI 6 MELI ORUOTO GEMI &6 TERI TORI J® NUSTATYMAS ||
SKI RTI NGUS NUOTOLI NI'®dD TYRI M0 METODUS

Santrauka

Mel i oracijos sistemO nusidavajimas ir nepakankama pr
probl emas, todal aktualu ta|kyti pauskiamysi j Ogmuskas
Vandgi ogal obsastrr Al,toviatsakfas eki rti ngus nuotolinio karto
erdvini O duomen® rinkinius. Tyrimui naudoti Mel DR1OL
tyrimO metu surinkta informacija.

Atlikus usyat wNa,n kad ugmirkusios teritorijos dagni
melioracijos griovi O iDi ddiiraamas dgemdstOpladtiuad ke .mas
ortofotografinio gemalapio kameralaus intTgrpmet awizmd
paroda, kad MEL_ _DR1OLT duomenO®O rinkinys tinkamas pr
ti ksl esni rezultatai gaunami tai kant ORT1O0LT ortof
Pati ki mi ausias melioruotO gemi O bl kla&s vertinimas pas

Rei kgmi ni Mel godgcaja, ugmirkusios teritorijos, ORTI1(
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LONGERM ANNUAL VARI ABILITY OF NI TROGEN AND F
CONCENTRATI ONS AND ESTI MATED LOADS I N THE NE
DURI NG i20@H4

Sinil ga alJeurrmgu ltiaemBabiliena
Lietuyvmwowsriljnos Kolegija Higher Educatio

Abstract
This study-tassmeasaeadalorwgriability in nitrogen and
ds in the Nemizh®az4 .Ri Ve admualiynwgi 2 0Wds based @gheannu.
tions andi betaected. magtal tmitroN)en t(datNgl, mhdg@mhaer
ual di scharge and estimated annual -‘NNcamdehPrlao aw:s
hest and most-rvaerabltataohPB2howéd!| @ | ess pronounc
relation analysis indicated generally weak relatio
ni ficant positive correl aiNi.orEssetdd eaadcueaeld ToMlandtT S
arer spatial di fferences than concentrations, witd!@
orded in the middle reaches. The Neris andlPNdwadqi s
nges iSih rteheec hS,2 i ndicating the importance of tribut
eparation of SPelhdtvoead ¢ghadindrnntr.ogEme study shows th
nsuf f iesicarntbet mud ri ent pressure in | arge river systen
easonalsaaldeerventi ent t sport could not be assesse

Kewor:dl@emunas River; t I nitrogen; total phosphor
contr i butteironm;monointgor i ng;

n —"no-"o0unuoocovun —
oM — T o0 T3 o0

ran
ot a
PCA.

I ntroducti on

Ri ver systems are important pat hways ' i nking
cosystems and coastal waters. They transport wa
nd phosphorus compounds,r svha fc he watrreo mphmomat it chre inre
nvironments (Gonzalez et al ., 2025; Kant amaneni
atur al cat chment characteristics and ant hropo
enhsification and wastewater inputs (Zhi et al .,
Nitrogen and phosphorus are particularly impo
e a al owt h, oxygen dep

e

- 3> D® 9 D

gr etion and degr ¢
and orgari oi nir tok)egiest NdOfotr enrs , a whii mgo m
sportuse aagtréltmentus al Plmodpmo xed i s
reshwater systems, and ewam rcelndatrii u
cation (Correll, 1999; Rabal ai s, 20009
uropean scal e, nutrient concentration
decades. |l mprovements in wastewater trea
t inputs in mamyalr epildmug,i omu tr edniafi fniss eana g |
(EEA, 2024, EEA, 2025) . Previous studie
ng on catchment l and use, hydr ol ogi&c al Y
ti, 2011 ; Mi naudo et al , 2019; Dupas et
The Nemunas River is the | argest river in Litt
e Curonian Lagoon and -tteren Baaslsteiscs m@end. oT h enruetfra
ads in the Nemunas Rianai ngs pompattaht ntiori emit
osystems. Although the Nemunas River basin ha
intly assess annual nutrient concentratirove,sr e
annel and the role of major tributaries remain
Most -tleaommg moni toring datasets are commonly ava
are useful for assessing broad temporal and spat
cannot describe seasonaldaidlyywanmionst,scthihatgido neg ke a
Neverthel ess, annual dat a can ptreorvm dneu tar iceonnts ivsatre
monitoring stations and identifying river sectio

Therefore, the aim oft etrhmi ansntulmdy vvaa s atbad |a stsye s
trations and estimated anna@®@24. ohhe dthudy e
I di f f ersdreare smoanmidoogsi, mgrn esltaatti onshi ps bet we
t concentrations, the contribution of ma
re of nutrient concentration patterns usi
51
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Materials and met hods
Study area and.Tnoenisttourd yn gwasst actoinodnusct ed i n t he

river basin in Lithuania and one of the main ri
Baltic Sea. The Nemunas River drains iang aa grhincewnlt
areas, urbanized zones and forested retgéegromsanimihe
variability in nutrient concentrations and estin

Five-tleomgmonitoring stations | ocated along th
for analysis. These stations represent the upstr
Station S1 representdcdi @dc er iuwesrt reeaant ipanr,t sotfattihen ss
section, and stations S4 and S5 represent the d
Lagoon.

To assess the contribution of major tributari
tributaries were included in the analysis. These

bet ween S1 and S2, thlee wbelmy S @M3) ,S3e ntaenrdi ntghe
entering between S3 and S4.

S o WL =
N6
3 Kautiolapsk=
7} OoK)
. AR, VRRESY
Nemunas River (main stem) — solid blue line f ’ =
Major tributaries — blue line WANIPY
Main river monitoring stations (S1-S5) — labels BAI
Tributary monitoring stations (N1-N5) — labels s
Flow direction — arrow
) S]
50 km I
hoau

Fi.gyLocation of the Nesnuemmmsmdnivtes rilbml i aafh d tmiad ms
maj or triiNB}Yaries (N1
Source: compiled by the authors

Data sources and watEhe qamdliygi spawasnebasesd or
dr ol ogi cal datia024r oheaipreed odr @ 0tlhe nati ona
taset included mean annual di scharge (Q,N)mj s
t al phosphorus (TPYN)andOnhiyt ryaetaer sniwtirtohg eaav a(i N@Q
ncentration data were included in the analyses
Because the study was based on annutadr nmeamn we
ariability and spatial di fferences among moni't
concendrathange relationships were not evaluated
Nutrient | ofAandn ucaall cnuultartiieoont | oads were cal cul at
and corresponding mean annual nutrient concentra
present integrated nutrient tprraomascpho ra | | aotw s e aacsh
trient export that accounts for both concentr a
Statisti.Cplataanbl gsfserences in annual nutrien
among monitoring stati onpsarvwaenred r Vsl &Kg sesdt aissti. n gT ht

hy
da
t o
co

<

5 =
c oD
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[N

el ected because environmemdrathalmodii dtorrii mgt dansa a
mong stations.
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cumul ative contribution of the river basin.
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Spearman correlation analysis showed generally weak and statisticalfignificant relationships
between annual discharge and nutrient concentrations (Table 1). Significant positive correlations were

onl

y

consistently explained by discharge variability alone.

a t-N. Sts indicatesthak nnual ndtrienW Ebncentrations were not

Table 1
Spearman rank correlations between discharge (Q) and nutrient concentrations at Nemunas River
monitoring stations (2001 2024)

d

~

C

Station TNvs p-value TPvs p-value NOs'-N vs p-value
Q (1) Q (1) Q (14)
S1 0.28 >0.05 10.14 >0.05 0.23 >0.05
S2 0.05 >0.05 0.13 >0.05 0.09 >0.05
S3 0.14 >0.05 0.09 >0.05 0.29 >0.05
S4 10.15 >0.05 10.05 >0.05 0.07 >0.05
S5 0.52 <0.05 - >0.05 0.61 <0.01
Source: compiled by the authors
However, esti mated annual nutrient | oads -i nt e ¢
based analysis was used to evalwuate spati al di f f
Esti mat ed annual TN and TP |1 oads showed cl e
concentratiglfbelgl. owest |l oads were recorded at S1,
occurriesdl.atTh$as pattern indicates that annual | 0
downstream increases in discharge.
TN and TP |l oads were positively cjorx e0.apG&,d at
0.001), indicating similar annual | oad variabi i
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MarnlKendal | analysis did not-téemectresdati ot iTdNa

any station (p > 0.05). A weak i ncl e=asbiug9 )tte nwaesn
statistically signdudlitcanitndipcat &€ .t0ba&t) .i Mtheersan rwea
t han-teomgmonotonic change.
To evaluate the role of major tri butstrdamsst athis
were compared with tributary inputs (Table 2).
Taba e
Medi an contribution of major tributaries
al ong the Nemu2@234Ri ver 2001
. Median Medlan Median Median Medlan Median
Reach . Malr! TN tributary explained PpTP tributary explained
tributaries (t yr TN load TN (%) (t yr TP load TP (%)
(t yr (t yr
szs1 ,'\\l'ee”\s/ +5gi 28 600 15 400 48 867 630 74
S3S2 Dubysa 10 900 1 300 12 69 27 26
S4iS3 Jira + i956 5777 150 241 198 82
Values exceeding 100% indicate that tributasyemnptuasi erRsear
therefore should be interpretéeéddl|lanciendciscatmave .rather than :
Source: compiled by the authors
The strongest tributary ©Solntrreiabcunt,i owh ewaes tohbes el
rive explained approximately 48% of TN and 7¢
relationship between tri buwtaroyjmsiimrgwtng .anmdilsoasd g
changes along the river cannot be explained by t

55



A limitation of this study is the use of annu
and daily idiosclkeatgati ehati onships could not be a
an assess-menm ahnbueahgverri & @ialm tsyworitent transport

PCA was used as an exploratory analysis to sur
The first two principal components explained 97.
and PC2 for 33.4W (wWeirgtynba)is.s oTdNi atnaeld NOi t h PC1, whe
related to PC2. The PCA plot showed partial sep
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Di scussi on
The results of this study show that annual nui

di fferent aspects of nutrient vari-Mbddndentirnattiha
hi ghest and most varldabaelcas*.s S2r,owhenead dsfatsihal
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nitrogen and phosphorus behaviour haert beemc e ripro
and | oads may respond differently to catchment ¢
variability (Bouraoui & Grizzetti, 2011; Minaudo

The we ak andsigoasfligamtonrel ati onships bet wee
concentrations indicate that concentration patte
al one This finding is wongi shaenhtidiwethapgevi elnat
| arge and heterogeneousl ichaetacrh noern tvsa rniaayb | bee oweeark ,t
Stonevilius et al ., 201 4; Chen et al ., S20@Ré&tywedn
di scharge and concentrations -NverTehidse tmay esdu gpgnd syt
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I NVESTI GATI ONS OF THE PHYSI CAL AND MECHANI CAI
REI NFORCBNCRETE SLABS USED FOR SLOPE PROTECTI ON
WATER LEVELS

Rai mondas GadzadwiiluisusRamskenaf{ Dauisfici o
Li etuvos i ngHingehrerj oEsd ukcod, Pigai r$ alwn Utnii tvetrisoanny of Li

Abstract
Continuous exposure to -cwantcereteantdamage esei Whemc e

concrete structures of structures in service, the mai
principal duriashiilcist wyfcltaomaated e are strength, watertic
environments.

This article discusses the results of investigat:i
of rei-mdmarcetde sl abs usedatsdo nr aipmfoomr sd otplees $ti It lhien @
node in serviobeai Mkd sBhBeswktsthat when concaarncr eptiee
structures were used as specimens for testing, the ¢

ter absorption of the concretfereptecli eneinst asmce 5010 %t |

om 3 series were

wa

fr tested, with 3 specimens in each
thawing cyclesesAStancehéeestpsthe compresei s@est mem
decreased by more than 5% compared with the compres:
concrete did nesi pasasce heedtrosThe | argest change bet
the control9.dpedMPmensan(dl the average compressive str
thawing (17.07 MPa) was 11%.

Kewor:gad®ncrete strength, frost resistance
Introduction
Lithuaniads climate differs considerably acro

according to average and extreme {f@mperature values. The effects of the environment on construction
materials and structures are very varied andortunately, in most cases negative. The durability of
structures in service is especially reduced by cyclically recurring positive and negative temperatures. In late
autumn, winter and early spring, 50 to 120 cycles per year are recorded when thperatian fluctuates

above and below 0 °C. Such temperature variation occurs not only in Lithuania. Very similar temperature
fluctuations also occur in neighboring countries. In the Scandinavian countries (Norway, Sweden and
Finland), because of extremelgried terrain, a large geographical extent from south to north, and the strong
influence of the Atlantic Ocean, the number of cycles of positive and negative temperature fluctuations
ranges from 25 to more than 110 cycles per year.

Such temperature fluctuation is very dangerous for materials whose pores and capillaries are filled
with water or agueous salt solutions and in which the liquid state changes into a solid during freezing. Water
has a great influence on concrete strengthas been established that when water turns into ice, its volume
increases by about 9%. When water in the pores or capillaries of a material freezes, the expanding ice create
high internal pressure, which gradually destroys the material structure,gcatesiking and an increase in
porosity; this mechanism has been linked to hydraulic pressure, ice growth and moisture movement in
hardened cement paste. The rate of deterioration depends on many factors: the degree of pore saturation wit
water, freezingamperature, the strength of the material skeleton, and others. When concrete structures are
continuously exposed to water, the water can gradually damage the concrete surface, as a result of which
mechanical and chemical corrosion may begin in the condrbteeffect of water influences the degree to
which concrete is filled with water.

Frost resistance is considered the principal durability characteristic of porous building materials: it is
the ability of a saturated material to withstand repeated freezing and thawing cycles and to change no more
than the limits established by the stamidan addition to the number of cycles, international research
emphasizes the critical degree of saturation, because ifteazaedamage becomes likely when the pore
system contains enough water to generate damaging internal stresses (Fagerlund, 19417; 2012).
According to the requirements of standard LST t42&pplied in Lithuania, after the specified number of
freezing and thawing cycles (marked by grade, for example F100, F200 or F300), the properties of hydraulic
concrete may change by no radhan 5% for reduction in compressive strength (compared with control
specimens) and 3% for total mass loss due to scaling.

The durability of widely used construction materialsoncrete and many concrete and reinforced
concrete structures (road and aerodrome pavements, dams, water treatment facilities, bridge supports, an
sea and river quays)s also determined by the frost resistance of concrete. Therefore, when certifyinrg ready
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mixed concrete and concrete and reinforcedcrete products, and when designing concrete mixes, it is
necessary to determine the durability indicator of concrete: therérsistance grade. Durability assessment

is also closely related to the transpdrtwater and aggressive ions through concrete, because sorptivity,
permeability and other permeation properties control the ingress of moisture and salts into the pore network
(Basheer et al., 2001; Hall, 1989). Control of concrete frost resistance barstamethods, based on cyclic
freezing and thawing of desigrength specimens saturated with water or salt solutions, require
considerable time and financial costs as well as special freezing equipment.

This article examines hydraulic concrete in the lbadring structure of a structure in service. When
investigating structures of hydraulic engineering works in service, most attention is paid to concrete strength.
The concrete of such structures musstieng, dense, watertight, frost resistant and resistant to aggressive
environments. Therefore, it is necessary to evaluate the physical and mechanical properties of concrete anc
to identify the measures required to ensure durability.

The aim of the work is to determine the physical and mechanical properties of the concrete of
reinforcedconcrete structures in a structure in service, using irregularly shaped concrete pieces detached
from the structure.

To achieve the aim, the following tasks were formulated:

A identify the most dangerous factors for concrete structures whose surfaces are in constant contact
with water;

A perform concrete strength tests using irregularly shaped concrete pieces detached from the
structure;

A investigate the frost resistance of concrete according to the strength of specimens saturated in
water and frozen.

Literature review

There are no materials that are absolutely resistant to external effects; therefore, any structure or
structural element in service requires maintenance. The environment causes corrosion of construction
materials and structures, biological effects, and/@kes erosion. Erosive effects are mechanical in nature.
They may include water, temperatuneluced deformations, abrasive processes, and other effects.

Water can penetrate and wash out the constituent particles of concrete. As liquids containing sulfates,
usually groundwater, penetrate into concrete, the sulfates can cause concrete corrosion and deterioration o
cement stone. The rate and extent of swathribration depend strongly on water transport andsigéace
concrete quality (Basheer et al., 2001; Hall, 1989). When water is absorbed, evaporates, or freezes and thaws
the structure deforms and additional stresses arise, which can enlarge dzistagg or cause new damage.
Concrete may crack or fail due to stresses caused by temperature changes and differences as a result ¢
alternating tensile and compressive stresses. Abrasive erosive processes are causeubiogersadd, rain
and dust, whicHoosen and carry away particles from the concrete surface. Water that accumulates in
irregularities, pores and cracks, especially when it freezes, causes additional deformation and stresses an
destroys the concrete surface. In this way, a whole compleposive factors begins to act on structures at
the same time. The most extensive damage to concrete and reirdfonoedte structures and their elements
occurs because of provoked erosion. There are many possibilities for provoking it.

An aggressive environment causes the following damage in concrete and rehofurcezie
structures: 1) cracks appear along the reinforcement; 2) concrete detaches at the corners and edges of tt
structure; 3) the protective concrete layer spalls offfélhdorcement becomes visible and corrodes.

Smaller concrete defects caused by the environment are also observed. These are point detachment
of the concrete surface layer. They occur because aggregates expand under the effects of corrosion
temperature and moisture. Similar to limestone in ceréniks, aggregates also damage deeper layers of
the structure. Such defects are difficult to repair, because they cannot be removed from deeper concrete
layers, and the concrete continues to deteriorate.

Concrete and reinforced concrete consist of inorganic materials. However, they can support the life of
certain organisms and especially plants. There are many species of lichens, fungi and algae that can live anc
multiply on concrete. Dryot fungi can sprad on and inside the concrete surface. These fungi, like lichens,
have deep roots and severely damage the concrete surface and the internal layers into which they penetrate
They usually attack poayuality concrete with open pores and voids, especiélly ¢ontains soluble
substances leached by water or other liquids. Hydraulic concrete is most often affected by them. Fungi can
also spread in other structures if they are in zones of variable moisture and are not illuminated by daylight.

Investigations of concrete compressive strength are performed by destructive ahestmoative
methods. Nofdestructive compressivarength tests are performed according to standard LST EN-2504
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ATesting concrete -destsntuatcitwe etse stPiamd. 2De tNeormmi n a
device based on the elastic rebound principle: the Schmidt hammer.

Of all known nordestructive methods for determining the strength of concrete in structures in service,
the most reliable test@re carried out by pubhff and splitting methods or by testing irregularly shaped
specimens detached from the structure (Gadzevili

When testing specimens with unlevelled surfaces that have detached from the structure and are
irregular in shape, cylindrical steel di es with
Mikuckis, 2005) indicates that when irregularly shémpecimens are tested with flat 200 mm diameter
working surfaces, the concrete compressive strength obtained is approximately the same as that of standar
100 mm edgédength cubes tested ltlge standard method.

During the operation of hydraulic engineering structures, hydraulic nodes, reservoirs, quays and other
concrete structures that are constantly exposed to atmospheric effects, one of the most important criteria
determining how long concrete will serve isethesistance of concrete to freezititawing cycles.
Deterioration of concrete due to fréggthaw cycles eventually causes corrosion of reinforcing steel, which
destroys and weakens the entire concrete structure. Water enters concrete through cracks, microcracks, pore
and capillaries. Even higfuality concrete with low water absorption can bendged, because during
freezing water can appear in the concrete through condensation when moisture present in the air separate
out. For this reason, fredzbaw cycles can damage even dense concrete. The main cause of concrete
deterioration and cracking that the volume of water freezing in the pores increases by up to 9%, causing
internal stresses; reviews of concrete exposed to cold climates identify saturation level, permeability and the
air-void system as central factors controlling frost resistéiRiggeon & Pleau, 1995).

In Lithuania, the main method for determining the frost resistance of concrete is the volumetric
freezing and thawing method, regulated by national standard LST174ZBhis method determines the
frostresistance grade (F) of concrete, which indicatesninenum number of freezing and thawing cycles
that the concrete must withstand without significant damage. Depending on the intended use of concrete
products and the applicable European standards (EN), the following methods are also used alongside the
volumetric method: the orsided freezing method (according to standard LST CEN/TS 12396 Re s i st a
to cyclic freezing and thawing. Scalingd) and th

The onesided freezing method is applied when evaluating the resistance of the concrete surface layer,
where one side of the structure is subjected to freezing cycles and thawing salts. It is most often used for
transport structures and bridges.

The surface scaling method is specifically applied to concrete paving blocks, sidewalk slabs and kerbs
(according to LST EN 1338, LST EN 1339 and LST EN 1340), by measuring the mass of material detached
from the surface.

When determining the frost resistance of hydraulic concrete in Lithuania, the volumetric freezing and
thawing method according to standard LST 14Z8s used. For a hydraulic engineering structure operating
in a freshwater environment, the minimum conterdrostresistance grade is F200, while in a fluctuating
waterlevel zone it is F300.

In the concrete frogtesistance control standards of other countries, tests are accelerated by using a
3% NaCl solution for freezing and thawing specimens (Germany, Austria) and rapid freezing of specimens
(Germany, Switzerland, USA and Finland). In saoentries, the resistance of the concrete surface layer is
checked under cyclically repeated positive and negative temperatures-iaimydegents: NaCl (Austria,
Germany) and CaCl2 (USA). Salt scaling is a separate but related durability problem, arichendal
reviews have shown that its development depends on the interaction of freezing, surface moisture, salt
solution, paste microstructure and-anid protection (Valenza & Scherer, 2007a, 2007b). However, the
latter methods have a number of disadagas: complicated specimen preparation and considerable time
requirements. Indirect frosesistance testing methods, based on determining the dependence of certain
properties of the concrete mix or structural indicators of hardened concrete on the otifrdexting and
thawing cycles, are not widely used because of their relatively low reliability and the need for special,
sometimes complex, equipment.

The reviewed international | iterature therefol
concrete element$tevelaziohect habishgdwat@abdi | ity sho
absorption, densthyl ogo iviplirdews rsci yveele istg,enagnd t he | i |
has reached or exceeded a critical degree of sa
1995)
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Research method

The object of the sthadpiins aphenslodépbydoisohe m
(Alytus District), whiedhomareetreeisnlfaolrsc.edThwa tpho maoe i
earth dam is 245 m | ong anydpe8 anm dwiwdaes. i Tnhset aslpield w

The compressive stcengthtefslithlkes refi nfbecagdr

during the tests. l rregul arly shapendc rpdteec es| aolf
made ofgrcadaresde cement comicmene fwenr et easteidn@s( Bipe.
were crushed into smaller pieces. Concrete piec:e
testing, uneven surfaces covered with algae or d

Fig. 1.Irregularly shaped concrete pieces for specimens
Source: compiled by the authors

The volume epethmenowasetal cul ated using the

V :M, ( 1 )
rvand
whenNevol umemdmanss of the samimassedobtpehéemsepecigmen
Determination of concrete water absorptidine actual water absorption of concrete specimens was

determined in accordance with the provisions of the Standard (1997)
W, =Mdoo, (2)
m
wheWg wat er absor pti omgdonfa stsh eo fs ptehcei nseangi;mla;s € do fs pte

dry specimen, g.
Determination of comhlte etdensiptexi menddeasheg. c

rei nfcoornccerdet e structures of the hydraulic node w
Standard (2019 a). The density of the concrete s
="M (3)
\%

wheriedensidnyimaés of the s aWuwaltyende ns peci men

Preparation of <conct#retséd sd mlahariened rssetrfioengi ttoffe tsprem
speci mens in each serieesiwstaenpeepastd Tbe fhe
speci mens was determined by applying the vol ume:
requirements ofl 7srtalgndlaardl W SsThdptd concrete piece

Concrete specimens were immersed in a bath of
were saturated as follows: on the first day, enoc
speci men height. The speeci hkeps dover2eld hi.n Tthleins e\
cover about 2/3 of the specimen height. The spec
water was added so that al/l speci mens wer eveompl
the specimens and on all sides was at | east 20 nm

24 h B erfemsries tfarnocset det er mi nati on, the saturated
to 4 h after remowalef pbmctelei matahfrtelrei ng chamb
at the centre of th#8NReACinfgtchhmberempdr abube,
not |l ess t hanr es.ibs tha.n clef tdeert efrrmisneat i @emo v @ ch ef rsqm c i
chamber and placed in a bath with water at 18K5
2N0.5 h. This was repeated for the required numb
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The frost resi stance of concrete is determine
determined in aENolr283aMCenwi ehelLS&dmpressive stren
irregularly shaped specimens with concave dies (
centering equipment (Fig. 2).

=

Fig. 2. Specimen centering equipment and irregularly shaped specimens with concave dies
Source: compiled by the authors

The tested concrete pieces were of such a siz
The speci mens weredpaepdeedr ameld ciemtt he | iteratu
of the | ongitudinakbr eadx issp eocfi mehne ddiide sn ootf etxhcee ecde nOt
pl anes of the contact surfaces was 0.005 of the
mortar whose compressive strength wascappeoxi mat

The compressive strength of concrete in irreg
calculated using the formul a:
=t (4)
A,
whefifecompressive strength of concrete in an i%rMPauyl;ar |

Fidestruct;iMver bsseacdd i onal area of ,mnie die with the spec

I f concrete has been in service -$bremgtl itdamn
be reduced by mufacpbyingeb¥i ¢cihentt,i mehich is 0.
deeper from the surfaces is | ower.

Eval uati on of concrete frost resistance and
compressive strength of a specimen series (3 spe
cycles is equal to or notremsieectlsamebh®t howér thke
concrete is consi der-reasitsot amacvee tpeasss e dT hteh ec hfarnaset
concrete speci-megisstadnee ttdaet firoscal cul ated usin

fo-f .
Df = _9m __kem 90Q: (5)

k,cm
wheesféchange in compressive strength of concrete
specifmelmsv;er age value of the compressive stesngt,
MPafy, imverage value of the compressive strength o
cycles, MPa.
| f aft-eestbeanhcoestest , the compressive stren
5% compared with the compressive strength of thi
resi stance test.
Results and discussion
The results of the specimens prepared and tes:

- 7

results of the investigation of the volume, wate
For muihaeate presented in Table 1.

According to the results of physical i nvestig

n fcoornccerdet e sl-abdost i ontblkeaoneéel edf the hydraulic

I ow

2396 kg/ mj. The highest density is 2458 kg/ mj
ghest water absorption of concr8ta8%yvasTlet av er
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absorption of the specimens of all/l three series
norms, the water absorption of concrete should n

Compr esstsrievnegt h t ests were <carried out during
compressive strength, three series of specimens
The results of detsritamnugtthr vteegutdsapaifeys sihmeped concr et
in Table 2. Control specimens and specimens afte

The obtainedt cemptrieswsalvees of the speci mens (T
drops below 0 AC, the water in the concrete pol
determined by the difpetéarieszeasot helhedpor eas:
water and the walls of the capillaries and pores
in them decreases.

The specimens of Series 1 had the highest ave

average compressive strength after freezing and
change in compressivenstraéngrhfofrelemigeantd ¢ paawi
strength of the control specimens, was 4.2%. The
2400 kg/ mj. The average compressive stremags homf
average 9% higher than the averages of the contr
Table 1
Results of the investigations of volume, water absorption and density of irregularly shaped concrete
specimens
I Physical properties of sampl
Sam e s
P m g m, g ms, g V,c m Wn, % AkgPm
-1 998.1 589. 3 951. 3 408. 8 4.9 2442
-2 1325. 761.9 1239. 563. 1 6.9 2353
-3 1299. 759.5 1213. 539.7 7.1 2407
| -L 955. 5 566. 8 917.7 388. 7 4.1 2458
| -p 1300. 749.9 1200. 551.0 8.3 2361
| -B 1256. 731.7 1201. 525.0 4.6 2394
| ¥l 1249. 730. 8 1200. 518.5 4.1 24009
| 121 1820. 1041, 1720. 779.9 5.9 2335
| #31 1559. 910. 3 1459. 649.0 6.8 2403
Source: compiled by the authors
Table 2
Change in compressive strength of concrete specimens after 200 freezing and thawing cycles
. . . Strength after Mean strength after
Sample serieg Control specimen| Mean control specimen N . Strength
/ No. strengthfkc, MPa strengthfx.cm MPa freezé thaw cycles | freezé thaw cycles changeeef, %
i ' fy , MPa fg , cMPa ’
-1 24.3 26.3
-2 18.6 20.73 17.2 21.60 4.2
-3 19.3 21.3
-1 23.8 22.1
-2 15.7 18.73 13.9 17.07 -8.9
-3 16.7 15.2
-1 18.9 16.8
-2 16.1 19.17 13.6 17.07 -11.0
-3 225 20.8

Source: compiled by the authors

The average compressive strength of the contr
verage compressive strength of the frozen and t
trength of the concraver ageccommmse $si Be 9t renegt
peci mens is | ower than the average compressive
he control specimens in Series 2 was 2404 kg/ mj

The | argest change between the average compr e:¢
compressive strength of the frozen and thawed s
average compressive str@®2ngfttheroff rtéezismpege ca mae ntsh aow
| ower than the average compressive strength of t

I f, aft-eestbeafhcest est, the compressive stren
5% compared with the compressive strength of thi
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resi stance test. Fig. 3 shows that the compressi
resi stance test decreased by more than 5% compar
Theoncr etdei ¢ omdtr oprasssi ¢thaeen dea otsd st

4.2

limit

Compressive strength change, %

-8 4

-8.9
-10 4

-11.0
Series | Series Il Series Il

= 7 4

FigCh&8nge in concrete compressive strength a
Source: compiled by the authors

Conclusions

1. Using irregularly shaped concrete pieces for testing, the concrete density of the reinforced
concrete slabs used to reinforce the banks of the @attion channel of the hydraulic node was determined.

The results obtained showed that when concrete pigetched from reinforcembncrete structures were
used as specimens for the tests, the concrete density ranged from 2335 to 2458 kg/ms3.

2. The water absorption of the investigated concrete showed that the highest esmecaten
absorption was determined for the Series 2 spe@n®8%,; the lowest concrete water absorption was
determined in the Series 2 and Series 3 specinédri. The aveige water absorption of the specimens
of all three series was 5.9%. According to previously valid construction norms, concrete water absorption
should not have exceeded 7%.

3. When testing irregularly shaped concrete sp
compressive strength of the concrete speci mens d
of the control speci mense dtehtee rdneicnreeda sbee fwoarse niohree tt
concrete did nerteswistthasntcaen d etshte f r ost
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KI NTAMO VANDENS LYGYJE NAUDOJAMO GELGBETONI NI O PLOKGI
FI ZI MIEEHANI NI &8 SAVYBI ©® TYRI MAI

Anotacij a
Nuol atinis vandens poveikis gelgbetonindms konstru

gel gbetonines konstrukcijas, daugiausia damesio s kil
pagrindinad ilgaamgiyglkwumd i plrdrsag k tneed ias tdiuknas vandeni ui ,
Straipsnyje aptari ami ekspl oatuoj amo hi dromazgo i g

plokgli O betono fizikiniO ir mechanini O savybi O tyrinm

gel gbetonini @ 1kKkarsd tursu keitjod oatgiatbal us kaip bandinius,
Betono bandini O vidutind DfH&ario rei kgmd 5,9%. Betono
kiekvienoje imtyje. Bugygabdpthgti rbanhdi hdgmopoi RDO®. Ti
bandymo bandini® stipris gniugdant sumagajo daugiau
Tirtas betonas atsparumo galliui i arody mo On diaqldd ink &. v
gniugdant (19,17 MPa) ir po uggaldymo ir atgildymo ba

Rei kgmi ni:het gndgsaipris, atsparumas gall i ui
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KELKRAGLI O KONSTRUKCI JOS SPRENDI NI Al Il R JO | TA]

Regina Motiena

Lietuvos inginerijos kolegija

Anotacij a

Pastaraisiais metais Lietuvos keli O infrastr.:t
transporto sektoriaus srili®. Didéajantis automob
| emia spartesnDZ dang®| yg®©i dd w@yjaij mMNbeiTodabmo i ek
rei kgmads keli O rekonstravimas tampa biltina sNIyg
standartus.

Siekiant ugti krinti pati kimN transporto judaj
racional O kel kraglio DZengimo konstrukcijos spre

moderni zavi mN. )
Rei kgmi ni zElntgodgnas e ks p erptoirning sv erktsipreirmd nb Isc
daugi akriter i njiesmavse rstainnkiansoa ,b Tadsafsa,l t o danga.

Jvadas

Didajantis sunkiojo transporto srautas ir K i
i ggl ki O keli O infrastruktiros ilgaamgi gkumui . S
sutel kti ddmesDZ ti k DZ pal iakt |vadkiauodsamiNgD¥ wvdaail dD@
konstrukcijos stabilumN ir eismo saugumN. Kelio
konstrukcijos stabil umN, todal ti nkamai pasko i n k t
sunkiasvorio transporto apkrovas ir ugkerta kel
alternatyvis kelkragli O DZengimo sprendiniai, | e
pail ginti keli O tarnavimo | ai kN.

Tyrimo problemd kaipdi daj ant sunkiojo transporto apkrovi
racionalius alternatyvius kelkraglio konstrukeci
kel kraglio sandliros) stabi | unjinsbeieromijgixi rst O kel i K

Tyrimoobjektasa |l t er nat yvi os kel kragl i O DZengi mo kons

Tyri moiltg&mdlaiszuoti ir D&Zertinti alternatyvi us¢

Tyrimo ugdavini ai

1.1l dentifikuoti ir apragyt.i alternatyvius kel

2.At 10kt kel kraglio konstrukcijO DZengi mo sp

Tyri mo metodai :

1. Daugiakriterinis naudi ngumo vertaskem&tradas
konstrukcijos parinkine ar i ant o sprendi mN pagal pasirinktus k

2. Entropijos met odas tai komas nustatant kel
projektini® sprendimO vertini mo kriterijO teorin

3. Ekspertinis porinio pal ygini mo met odas t a
nustatymui.

Kel kragli O DZengimo technologinio aIternatyvO

Analizasi gsikail glsi nti, kuris ig gaIimO kel kr a
ekonomi gkai ir eksploatacijos atgvilgiu raciona
atliekama alternatyvi ODZpréendant OdeEkWgidmearndgaii snNim:
gm. vamhedhmni zmO dma d.ovasINn/amideigdenigi Mar bo sud&tin

Rekonstruoj ant keli N buvo parinktos keturios
gal ima tai kyt.i kelio kelkragli O DZengi mui . Gi o
vertinimo kriterijus:

A DengkmcErUN?/(nKl)

A DarsoNnagmawal ./ m] (K )
A Mechamndiazshkbn ama@®sv aK.) mj
A Dengmasd/(nqg )

A Darbo sud@Ki)hgumas

Kel kraglio sut vi(@tVvine nneass isk an algrgioh 2j amO kel kr a
variantO yra kelkragli O sutvirtinimas skaldagol 3
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keli © rekonstrukcijose ir naudojamas tiek kaip
pavirgiaus sluoksnis.

Skal dagol as kel kragliui naudoj amas nesurigtas
pagrindini O komponent O: apie 85 % skaldagoli() (s
kurios pagerina pavirgi @wd enlgDIBurgI\aklnlytsuda/ln@iBi‘
UGPI LDAI 19 rei kal avi mus dal frakcijO granulio
nesurigtiesiems miginiams.

Kel kradglio virgutiniam sluoksniui DZ engt i gal
11/32 (kai sluoksnio storiig OmB,ch) 161arbha (kaile6
siekia apie 5 c¢cm). skFreorjsekntiusoj mun®dl ykdeilsk r myma tOo ma
formuojamas 3 c¢cm gemiau asfaltbetonio dangos bri
ugti krinti efektyvO vandens nuvedi mN.

Kel kraglio apatinis sluoksnis gal. b1t DZ engi
upi O, kuri © naudojimas atitinka galiojanlius
i kalavimus. Jrengiantgl|tiioeks IvuiorkgsuntiiunsDZ btliteikn aa pu
dgnumN, kokybi gkN sluoksnio igskleidimN ir pal
akcijomis.

Api bendrinant galima teigti, kad skaldagol as
ir techniniu pogilriu tinkamas variantas kragtoc
paprasta priegilr iraat maimst i mi nor matyvini ams

Kel kraglio sutvirtignAsnfasl| tausofteol tlbeltloma @l i(0A ko
nagrinajamO alter tyvO, kuri gali biti taikoma
| ai komNj N gebN, a ar umK deformacijoms imetl gae
kai eismo intensy as yra padidajns, o keliu na
glio konstrukcijil pmpA&stldi
sPSracBba AC 2BRs a3 ppaogrreiinkd
i DZ engi amas papil domas s

0o - Q
= = @ =

Asfaltuoto kel
asf a t oni S
asfa to b
Kel i s formu01am vienoje gl ckgtgemo jael § 0 SV

) kkmai 2a®t pavirginio vanden
u N kel kragtbDZ bitina wugtikr
emul si jN sukibimui p erinti ir | aikytis asfalthb
DZ engi mas reikal auj aidpsai & idaudbdtoos Nnaalkdi. kos i r

Asf altuotas kel kragtis pasi gy mi didesne | ai ko
tarnavimo | ai ku. Taliau gis sprendinys yra branc
drenago sistemos. Todvadr taisnfaanhatsu oktaaisp kveil eknraa gitg sg &
bus |lyginama su kitais kelkragli O DZengimo spre
projektui

Kelkrag!i sutvirtinigmdisengaesogirpt emlaig®i pajoama@

ternatyvO ra kelkragli O sutvirtinimas poli mer

uoksnis, padidinantis kelkraglio | aikomNjN geb
a vej ai s, k ai kel kragtis patiria padidintas apk:
DZ engi amos vadovaujantis KTR 1.01:i28D282 T&IAK &GIRd
geosintetiniams gamini ams.

Kelio kelkragliuose naudojamos polietileno (H
il gaamgi gkumu ir geru atspar uniu ed@kri onasmss.usRad grr
kel kraglio sluoksnDZ ir ealukraggtnits iglrgindaw isdli aikk onl
taip pat pasi gy mi geromis drenaginamis savybami
vandeni ui

Geogrotelas klojamos ant sutankinto pagrindo,

|l t be
|l t be
kragt
nuolydis papg?2aSt %]
jrengiant asfalt

(0]

al y
I a

gvyringo smalio gruntai. Virg grotelas paprastai
suformuoja galutinDZ kelnkuoalgyldDZ pDaavli rayrinuoijrand i%
atsparesnis transporto sukeliamoms def or maci j oms

Pagrindiniai geogrotiegedokiamiudpadimoi mptra viah iuknai
kel kraglio sadimas ir igsikraipymas, geras vande

yra gaminamos ig perdirbsOsHDRPEHLDRPE paki gl
pranagumai s.
Kel kraglio sutvirts)Ketmaisrt ayir® magiinmaj §ddas ke
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|l ai dumu vandeniui, inodal vahdknysi auonwvagda op:

K g
d m
B

O QO x
cowm =
>35S n

a
d
0

N D

r

pavirgius formuojamas paliekant 8 % skersinDZ nu

S u

s |
mi
su

| e
gr

magina erozijos tikimybn.

Kel kradglio konstrukcija paprastai susi deda i
uoksniui gal i bTti naudojami vietiinfiraak cgvnyirso ¢
ginys. Jrengimo met u nsuvwmalNr b ut i ungktaink\r immitgii no pot ipnaasl
tankinimN, kad bltO pasiekti reikiami | ai komos
Pagrindiniai gvyr o miignamgiao DE eslnkgri anpl ikoa i mrai, v agl el
ngva priegilra ir paprastas atnaujinimas. Tal
eiliau deformuojasi i o bei kplaguijldymer i ddi pi @ a

jautresni erozij ai ir goniniams pagei di mams.

| ei
Ver t

me

k e

Alternatyvi O kel kragli O konstrukcijO inginer:i
Alternatyvi O kel kragli O konstrukciim Oanveelritz m,i |
dgia DXZertinti nagrinajamus sprendinius paga
inimN sudaro gios pagrindinads dalys:

A Vertinimo rijO sistemos sudarymas ir
A Kriteri]j nio reikgmingumo nustatymas,
A Kriteri] ktyvaus rei kgmi ngumo DZertin
A Racional inginerinio sprendinio nusta
t odN.

Vertinimo kriterijO sistemos .Kickwvyrmas irg jn@
| kragli O konstrukcijO alternatyvO vertinama p

0
O
[

a

Parinkti kriterijai |l ei dgia objektyviai DZ ertin

k e

s k

Ikrag!ics KKorksytbriiu k Siujdaar yt a tokia kel kragli O kot
A Denginio kainaky(iKteri EWR/ mparodantis T om] r
aitinas reikgmas nustatomos pagal gamintoj O pa
A Darbo sNnaudosiKKiderigmusalnusmakantis darbo

dangos DZengi mui. Reikgmas nustatomos naudoj ant

me

Re

t e

A Mechani zmO darbo sNnapaoodpoK X, emkad.av &lo. /Di|e
chanizmai. Skaitinas vertas taip pat nustat omo
A Denginio masd k¢Ktekysrijkgded m)nusakantis 1 mj |
i kgmads paimamos ig gamini O technini O charakter
A Darbo sudati ngumaisap(ikl)d,i nlaatkeognesrtirjuskci j os D
chnol oginius relkalavimus. Rei kgmas nustatomos

1 Il entel

Kriterijail Kaina, Darbd Mechani i Kel k rmaags|3 Darbo
variantai (EUR/100 atlikimo darbo sN t/100n? sudating
m? laikas mag. vail/ K4 kategorija
K1 (gm. v K3 K5
100 n?
K2

Skal dagol 3% k 536,90 4,20 6,10 27,80 2,00

Asfaltbet dA2) o 3012,45 11,90 4,90 12,60 4,00

GeogrbhebKkiAgt| 171852 28,00 9,00 40,50 5,00

Gvyro migi WMo 57220 5,20 7,60 20,50 3,00

t a

du
ma
ki

Galtinis: sudaryta autoras

Alternatyvi O projektiniO sprendimO vertinimo
i kant teorinbDZent rkcrpltjtecesn)ur@eluk@gjnm m y SMrear & o kmdeskna :
Remi azatent @Iaajee kktro missk & | Dirred mlgssajrmasrmrrrmdl ni O
omen O Pmaftrliicefk manddsina nde n O mart ma Icib@®a o i méthysd dii @
t rPBANNist at omas ki ekvieno kriterijaus entropiijo
timo | ygis. 5. Apskailiuojamas kriterijO teori
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6. Skai

duommaOP( ERntel &) .

avimo rezul

tat ai

pavaizduoj ami i
Re mi a2nteinst @& @ ¢iierkft car maaa iujoa k aiml idauvoi mewiy ¢ ap raandi ni O

grafikai

2 lentel
Pradini O duomen® matrica
Matrica P
Variantai/Kriterijai K1 K2 K3 K4 Ks
A1 536,90 4,20 6,10 27,80 2,00
A2 3012,45 11,90 4,90 12,60 4,00
A3 171852 28,00 9,00 40,50 5,00
A4 572,20 5,20 7,60 20,50 3,00
Xij 5840,07 49,30 27,6 101,40 14,00
Galtinis: sudaryta autoras
Atliekamas pradini O duomenO matricos nR.rmali
Nor mali zavimas atliekamas pagal formuln (1.1);
p =X (1)
I']-SXIJl
Gauti rezultatai sur&g§8milebard@mal i zuot N matr
3l entel a
Normali zuotos kriterijO reikgméas
MatrPca
Kriterijai Altern & N2 ot AR
K1 1,00 0,18 0,31 0,94
K2 1,00 0,35 0,15 0,81
Ks 0,80 1,00 0,54 0,64
Ka 0,45 1,00 0,31 0,61
Ks 1,00 0,50 0, 40 0,67
Galtinis: sudaryta autoras
Pasirenkama vertinimo skal &, pvz., [ 0;10], [ O
rei kpgmeskimakamaearl tiisrkianhoa s Kk BmaL ¥10Ki.t os norkmdltiezug
rei kgmékai | pagparhonpoos? ¢ 40j,:8.5 Y08 57,2 YT2Gauti rezultatai
kriterijO nauidj 4 gluenot enad y i cN C
4 |l entel
KriteaudOngbmbhai s)
Matrica C
KrMijaiA'ma”y Al A2 A3 A4
K1 100 18 31 94
K2 100 35 15 81
Ks 80 100 5 4 6 4
Ka 45 100 31 61
Ks 100 50 40 6 7
x 425 303 171 367
Galtinis sudaryta autoras
Sumuok g ek Kire n asruirjilzraksaii g,r a g oma nepgriedpddiinod i t et O
Geriausias inginerinis sprendimas yra tas, kurio
Sudaroma alternatyvi O kelio tiesimo variantO

ir padar omos

igvados.
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Inginerini® sprendi mO variant

naudingumas
450
400
350

425
303

300
250
200 171
150
100

50

0

Skal dagol as Adfakbeténio a @Gteiog,r ot el i OGket &rmiggi si 0
Al kel kragtis, AA2 kel kragti s, A4

m Balai

1 plavginerini O sprendi mO variantO naudingumas
Galtinis: sudaryta autoras

Pagal&speu'dé)eytulpslkal kirubealj @l«tey\,ktgsmlqwgurrmausdm e

e k s p @rotriipmallZy g me i aNdoN . DZAErgtDbnltklgmlarpgSLkraN |l i uojamos Kkr
bal ai s, kurie ir atsplndatOTasnmbtjlekkstIyW|auI<S| e kevi ikejma
(bal 4l eedita(daugi nama i g krrietiekrginmianupsu pp u bGeektt oysy au e
suragomos DBIneen)tjdAN matri cN (
5l ent el a
KriterijO naudingumas, DXertinus subj ek
Kriteri Kr.ltl.er.l—JO > Matr|Oc*eq
rei kgmich @ m Al A2 A3 A4
K1 28 2800 504 868 2632
K2 24 2400 840 360 1944
K3 16 1280 1600 864 1024
K 4 16 720 1600 496 976
K5 16 1600 800 640 1072
x 8800 5344 3228 7648
Galtinis: sudaryta autoras
VariantO naudi ngumas, DZertinus subjektyyv
10000 8800
9000
7648

5344

3228

8000
7000
6000
5000
4000
3000
2000
1000

0

Skal dagol &s Asfaltbekonim g tGieo,gr ot el i O Gweylrkor anj tgii sn,i o
Al kel kragtis, MA32 kel kragtis, A4

H Balai

2pavngi nserrrlenn/(ﬂrnnnhanutd() nigaDfas $ ubf akt iy treesiikjgni n g u ma
Galtinis: sudaryta autoras
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Anal ogi gkai nustatomas racionalus sprendi mas,
apskailiuotos matemati gkai . orzago tkiikesklviie nau kari d ne:
( b aldaa usg)iinkarmat eruibjj s krteyi vkaguns{ oxigjj Gdaut es kgumaasgomos DZ
matricN. (6 lentel )

6l ent el a

KriterijO®O naudingumas, DXertinus teori
riterijO teor C
Kriter.]| - Y Matrlccag
v % Al A2 A3 A4
K1 17,72 1772,0 318,9] 549, 3 1665, 6
K2 16,72 1672, 0 585,2 250, 8 1354, 3
K3 22, 4 1792, (0 2240, 12009, 1433, 6
K4 21,28 957, 6 2128, 660, 6 1298, 0
K5 21,88 2188, (¢ 1094, 875, 2 1465, 9
x _ 8381, 6366, 3545, 7217, 6
Galtinis sudaryt a autorés
Sumuoj ami kiekvieno kriterijaus surinkti bal a
tas sprendi mas, kurio surinktO balO suma yra d
skai|liavimO rezultaB8mdeipkasvlad.zduoj ami grafigkai
Inginerini O sprendimO variantO nau
9000 8381,6
8000 7217,64
7000 6366,16
6000
5000
4000 3545,6
3000
2000
1000
0 ~
Skal dadgol &s Akfatbetonioa g tGieogr ot el i O Gwelrlor ang tgii :,i o
Al kel kragtis, M2 kel kragti s, A4
u Balai

3 plavginerini O sprendini ® variantO naudi ngumas
al tin

G inis: sudaryta autoras
Atlikus ingineriniBZeerendi mNO dasgaakratekad
turi skaldagoB&881kél bnboti $a( Addpdo, kad gis vari
techninius, ekonominius ir organizacinius kriter
Ti nkami kel kraglio konstrukcijos sprendiniai
susidaryt.i vandens pleigtui (akvaplanavi mui) .
igllginajimo veikiant sunkigaG vsoursiiadna rtyrmaon srpiozri tkuN .
Kel kraglio DZaka kelio dangos stabil umui pasi
A Vandens drNawdadjmarstt pral ai dgi us, stambi agr |
kl asas), vanduo efektyviai pagalinamas i g po dai
kaupi asi pagrindo sluoksniuose, magiersdamdrjmaclig
A Gonind avirmamas kel kragtis veikia kaip papi/l
asfalto sluoksniams. Kai kel kragtis yra nesutvir
i ntensyvaus eismo metu greihima déefsekta@da igilgi
A Apsauga nuo ¢l i fSawtivmor tiimt er k=il jkasa:g| i ai (pv
gvyro/ skaldos miginiais) apispuig9! siakhdmaN pat 0\au
rei kalingas sklandgiam | ietaus vandens nutekajin
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i fail k eajnarttyvi O DZengi mo konstrukcijos
buvo parinktos keturios galimos kelkragli O Dz el
DZ engkiemhkkir:ag|l i o sut {ifr,t ikKelmasaglkiado dagoier tKel knaag
sutvirtini mas geogrcmmﬂkwaguumssmuWArt| ni mas @gvyrt

2. Atlikus inginerini® sprendini® daugiakriter
vertn turi skal da3®l aFalkelr®edagt kad( 4l variant a:t
techninius, ekonominius ir organi zacinius kriter
(A1) yra racionaliausikhel kragkopookdogkthdiukrEedko,y vis
variantas geriausi ai atitinka svarbius techniniu
Kel kraglio DZaka keli o dangos stabil umui pasirei
gonina ataamao @lpisfaagyi mo ir erozijos.

Literatira
1. Automobili O keliai. KBRIiD 0kchh0d0eBatyil smemitas9 d

D1 1833
2. Automobili O keli O ¢gemds darbO atlikimo ir ¢geméas

20m7bal andgi o 3Vvdll1D&sakymu Nr.

3. Automobili & keli O standartizuotO dangO konstrukecij (

sausi o 25 HBakymu Nr. V
4, Automobili O keli O mineraliniO medgiagd techninid re

30 d. D& ale.y mu Nr . V
5. Automobili ® keli O mineralini® medgiagO migini O nai

apragas TRA SBR 07. Patvirtint-®% 2019 m. gruodgi o 2
6. Automobili O keli O dangos konstrukcijos sl u@izsmi O be

sausio 30 d-:18D&sakymu Nr. V
7. Automobili O keli O asfalto miginiO techni20096.sausio kal a

12 d. D&Valk.y mu Nr
8 Automobili O keli® dangos konstrukcijos asfalto sluo

m. sausi o 12Vv-16.. DA akymu Nr .

9. Automobili O keli O transporto priemoni O apsauginioO

Patvirtintos2 0 1 0 m. sausi o/-87 d. DA akymu Nr.

10. Automobili O keli & darbo vietO aptvari mo i2012en s mo

bal andgio 16 -8.. D&dakymu Nr. V
11. Automobili O keli O vertikali Oj O kel i200 1¢4e nnk.| & oDZoe n7g idn

Nr. V-81.
12. Gumi nd kelio danga [ gilr at attp/e@wsskehid.lt/skebijnai/guminkelie-i g a p
danga39578883.html
13. Kel i O horizontaliojo genklinimo taisy8las. Patvirti
14. Kel i o genkl © atramO parinki mo, proj ekt2avd8nom.i rr uDF sedn

d. DZaksy®u Nr. V

15. Kel i o genkl O DZengimo ir vert2@aPimjosgesnkodi8Bimo. teE

16. Li etuvos automobili O keli O direkcijai20V3a5 srhetbainsds|
2026 05 12] . Phitps#bitéy/dwspPelr i nt er net N

17Lietuvos Respubljisktoast yknea si (p aD&kt eattdyn@assi.. Gkn. 09 BDBIONS
NaUJa redakeli@@ Arl.iXiulol 322000083, Gin. 20092 -N@®B®Q2A01 . k
10210101KEeTIAIOD XD3 8@tly h@ Nt r aliDB 4 rait oy nmmas K eDiRmit arp krrt d [nit oa sl

NrXIB®21. )
18Lietuvos RespublikoValksitsyli ks moeimk qrmdsd ex@3j3a0 pri e

74


https://www.skelbiu.lt/skelbimai/gumine-kelio-danga-39578883.html
https://www.skelbiu.lt/skelbimai/gumine-kelio-danga-39578883.html
https://l.facebook.com/l.php?u=https%3A%2F%2Fbit.ly%2F2wsnPHt%3Ffbclid%3DIwAR3FRjKE_gJtKMs26yyjSIQrRk2vDkLdJkt4JSXkklB42zFw1QgVmNSMz-w&h=AT3fosbiv4tjomzCks6exRtz7Nd75_xMnN3JV94CJa4MM3mzhHwhgYSm4C924c9SJE0gIF2Jb8NTbiMu5-EOi45Y2GBjTy8CD0W4dApfjtHluTsEksB5wFB4KjzQfAYgK2me&__tn__=-UK-y-R&c%5b0%5d=AT2JhoMZTydxwCH43S-Y5W-A3FuW6AxkGmfibIoXnQADqOJHtBB3ff6YZNhW5JGJ-BXSu_eSgPXGcyfVU_AZ3dSkw48YlPby_gJVQoEmNFsRZl8TKlMKp8YgCoH7pW_sRJxbLgYqseh8xY8Q1vncHKi6fPMbgOeASD9528E63Z8avGf6DLPJTOfi537t6K0kkTkx8w
https://www.e-tar.lt/portal/legalAct.html?documentId=TAR.BF41D2C35D24
https://www.e-tar.lt/portal/legalAct.html?documentId=TAR.37CA8EC066D3

ROADSIDE CONSTRUCTION SOLUTIONS AND THEIR INFLUENCE ON PAVEMENT STABILITY

Summary

In recentyearsthedevelopmenandrenovationof Lithuania'sroadinfrastructuraemainoneof themostimportant
areaof thetransporsector.Theincreasingraffic flow, heavytransporioadsandnaturalconditionsleadto fasterwear
of pavementand deteriorationof traffic conditions.Therefore the reconstructiorof both nationalandregionalroads
is becominga prerequisitdor ensuringtraffic safety,comfortandenvironmentaktandards.

To ensurereliabletransportmovemeniandthe durability of the infrastructurejt is necessaryo choosea rational
solutionfor the constructionof the roadsidewhich includesthe renovationof the structureandthe modernizatiorof
otherelements.

Key words. Entropic expert evaluationmethod, pairwise expert evaluationmethod, multi-criteria evaluation
method,soil subgradeasphalipavement.
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TECHNOLOGI JO0, VAI RUOTOJO ELGSENOS I R MATEMATI NI @
VI SUOMENI NI O TRANSPORTO SI STEMOSE: SAUGOS IR
EFEKTYVUMO VERTI NI MAS

Al bertas Garinskas

Vil niaus Gedi mino Techni kos Univers

Anotacija A

Vi suomeninio transporto sistemO efektyvumas ir tve
vairuotoj O elgsenos ir JO tarpusavio sNveikos. Nepais
iglieka kritiemer giyjpoad sviemra u chaasn,t emi sijas iisi ssaemgnga
iganalizuotiAtechnologijo vairuotoj O elgsenos ir ma
DX ertinant |j O povei kDZ saugaTyriirmasp!| dgmikmd@iugmas asn wtf eer
naratyvine sinteze, integruojant transporto ingineri,]j
kad vairavimo stilius yra vienas svsaribn aesmi ©i jva&s ks o
technol ogijos, tokios kaip ADAS ir tel emati ka, gal i
poveikis yra dvilypis, nes jos ne tik magina fizi nDZz
viadmen Dz Mat emati ni ai ir statistiniai model i ai l ei dg
sutei kdami galimybiAn prognozuoti rizi kN, energijos sNr
sistemO vadujyanaisntredrkwadt o pog'ilrio, jungian]io techno
duomeni mis grDatN modeliavi mN. Gauti rezultatai gal i
sistemas.

Rei kgmini aMi sgodiginaini s transportas,; technol ogijos;
mat emati ni ai modeliai; transporto tvarumas

jvadas

Vi suomeninio transporto sistemO transformacij
technologijO platra, skaitmenizacija ir didajanl]
augantys transpor tiog@glirlkaiuaiail e mi & | p orad iok BZak urotsi e
transpor t(oJusiievti ¢ mas , Gi2aOme2 : k olnSt)ek st e vi suomeni ni
vai dmenDZ maginant individualaus transporto povei
tik nuo technini® sprendimO, bet ir nuo vairuoto

Nors technologinada paganga, Dskaitant pagangi ¢
automatizaci jN, suteikia nauj O galimybi O opti miz
esminis. ValruotojC) s pree ntdii knaé i slrmo os du ga&ii,oghath i
emi si j oms. odal giuol ai kini ai tyri mai vis dagni
suprasti, kalp gie veiksniai kaAdamidr mued@l)atr an

Aplinkosauginis aspektas tampa vienu i g pagri
Transportas yra vienas didgiausi O giltnamio efe!
prioritetinis tikshtasttiinekhh hyggimemalui niNoyr stitelntsa
alternatyvis energijos galtiniai yra svarblis sp
l emi anliu real @ Careeurtgziijgosetv aarlt.oj i2P0NL5: 911)

Mat ematini ai ir statistiniai model i ai gi ame |
i ntegruoti skirtingus veiksnius ir prognozuot.
apragomosios analizas p®ipridamimean, mkerigs DEta bbb
transporto sistemas. Il ntegruotas modeliavimo po
aplinkosaugos aspektus, kurie dagnai yra tarpusa

Gio straipsinsoemiirkgdiasi ganali zuoti technol ogi
model i ® sNvei kN visuomeninio transporto sistemo
efektyvumui . Siekiama ne betk iarpi patnairk tnit i i retseagnu
suprast. kompl eksinius procesus, vykstanl|lius gio

Met odol ogi j a
Giame tyrime taikoma metodologina prieiga gri

orientuotais DZtechnologijO, vairuotojO elgseno
transporto si stemose. Atesr'najtvieltcgs".amtar[Dﬁlrsa:grpilrié%ji
integruoja transporto inginerijos, aplinkosaugo:
siekiant sukurti konceptuali ai nuosekl O ir anal
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traipsnio atveju, giame tyrime didesnis dames)
echnologini ® sistemO poveikiui

Tyrimas grindgiamas sistemine |iteratiros apg
ntegruoti skirtingO metodologiniO prieigd rezul
eterogeni gkumo, n e s iek ekspérimentiniug, ttekrodeliaaimd) ek emaifniaima  t
uomeni mis grD&tus tyrimus. Naratyvina sinteza
arpusavio sNsajas tarp technologini O, elgsenos
Met odol oginis pogilris taip pat apima vairuo
varbiausi O veiksni O, lemian]i O tiek saugN, tie
mpiriniais tyrimais i r| inaoidseliidaevn tmof irkeuzoutlit adelag sse
ransporto sistemai. Toks pogilris leidgia inte
odel i us, sukuriant vieningN analizéas S|stemN
Nepai sant met odol ogini o nuosekl umo, tyrimas t
i mO heterogeni gkumu ir duomenO prieinamumu.

i enodi duomen® galtinipal yagpisuinlkN.naBe i €6 o glial
oratoriniais duomeni mi s, kurie ne visada ats
rtinti interpretuojant rezultatus ir formuluo
Pastar Oj O met®O metodologinds tendencijos rodo
nali zads metodO, kurie leidgia realiu | aiku vert
uomenO analiz&s metegralotsiutsekikritai nggaul si mdyloaimei nnQ ¢
odel i us, kurie gali.i prisitaikyti prie besikeil
iekiant efektyviai valdyti sudatingas transport
Api bendri nant galima teigti, kad taikyta met

r
v
b
e

i O, VaII‘UOtOJO el gsenos ir mat emat i ni
s pogilris, a paivmamot i rse tloidtuesr aitrl r ®ls g saenrac
ormuot.i duomeni mis grD&tus sprendi mus

O ir transporto sistemO DZ aka
i O platra yra vienas svarbiausi O v
stemas ir i g esmds kEeSkamagi Ot r o2
a, automatizacija ir pagangi O vald
yvumN, bet ir keilia @gmogaus vai
eiimaghk Nvsa koasujpBr @gmoganlNs D&l ¢i os
i zuojama kompleksi gkai, wvertinant
u VaII‘UOtOJO el gsena bei kognityviniais
ienas svarbiausi O technologini O pokyli O trar

di egi mas, kuris leidgia automati zuot:i C
ino, 2017: 289) Toki os si stemos, kai p automatini
I ar ei smo juostos pal ai kymas, vei kia ki
s reakcijos botumus kriti na siestodranspormci j o
oj e, kur ei s ntensyvumas ir situacij O
nda ir nauj O i , susijusi O su vairuot

Aut omati zacij os p is wvairuotojo veiklai

i stemos sumagina fi krivDZir leidgia vairu
uovargbz Kita wvertu kKl Nrocesasakeubdiaj &o gin
| st e mos (Paraswaman et ply 2000: 2887) Toks pokytis reikalauja nuolatinio budrumo
i Ky mo, taliau esant magam aktyvi O vei ksmO s
ki mas. Gis reigkiny-eftheldmagmraie fagk tbd od,i nraomhacs, klka
[t nauj o tipo rizikas, kurios nara tiesiog
emos sNveikos.
TechnologijO®O poveikis vairuotojO elgsenai t ai
s pasitikajimas automatizuotomis sistemom
[
I

t
b
al

S

‘o —.

|
r
m

x
o

el i
uacijose, kuriose ’rellokalalrrngasneg)rad<g§1a1U<$1mlaBikpiag
hnologijO naudojimN ir sumaginti jO efektyvum
st O efektyvi ai i gnaudot.ii technol ogij O teikian
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Tel emati kos ir duomen® analizas technol ogij c

vairuotoj O elgsenN ir transporto sistemO veikim
vairavimo parametrus, tokius kaip greitis, pagreitis,dtgbma s ar mar grut o | ai ky ma
duomenis galima identifikuotd.i neefektyvaus ar r|
tiek saugai, tiek energijos sNnaudoms. Toluws duo
vertinimo prie objektyvios analizas, kuri yra bl

Gmogiamagyi nos sNsaja yra vienas kritiniO asp
| nformacijos pateikimo bidas, valdymo el ement O i
vairuotojo kognityvinei a p ldidetisvimfdrmadijos kiekig gaéi sukelti p a s
informacinfi perkricwMagonhepakankama®dZ suvoki mN.
ergonomi gkai pagr D&t as sNsajas, kuri os l eistO
sprendimus

Vairuotojo blkl&s stebdsenos technologijos t
efektyvumN. Tokios sistemos, naudojanlios jutik
damesio |ygDZ ir kitus pBisihotéemOQopogivali usmapayat
identifikuotdi rizikines blsenas ir inicijuot.i p
duomenO tikslumo, algoritmO patikimumo ir integr

TechnologijO integracija taip pat vyksta sist.
kurios apima eismo valdymN, mar grut O optimizavi
|l eidgia efektyviau pas&kgirmttiytvaltavainnspsoritro eptaium
Vairuotojas gioje sistemoje tampa vienu i g el eme
vei kla vis | abiau priklauso nuo informaciniO sis

Svarbus aspektas yra technologij® poveikio sN
efektyvesnDZvairavimN, taliau jO poveikis prikla
sistemos gali b1l ti gabDojpomm® kgigp ompky momoina, s |
taliau netinkamas |jO naudojimas gali blti suvok
technologijO®O diegimas turi bTti | ydi mas organi
efektyvumN.

Ateities technologinas tendencijos rodo, kad
integruoto$ St ank e v i | i Dirbtinio ieekt® sprendi@di leis kurti adaptyvias sistemas, kurios
gal as prognozuot i vairuotojo el gsenN ir optimizu
pl atra gal. i g esmas pakeisti steimoset gimnmgaaisdmea
svarbus, ypal sprendgiant nestandartines situaci

Api bendrinant galima teigti, kad technologijo
ir dinami gka. Nors technologijos suteikia reikg
keilia vairuotojo darmgbh&ki ©®oblisdiBZijussOksui @ mogaju®
technologijO® diegimas turi biti grindgiamas i nt
organi zacinius aspektus, siekiant wugtikrinti opt

Aplinkosauginiai ir emisijO aspektai

Aplinkosauginiai ir emisijO aspektai visuomen
objektu, ypal atsigvelgiant DZ gl obalius klimato
maginti giltnamio efaktNNsukelviismulom@nidonj & embaasi
efektyviausi O priemoni O maginti individual aus tr
realus emisijO lygis iglieka stipriai piimblduso
svarbiausi a, vairuotojO elgsenos. Dal gi os pri
i ntegruotai, vertinant technologij®, ¢gmogaus vei

Transporto sektorius yra vienas didgiausi O an:
teritorijose, kuriose transporto Srautai yra mtensywaulﬁ a g u k au s k.&isupmegirdslirénsportas,

nors ir pasigymi magesnamis emisijomis vienam ke
ki ekDzZ dal nuol atinas eksploatacijos ir didelio
sistemoaplpionkea kDBl tina ne tik modernizuoti trans
bei vairuotoj O el gsenN.

Vairavimo stilius yra vienas svarbiausi O vei
(Ericsson, 2001: 32845) Agresyvus vairavimas, pasigymintis
ir dagnais greilio svyravimais, didina variklio
modeliai ne tik didina anglies dioksido emisijas, bet ir skatimatan ok si d O bei kiet Oj (
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Priegingai, tolygus ir ig anksto planuojamas vai

energijos sNnaudas ir iglaikyt: stabil esnDZ emi s
vienas i g svarbidigmaO viil nityd mOjs®,e kk amDZ (g ¢aipn tkia i d
2014: 69)

Ekol ogi gko vairavi mo princiopai yra vi enas e
technologini O investicijO. Gie principai api ma r
pavar O keitimo strategij Nborr eédgindo Noptriamispavit mN
strategija leidgia ne tik sumagint.i kuro sNnauda
il gainiui didina transporto sistemos efektyvumN.
vairuotoj O mokymo, motyvacijos ir darbo sNIlygO, t

Transporto priemoni O elektrifikacija yra vie
sektoriaus emisijas. El ektriniai aut obusai pasi ¢
panaudojimo efektyvumu, palyginti suvidausadegi v ar i k1 i ai s. Be to, jie s
svarbu miesto aplinkoje. Taliau svarbu pagymati
vairavimo stilius vis dar da(fMeglakgkmi eg®R,abDdEXay:
regeneracinio stabdymo efektyvumas priklauso nu
priemonin, todal net ir pagdgangiausios technologi]j
elgsenos.

Vertinant aplinkosaugi nDZ povei kDZ bitina tail
DX ertinti transporto priemonas povei kDZ visais |j
eksploatacijos metu neingslgiijioa terkamds jg@l gamw
povei kDZ aplinkai. odal ti krasis aplinkosaugini

Vi sos transporto S|stemos struktliros. kGimpl akpeé Ktk
integruojant technologinius ir eksploatacinius veiksnius.

Svarbus gio tyrimo aspektas yra aplinkosaugin
pal nuovargis ir stresas, gal i turati n

NuovargiskgaluimNsu'Jmagiadibli‘maiirgvieinbitois
s n(Zafanka 20d3a 4)i BN t o, darbo organizavi mas,
gliai, gal i ver sti vairuotojus rinktis
auginis efektyvumas yra g | au digamasiatskgail s i j T

sNIlygoO.

Technol ogijos suteikia papildomO galimybi O ma
| ai ko duomenO analiz&s sistemas. Gios sistemos
elgsenos modelius ir teikti rekomendacijas vdirmj ams . Toki e sprendi mai gal |
procese, tiek kasdienaje veikloje, siekiant s k ¢
sistemos leidgia sumaginti nerei kalingpsiseusmobgpi
magi ni mo.

Pastaraisiais metais aplinkosaugos tyrimuose
kuris apima technologijas, vairuotoj O el gsenN i
vertinti kelis kriterijus, tokius kaip sauga, energgofnaudos ir emisijos, ir ie
ypal svarbu kuriant tvarias transporto sistemas,

Ateities tyrimO kryptys rodo, kad aplinkosaug
grDat O sprendimO ir dirbtinio intelekto taikymo.
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optimizuoti vairavimo strategijas ir adaptuotitra por t o si st emas realiu | aik
individualizuotO® sprendi mO svarba, l ei dgi antii a
pritaikyti rekomendacijas pagal jO darbo stiliO.

Api bendrinant gal i ma teigti, kad aplinkosaug
transporto sistemO dali s, Kur i tiesiogiai pri k
organi zavimo. Efektyvus ensiisnijod prmagglllnrllrmas krueriiksa |
sprendi mus, bet ir ¢gmogaus veiksni O integraciijN,

Mat emati ni ai ir statistiniai model i ai

Mat emati ni ai ir statistiniai model i ai sudar o
l ei dgianli ai ki ekybigkai DX ertinti technologij O
(Baublys, 1997:102) Kompl eksina visuomeninio transporto si
nelinearinamis priklausomybamis ir rei kgmingu n
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dagnai yra nepakankami. Dal gios priegasties Vi
|l eidgia integruoti skirtingus duomenO galtinius

Vienas svarbiausi O modeliavimo objektO yra vai
transporto sistemos veikimui. Nuovargio ir reak:
bl kIl &s DZ akN sprendi mOToepkid@dmmmdiel iiai edasdgnoaisagrg
funkcijomi s, kurios aprago nuovargio kaupi mNsi
cirkadini O veiksni 0. Gi O modeli O svarba yra ta
vairu@ oj o veiklos efektyvumas rei kgmingai sumagaj a

Reakcijos | ai ko modeliavimas yra svarbus tarp

Su saugos rezultatais. Statistiniai modeliai rodo, kad reakcijos laikas yra jautrus nuovargio, streso ir
kognityvinads apkrovostpokydi amsopoporgongddpdéei kha
nelinearina priklausomyba yra svarbi kuriant ri z
bl senas, kuriose sauga staigiai blogaja.

Ei smo saugos analizaje plaliai t ai komi tio ki my
DZ ak N i smo DXZyki O tikimybei. Logistina regresi|j
oti dvejetaiknirutsi nrgeC ukitnattaunsOji G sD&aerrbtN.ntTio
ti kaip nuovargi s, darbo krivis ar vair.
i u kuriuos virgijus tikimydb@i aebike i taii n tf
sNvei ri yra bltina analizuojant kompl eksin

Transporto emi sijO modeliavimas taip pat remi
vairavi mo (PareigisnP@l2:r5iEreitist pagreaitie ir tganspoots s N
arbo regi mas yra pagrindiniai Kintam
ei |l iai ir dagni greilio pokyliai ge

nergijos naudoj i mN. T o kdirei vnmnondge | sitari 8
j O povei kDZaplinkosaugai

Neapi bragtumo analizaje svarbi vieta tenka s
atsitiktinius procesus ir DXertinti skirtingO =
gal i mybndn generuoti daugyjbQdi pgaasliisnkQ rssittyuralc,i jkGa si ry re
sistemose, kuriose egzistuoja didelis variabilun
ir ekstremalias situacijas, kurios dagnai yra sv

Dauglakrlterlné analiza tampa vis svarbesna,
ti ksl us, agnai yra tarpusavyje priegtard.i
sut ampa, Tt nradirnausst.i kaoungpi r aoknri isti enriiunsi asi p rne
DX ertinti tingu kriterijus ir nustatyt. opt
ypal naud.i [ pIanuolant transportoads mOt pmae i kDZ

Statistiniai met odali sudaro pagrindN empirini
analiza, koreliacijos analiza ir dispersina anal
rei kgmi ngumN. Talduwamesnvarkak yudit iikrm i ni hkamN met o
parinkti model i ai gal i Il emt i kl aidingas i gvadas.
filtravimui ir validacijai.

I ntegruotas modeliavimo pogilris tampa vienu
Ssujungt. kirtingus modelius DZvieningN sistemN.
saugN ir miS|jp vemgtirniamNswuiperms tmet ©, tlaeipd§iaa i to

al i
I
a
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model i ai g blti naudojami prognozuoti reakci|j
el gsena gali biti siejama su emi s iijs&prentdondse kuiieai s .
atsigvel gi DZvisus svarbiausius veiksnius.

Pastaraisiais metais modeliavimo metodai spar
maginini o mokymosi sprendi mus. Gie metodai [ ei d
sudatingas priklausomyleosmoskurriaddd chaiai $emgvaia
model i ai gal i b1 ti naudoj ami prognozuoti vairuot
remiantis realaus | ai ko duomeni mi s. Toki e model
prognozavimo ti ksl umN.

Ateities tyrimO kryptys rodo, kad modeliavim
Skirtingi vairuotoj ai pasi gymi skirtingomis elgs
gal i bTti epakankamaiodelikail | skudingi aitduad@viet go
ypat umus, gall rei kgmi ngai pagerinti sprendi mO e
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gal i mybn kurt.i virtualias transporto sistemO ko
rizikos.

Api bendrinant galima teigti, kad matematini ai
val dyti visuomeninio transporto sistemas. Ji e
aplinkosaugini ® veikssi ®i ppemNkDXKDZivi enanbNt ana
transporto strategijas. Integruotas, duomeni mi s

DZ ankiu sprendgiant ¢gi uol g\Vipartas 2003512t r ansport o sek

Di skusij a

Atlikta analiza leidgia teigti, kad technol og
Vi suomeninio transporto sistemose sudaro kompl ek
pavieni ai vei ksni ai , rot ijnQy aii ntneegir utort @ci cpionvaesiek i tsr.
technologijos ir gmogaus el gsena dagnai nagrinaij
esmina siekiant ugti krinti tiek saugN, jtaimak DZ pli
vei ksni & tarpusavio priklausomybds ir jO integra

Vienas pagrindini® rezultatO yra tai, kad tec
transporto sistemO problemoms sprfisti, jei neat ¢
Nor s pagangi os vairuot omat ipzaagcailjbao s g asliist e mma §iinr
efektyvumas priklauso nuo t o, kaip vairuotoj ai S
yra dvilypisi j i madgina fizinDZkrlvDZ taliau tuo psaliu

rei gkinys rodo, kad technol ogiimdgii md® gs Mwceilog up
vien techniniu efektyvumu.

VairuotojO elgsena iglieka vienu svarbiausi O
paroda, kad net ir pagangiausios technologijos r
stilius yra neefektyvus. Agresyvus vairavimaddina ne ti k ei smo DZyki O ti ki
bei emisijas, todal ¢gie aspektai turi bl ti erti
jungiamasis el ementas tarp saugos ir aplinkosaug

Mat ematini ai ir statistiniai model i ai sut ei ki
sistemN, taliau jO taikymas susiduria su tam ti
sudétlngumas ir duomem@l prined emlaimaimagal Norisk plaigai
efektyvumas priklauso nuo duomenO®O kokybas ir Kki.e
prielaidomis, kurios ne visada atitinkaptaabt a:
model ius, kurie gal 4t 0 geriau atspinddti nelinea

Svarbus diskusijos aspektas yra integruoto p
aplinkosauga buvo nagrinaj ami kaip atskiri tiks
Pavyzdgiui, vairavimo isfaqatedagoai kwoipal| magmacg
nes jos grindgiamos tolygiu ir prognozuojamu Vali
kriterijus vienu metu, gal.i blti efektyvesni nei

TechnologijO®O vaidmuo ¢giame kontekste yra svar
' ygio ir naudojimo strategijos. Tel emati kos ir
steb&ti vairuotoj O eKursiemNgalri tkelitkit inau dDFjtamdl§ DZ
valdymui. Taliau svarbu wugtikrinti, kad ¢gios si s
kontrol &s mechanizmas, nes priegingu wnvaejuNjos

Metodol oginiu pogilriu analiz&d atskleidgia, Kk
atskirus aspektus, o ne DZjO integracijN. Skirti
sunku sukurti vienaingmMNodnalkadsblistisma mpN| atTot i t
sujungt ® technologinius, elgsenos ir aplinkosaug
nauj O Dfvalgd ir padadti kurti efektyvesnes trans

Dar viena svarbi problema yra realaus | ai ko dit
suteikia galimybn rinkt:i didelius duomenO®O kiekiu
dar ndra pakankamai tgpli asosaemAsei kyfeobligahat |
juos analizuoti realiu | ai ku, l ei dgiant di nami gk

Praktiniu pogilriu tyrimo rezultatai rodo, k
kompl eksini(Q uscphrmeernvdilm@ ®j r @®22blt6)na integruoti
mokymu ir elgsenos valdymu, siekiant ugti krinti
model ius sprendi mO pri ami mui pagr D&ti, ydoaajli npN.a
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Trelia, bitina atsigvelgt:i DZ aplinkosauginius t|
strategiij N.

Ateities tyrimO kryptys rodo, kad transporto
r DAt us ir adaptyvius model i us. Dirbtinio intel
dentifi kuoti sudat i n g a sgvaippastekimas dradicingys breetodais. Rakiosi o s
i stemos galas prognozuot. vairuotoj ® elgsenN,
i stemas realiu | aiku. Taip pat tikatina, tkiadDzdi
onkreli ® vairuotoj® ypatumus.

Api bendrinant galima teigti, kad technologij O
a esmind sNlyga kurlant efektyvias ir tvarias
ndrN sistemos veikibm godaldgj @manahi edruotu
ks pogilris leidgia gtikrinti, kad transporto
ektyvios bei aplinkai draugi gkos.

o TrQ

O T oKX
-~ 0o m -

S

l i kta analiza leidgia teigti, kad visuome
sinis rezultatas, kurDZ |l emia technodiocegi| (
ai sudaro integruotN sistemN, kurioje kie
ros ir veikimo sNIygOoO. Todal transporto

i mu, o jO ttmrpusavio sNveikos supr a

2. Vienas svarbiausi O gios analizads rezultatO
gal i mybi O didinti saugN ir efektyvumN, negali ug
elgsenos. Nustatyta, kad vairavimo stilius yra kri ni s vei ksnys, l emi antis t
sNnaudas ir emisijO |ygbZz Agresyvus vairavimas d
tuo tarpu racionalus ir prognozuojmamgasawndi nawikma
emisijas.

3. Tyrimas taip pat parodd, kad technologijO pc
gali sumaginti ¢gmogi gkOj O Kl aidO tikimybi ir opt
vairuotojo vai dmenDZsiursigalsii Osuskuelstwmargaaqw@wm Zbiukd(
Todal technologij O diegi imaagitnuorsi svatellkgor5| npdr gi i nacm
technologijos papildytO, o ne pakeistO gmogaus g

4. Matematini ai ir statistiniai model i ai i gry
skirtingus veiksnius ir kiekybigkai DX ertinti | C
DZyki O tikimybd, ener gatj ocsp tsiNmiazuwcatsi itrr aemsi psairjtaocs ,
kad integruot:i model i ai, api mantys VaiI‘UOtOjO €
parametrus, yra efektyvesni nei atskirO aspekt O

5. Svarbi igvada yra ta, kad sauga ir aplinkos
kurie turi b1t vertinami kartu. Vairavi mo str a
magina ir eismo Z vy k i Olygiuiir piogndruojamuevairavima.sTai mdoj kadl § i a
i ntegruotas pogiTrls, apimantis kelis kriteriju
tiksl O optimizavi mas.

6. Praktiniu pogilriu tyrimo rezultatai l ei dgi
prisidati prie efektyvesni O transporto sistemO k
vairuotoj O mokymu, sirdkiudnjti mNyj.t iAmrtirna,i g vOarthiun ke
model i us, kurie leistO optimizuot. mar grut us, er
transporto sistemO valdymN integruotiidphtnkbsauo

7. Analiza taip pat atskleida metodol oginius
i ntegracija. Skirtingi duomenO®O galtiniai
tina platoti standartealuatss|! mekoddsgsomen
viena pagrindini O ateities tyrimO krypli
8. Ateities tyrimO kontekste svarbu pl atot.i ad
i gvel gti DZ vairuotoj O skirtumus ir dinamigka
odai suteikia gal iemyC ik iaenkailuisz uiort ik udritdie Ipiruosg ndouz
[ tai komos realiu I aiku. Tokios sistemos | ei
yviai jDzZvaldyt:i
Api bendrinant galima teigti, kad technologijO
yra esmind sNlyga kuriant saugias, efektyvias ir
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duomeni mi s gr D&t as ir tarpdisciplininis pogi lri
giuol ai kinius transporto ektoriaus i ggl kius ir
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I NTEGRATI ON OF TECHNOLOGI ES, DRI VER BEHAVI OR, AND M/
PUBLI C TRANSPORT SYSTEMS: ASSESSMENT OF SAFETY AND E|

Summary

The efficiency and sustainability of public transpot
driver behavior, and their interaction. Despite the
criticaldl,y piamttilctel assessment of energy consumpti on
The aim of this study is to systematically anal
mat hemati cal models in public transport systems, e
study is basced iotne raa tsuyrset erneavtiiew and narrative synth
environmental science, and applied mathemati cs.
The findings indicate that driving style is one of
while advanced technologies, such as Advanced Driver
optimize theseeprotbhsesesmpatowef technologies is dual
wor kl oad but also increase cognitive |l oad and transf
enabl e the integratiordofandilfyfterceant fframteowros ki, ntpo oa i i
energy consumption, and emissions.
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The study reveals that effective management of tran

technol ogi cal solutions, -diriiwenr medalviirog. ahhd ysesul t
devel opment ofansdu sefafiincaibd ret, tsrasfnessport systems.

Key woPrudbsl:i ¢ transport; t echnodiogii eg; MDA e maetmi csasli
sustainability
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ENVI RONMENTAL CHALLENGES OF FUTURE AERODYN

Audrius Jonugas
Lietuvos I nzHinghej oBEdkKoatigonal nstituti

Abstract
The field of aerodynamics faces a range of environ

more-effdélci ent aircraft i ncreases. These chall enges i
i mpact of asmiatgoal ohylandlecosystems. Additionally,
structures, and air traffic management systems are b
|l evel s. Overall, thegfiutera bbbl astbdyapmroacWwi I hat ecc
aviation and strives to develop cleaner and greener t

Kewor daseerodynawmiféd $ ci éoe| carbon emissions, el ectri

aircraft.

I ntroducti on

Avi ation serves as a critical connector for gl
climate change. Currently, it is estimated 1 hat
induced alterationwsbabande. - ESBAddsehhmemiadns fro
i ncreased, consi2s.the¥ tolfy orveeprraelsle nglionbgal2 emi ssi ons
that by 2050, aviation may be r espomesedoelde tfoork eae |
warming within 1.5AC above preindustri al condi ti
30 years, it's evident that wurgent action is nec

I ndustry stakeholders and policymakers face t

ai med at @ehicewinmigsrneoths for a sustainable future
are gaining tractiveh, Ahethaetiennatnaniadon&li vi & Av
b«

agency that promotes <collaboration amargol@ear
emi ssions for global civil aviation byredbdi n@]C
emi ssions per capita to between 2 and 2.5 tons
focused on aviation, cutting down aviation emiss

For context, the | CAO Carbon EmissionstrGapl ciun
economy class from Los Angeles to London wil!/ pr
385% of the individual emissions cap.

Materi al and Met hods

Whil e advances in aeronautical technology hol
i deas and our wunderstanding of physics. Addition
significantly inflfufeenacctedornw aaernarsadtiiedals,dddgisgne t

[ i

mited thus far.

-

el atively

turbulent flow

rans:Oon areca

laminar Bow e

conventional airfoil

sucking air through
pecforated skin sheet

Fi.gHLFiCHybri d Lamingr3]Fl ow Contr ol
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As air travel continues to grow, t he demand
emi ssions, ti me efficiency, and mor e affordabl
accommodate this demand, thhee daevviealto ponme nitn doufs tirayr g
carrying up to 600 passdéewnpetrec,8 0 dorp olt,eOnX 0 .a lT hye see
to be hefghilgi ¢énme] produce mini mal noi se, and be

To achieve fuel ef f i ehiiegnhc yb,y pnaesws ernagtiinoess awiet hb €
aerodynamic i mprovements aimed at reducing drag.
flow control (HLFC) , wh ibcyh eemphl aonyciensg fau ed n ieqgfufeil cyi
combined with a suction s ydrtaegn aior fmaoiw taalionn ga as ng
wing [3, 4]. This method mini-merzfeer atrad wuwrdd addags
the shift from | aminar to turbulent airfl ow, res
shown that HLFC can effectively decrease drag a
needed to adaptt htehihg gtheeah Relyopy disomumber s.

&  Fu

Cruise Configuration

<«

Take-off Configuration

(
—_— i E—
L - =

/ 22
- /
—

l/.

Landing Configuration

Fi.gAi rcralfitf tHighpt em

Anot her factor that greatly affects -ltihfet wsey gthe
t

I n general, he more complexspgpysemmshet mbrei n
elements (i.e., flaps, slats, etc.) either passi
of the flap boundboyméayersnwayll eeghbededstrain
flow control technol ogy, wildl play a vital rol e
These technol ogies and their si zoentaonudr iweg gohft .t hwei
during cruise, thus further reducing the drag an

l nnovative materials and flow control technol
control sur faces. These advancement s, al ong with

reshaping of wing d&iundg atce sr edduudendy drlag hand liempr o
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Cmmm———

(c)

Fi.gThe airfoil with traditional (a) and
(c) The airfoill5¢yyith an adaptive s
Mor eover, alongside enhancing existing aircr.
concepts that can achieve a significant | eap in
should offer both drey Wazrarntd dndtsymar ganasktei cv op
interactions. E x atmpil reksi nogf dt ehseisgen sf oirmacalrudd e bl e nd e

braced wings, among ot hers.
A blended wing body (BWB), sometimes referred
fusel age, i-wimgtyiprecodf ffixkaracterized by the se
fusel age. I n this desriggen,ad ha wimglse aanantbiorduo uesr

separation.
On the othebr @aed, wiang ralisrscr aft f eadaurtersi aan gduel

support d&trea meaviomfkotrhcien ;a 4 Issie gulitor awi ngs i n relatior
i nnovative approach frmgdlihatesenhamger | i har whwe
resulting in greatly improved fuel efficiency.
The design of supersonic aircraft is a subjec
(SST) refers to aircraft, either for passengers
pl anes significantltyencuteddeawmgtnavelrconmenenf al
compared to subsonic aircraft. They are design
(approximately 1,500 to 2,700 km/ h). Theiarr rsolw ek
shaped wings, help reduce drag and endure high |
To address the rising demand for air travel,
promi sing solution |ies in personal air vehicle
aviation airpotesebnditopphmeiziey| @davsi gnated skywa
whi ch may include small planes, rotorcrasitstantt
capable of flying in various weather conditions,
These aircraft wildl feature engines that are

ai med at achieving zero emissions through fuel
minimizing noise distue®dances for nearby communi
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Advancements in fldwwiddnthelptpcdnehtogwi ng st
atmospheric turbul ence,-ofafnsd afnadci Il an @it mgsaut Benait g
aerodynamic qualities, these personal aira wdlcihel
mar ket and eventually reaching the avdrage -¢ drmrxl
flight options may seem ambitious today, refl ect
it reveal s t haar e uwiht haidnv arneceearte.nt s

Results and discussi on

A method for designing a wing with minimal dr
wetted surface maintains | aminar f 1l ow. This con
considerable advancemeattfohabet besemambhdandnl| &ahge
or supersonic.

There are various strategies to

achieve LFC.
contr ol (NLF), which wutilizes a favo I

t

n

[

rabl e pressu
Both NLF ®&mdesudtFiCormim to del ay his transiti
di sturbances within the | aminar boundary |l ayer,
strategy in LFC involttesthaddréeasinpi{agiceoptecept
where external disturbances become internalized
of mitigating naturally occurring iofpshtaasbel | uti esi
di sturbances requires exploring alternative meth
One promising innovative approach has been t
modes, which can hinder the devel opment of the ¢
Currently, the applicatiisoni nofi trse ceeaprtliyv idteyv ecloonptneol
a better understanding and modeling of the rece
significantly streamline the applicationysfemami
and components |l.i ke piping and pumps

Conventional

Suction areas HLFC

— R AR XY T
e — —mf EZ; E3r:
- L "T?’L‘\,‘

— f:-L\-?‘;_J_ ’I/,,__:—L
- - - —
Laminar flow Turbulent
flow
Fi.g Fl ow control for Houndary | ayer se
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Boundary | ayer separation happens on various
l eading to significant reductions in aerodynami
managing separated f | ow thiyciitnyt riondtuoc itnhge lao nrgfiltoud i
This can be achiev®deusypg DFuifducdactaatonaso

pl ate positioned asymmetrically at the top, Creece
tunnel have deworket fdtoavd ctamatb ea gjeate rgaet egda pf,r odne peei
on the actuator's scaling parameters. Additional
constant while altering the width of the wide ge¢
pl at e, vatrtieorunss fclaomw bpea ac hi-leivied , f lij oed $s,u d whanigyl leve dirl tpiex
or vortex fl ows.

Orifice of Cover to seal up the

synthetic jet cavity of the actuator
Jetangles e _ L't NGO '

Vibrating

- membrance

Fi.gActuator[ 5cJloncept s

Ités clear that further investigation and dev
Mi cro El ectro Mechanical Ssycsatl eemst e(cMiEnMS )0, g i aess i ehl al
devices as active compoaxcwndrsgi npd atyh eas ec rauccti uad t orr o
explore the design possibilities for these devi

il i

t a ored for this type of actuator.

Di scussi on

Recent resear ch -shiazse ds hpiwenz otehlaetc tmiiccr oact uat or s
The specific type of piezoelectric actuator desoc
di stinkcitheefljew patder ThiwbBemnagquevaharacteri stic
synthetic jet actuator.

These actuators have been demonstrated to pro
second to several tens of meters per second acro
advancementmsetasbkbe setfzacaulghidfi cant aerodynamic
i ft on wings, reduced drag during cruising thr
generate controlled moments on demand. iTahncse coonu
conventional fl ap and sl at mechani sms.

Future resmeaefacshs cactaeartor s wi | | focus on sevel
the relationship between actuator characteristic
how-lji&kte fl ows i ntlkeowrcdarw tlhayteurrsboulfddi ti onall vy,
correlation betweenfaeldasaorf édeatpressand, newht cl
|l aws. Finally, the research wil!/l atsts elsrss wehpet reaersc
wings, while quantifying any potentially negatiyv
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Conclusions

The future of aerodynamics |ies at the intei
responsibility, and sustainable devel opment. As
must prioritize reducilmgioarbamdemicosiognsal noimp:e
performance, and efficiency.

Breakt hroughs in I aminar flow control, |lightw
toward revolutionary i mprovements in drag reduc
control systems and adgvamrceendi sceosmpau t rag w oenrad anfo dad
capabl e of optimizing their performance dynamica

Through gl obal coll aboration and continuous
transport into a tru-loynesustadai meleltes mddce neefe ditsr aovf

compromising the health of the planet.
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ADAPTI VE TECHNOLOGI ES FOR UNMANNED AERI AL

Vi kt ors Gutakovski s, VI adi mirs Gudakovski s, D
Riga TechniktastUnuvereftferonautics, Space E

Abstract
The paper presents the basic concepts and definiti

eas, and the tasks it solves. I't examines the esse
alyzes the UVUAYoonomentati ®great ur al (constructive) a
ntributes most substantially to performance i mprov
ampl es, various adaptiven deyywstgenms, odndt hen earigryf rraenel, e
scussed. From the analysis of structural adaptati on
effective {fgemedavebopiUAYysneAh unmanred!| mooiblid ev el
usable or conditionally reusable use that has- no o
rected movement in space to perform various functi
me control (by a human operator or a dispatch cent e
mospher e, in water, on |l and, and underground. Her e
rthoés at mosmrhed emo Siulceh werlmacl es are referred to as
rial vehicle (UAV) is an aircraft for reusable or
d is capabl e -dbifr eacutteodniommaiesme rigtotad Ear t hés at mospher e
ther autonomously (using its own control progr am)

ationary or mobile control station.

KeywoUAY,: Adapti veUANe plterdloagnaensc,e i mprovement, Aero
UAV Applications and Task Evolution

Unmanned Aerial Vehicles (UAVs) are defined a:
aut onomecwsntarolrleemdotmreovement i n the atmosphere

ange frdomnmiscno-tlhheaapy ashyglintmig] daowangetmassi ons. B

r

inciple, they -vairreg,c aftieaggojr-iizeetga rafwl & @ xiemegr ost at i

ypes

UAVs are increasingly preferred over crewed ai
T Higher Payl oad Fr aestuipogno:r tT hsey sa besnmesn cad p @fovislf iif fc

qui pment .

r

T Aggressive Maneuverability: They can sustai
ur vi ve.

i Coktffectiveness: Smal | vehicles are signifi
f Risk Mitigation: Mi ssions can be conducted
sk | evel s.

I n the military sphere, tasks include reconne
ansport : Civilian applications are expanding

X

u

t
I
e

pected to grow fromhe@Oneéar apermxi mately 50 in
Unmanned Aeri al Vehicles (0AVisg)xobhlFrednboysnbe

tonomous systems. According to their movement
T Fi xweidng: Ef fi-camraqdas pliecegdh Ifdng ht .

T Rot-wiwg (Multicopters): Capable of hovering
T Fl exwibng (Par agl i dseprese)d: | ihbekadvtyf ans powt .

T Flapwimg (Ornithopters): -Beoonmaeitsscandees. gns
T Hybrid systems: Combining vertical takeoff
I n terms of weight, they range from Micro UA
rategic value Ilies in the "4D" missions: Dul |
i minate the need for heaolyi comc&keats, akyvgenng
signed purely for mission performance.

The Essence of Adaptive Technol ogi es
Adaptivity i1is the primary instrument for i nc

There are four primary types of adaptati on:

1. Parametri c: Correcting system parameters to
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2.Structur al (Constructive): The ability of a
changing situation.

3.0bject: Utilizing a set of cooperating obje

4. Goal Adaptation: Modifying unattainabl e goa

Structural adaptation is highlighted as the f
effective operating range.

UAV Operating Environments

UAVs must operate across a spectrum of "heter
reaction to the vehicle's presence:

T Environments wi t h Uncertainties: I nfl uence
atmosphere.

1T Reacting Environments: Weakly influenced by

T Adaptive Environments: Characterizedebyenper
Ssystems.

T Intelligent Envi senmémtgs mekRdhastcéosmmaqaald ahium
such as i-hefeqgmae emetawar kKs .

To survive in intelgleingemt i env iUrAYK8 mamutss, bree xatb
forecast evolution, and adapt structurally to so

Structural Adaptation of UAV El ement s

While traditional UAVs are optimized for a si
airframe configuration as thepfimghtpeeffommarcda
entire envelope

Adaptive Wing Technol ogi es

An adaptive wing provides continuity of aer ol

internal mechansembadef or mht secandl ead to drag r
Variable sweep ]
In-plane chape
change (2D) Variable chord J
Variable span ]
Methods
& CVC?nngmg Airfoil profile Uniform camber change]
geomgtry adjustment
Local camber change

Out-of-plane Twist (chordwise)
wing transformation
Bendlng (spanwise)

Fi gCl dssification of methods for changi
Source: created by authors

S . i B S

Primary Methods of Transformation:

T Variable Sweep (Sweep): Al l ows efficient f
regi mes.

T Vvariable Chord (Chord): Uses flexible skins
i mproving takeoff and | anding performance.

T Variable Span (Span): Telescopic sections i
higpeed flight.

T Profile Regulation: Continuous adjustment o

or camber) to prevent flow separation and reduce
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T Ouofl ane Transf or mawiisoen :t winsctW unsige sabnedh dsvpdage S

bendi ng, as7 0 evanl kiynr itehe iBnproves directional st a
spe.eds

Adaptive Propul sion Systems

For small UAVs , adaptive carbureted internal

el ectromagnetic valves to open and -ail rosmi X3t0urt e nree
of altitude or temperature.

For heavy UAVSurAdapt Evgi Gas ( GTE) incorporat
path. Programs | ike ADVENT and AETD aim tn20p% odu
more thrust by adjusting ildymdsng/ ovwarrd aailre riendiedt r

I/ 12

A [ _

Fi g.Sclhtee.mat i ¢ o fada phyi-pveet lgeatse ¢ a hwgi it nhep f(ItGhiMEN e gu | at |
el ement s
ld variable inlet guidkcadjpnesalbl &Vsgdiost theufiaan
str edd@dmsar isabaltaonres of t Hé adomptadder radi al clear a
t he -phriegshs ur e Zdofmpele sswppl y t o t6éDea dajduasptta bvlee7 ctohm bru
dregul ation of the compressor turbine (variahb
clear8meas) able nozzle gui%eadjamsetsamlfe trhadifaln dlu
tur bdlighear i-gaebdmeet r Yy B mhiuxedr ;supply to thd faddpti ve
modul atriengg mealgleametaby enozzl e.

Adaptive Energy Supply
[ i

To overcome battery mits, adaptive energy r.

T Wireless Laser Recharging: Continuous energ
stations.

T Tethered Systems: Provide virtually unl i mit e

the need for onboard energy storage

Concl usi on

Structural adaptation, particularly when comb
negeneration UAVs. By allowing the vehicle to ct
in -riemé, these techmode¢fféetsi eamds ® imn slsiighl y dyn
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Morta Janut&dnaitéd, Esmeralda Gtyps, Kis
Lietuvos inginerijos kolegija

Anotacij a
Giuo metu vienas pagrindiniO igglikiO, su kuriuo su
tori ai yra gebajimas skristi nenaudoj ant navi ga
rinti tdigk ©! unmd uv idsdd dlkgroy &s faktori O, toki O kaip
gio trajektorijai. Esamos kameros tokiuose bepi
mo s DZ airios ugduopamsi.l dbara galldsotprlkeagmesrtaleskurl
acijai, gal i ugti krinti tiek nenutrl kstamN DXair
utN ir tokiu bldu vizuali ai naviguoti orl aivDZgv
i kgmini Bepgbdgiaiorlaivis, naudingoji apkrova, n
jvadas
Didgiojoje daugumoj e mag
kanka vykdant ugduotis i
temos, tenka naudoti esa
bi mo objekto. Tal i au nu
o |
a

tipo bepiloliuose ¢
ealiomis sNIlygomis.
Nakamer Naegsamo&aVviaei
enlia wugduoties vyk
ntavi mui si , o ne wugdu ai
jmtntuad s vizualiai pagal t
ra, kuri bltO skirta ti
dgi o metu?
Tyri mo @&bpekohsPenogruliani vMkp i2l.05t oV TkceLmer os i r nau
modul i o dangtelio model i s.
Tyri mo Stuipkrsoljdskpiuloolii o orl aivio piloto kamer oc¢
dangtelio model Dz
Tyrimo ugdavini ai

DX ykdyti .-sRai sgi
gemas matomus orie

o
d
m
k
[
n
k pilotui, leistO tur

< O DD

1. Apgvedegpiil ol i o orl aivio piloto k a mepracssk i  t D
konstrukcij N, veikimo principN bei funkcinius el

2. At 11 kti suprojektuoto bepipiollotoo okdmewvo o iPre
apkrovos modulio teorinius stipruminius skailiav

Tyri mo metodai

1. Techninds | iterandudst a adbiedpriilZoulcjroanddird &i vi o
naudi ngosi os apkrovos moduli o dangtelio modelio

2. Ti ksl inéds | it eriantalurdoost ag aabneap ni lz&ilog caanttir £ &i vi o

naudingosios apkrovoskeloidahmio tdanlgnienii s moaiek alua

Surinktos informacijos bei tikslinas bhierpitleoc|hinc
or | &Piewnigaui n Mlkpi2d.ox oVIk@GLmer os ir naudingosios apkr:
| ei siantis orientuotis skrydgio metu.

Bepilolio orl aivi ok ®rextgrud knc iMki &i. 5y praitOlL ma i

Penguin Mk 2.5 VTOL bepilotis orlaivis (1 pav
il gos skrydgio trukmas modulinis orlaivis. Orlai
i g anglies pluogtongMgsyja@kyroa at,altmiinama indddii g
su jos tvirtinimo mechani zmu, ar vartotojo pas
vartotojas. Taip pat priekinis modulis talpina P
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Priekinis- (nosies)-apkrovos-modulis|

lpaBepil otis orlaivis Penguin Mk 2.5

Modulis prie fiuzeliago yra prijungtas rotac:
funkcija yra naudojama orlaivio kilimo, tipimo b
sensori O nuo galimo kontakto su §eme.

Pil otui vykdant kilimo ir nusileidimo procedlI
nustatytas minimalus aukgti s, nosi s apsisuka 18C¢C
bl du orlaiviui pasiekws agemn, kamera |ieka nepag

Vi si komponent ai esantys nosies modulyje turi
modulio ig kurio radijo rygio signalu informacij

Tvirtinant kamer N prie dangtelio svarbu DZXZer't
apsaugN. Fi ksacijos elementas yra svarbus, kad
pasiprieginimo ar manedaOo Pepigi ausamsownvi diraicuj o
gi O fazi O metu kameros yra nenaudojamos. Tvirtin
jog nusileidimo metu nosies modulis apsiveslktiasdl
Taip pat pats tvirtinimo mechanizmas turi b1 ti n
gali ma pakei sti nauj a.

Esamos ir papildomos kameros tvirtinimas prie

Penguin Mk 2.5 VTOL bepilotis orlaivis igsis
tei kiamO sensori O ir galima pasirinkti sensori O
atveju naudota gami ntndjmo tediekmneannma i kka meKraames ia tj vaiur
kuris D&istato DZnosies modulio ertmn ir yra tvi
nosies modulyje prie kameros jungi asi ir maitini

2 3 - Payload (4
holding screws || ‘

1 - Main connector
2 - Antenna connector

2paameros tvirtifrmiimo konstrukcij a

Kadangi nosies modulis prieg kylant ir |l eidgi:
vadovaujantis instrukciij a, Ssujungt.i |l ai dus t am,
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viduje ir nenutrlktO®. Po kameros D#H&ajimo yra bl
porei ki ui DZ nosi es dal DZ gal i rei kati D&t at yti p a

Papil domos kameros montavimas prie bepilolio
vietos bei konstrukcinio modelio pasirinkimN. Gi
Tai yra Dprasta FPV (ang.r aFi rksutr i Perassd ny y\Wwie wl)a |l a nuar
rygkioje saul as gviesoje, tiek prieblandoje (3 p
3pa®il oto kameros matymo kampai: a) vertikalus

Galtinis: sudaryta autori O

Nustatant kameros vietN ant priekinio nosies

DZ matymo | aukN patenkanl|lios bepilolio orlaivio ¢
Penguin Mk 2.5 VTOL buvadjwaadovadyj akmarseir ogi agiasd ak ri
nustumta DZnosies modulio priekinn dalDZ kurioje
nosies modulis yra apsukamas 180A kampu DZ virg¢
sumaginant kameros smigio DZ gemi tikimybn; 2) s
mi ni mi zuot. nauj ai atsiradusDZ oro srauto poveikKk
atstumN (ang]l sl ant rlamg et alpajei MbBIA, prkiuaeg ss ayvea
trajektorijos sekimui

4paPil oto kameros | aikiklis su apta

Galtinis: sudaryta autori O
Kadangi kamera yra skirta tik ¢gilrajimui DZ p
kameros tvirtinimo | aikikIlis, kur iKsa mtev iar tgi onnaunoass
tvirtinimo tagkus, kurie ir bus naudojami jos twv
aptakas, siekiant nukreipti oro srautN skrydgio
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Tyri mo metodi ka
Esamas nosies modulio virgutinis dangtelis yr

komponent ams, taip pat jo aerodinaminis dizain:e
skrydgi o metu. Jis yra plagmansnm) absr ilgakmaig!lli esg wpd
keturis tvirtinimo tadgkuDzZUKSupobetwvitinnmei dpt atet
5 pRangtelis su piloto kamer a
Galtinis: sudaryta autori O

Esant didesnei dragmei, jungiamosios |linijos |
apribotO® dradgmds kaupi mNsi. Vykdant tyrimN dangt
tvirtpiawt.i) r( uvo DZertinta tai, kad: 1) papil dom
fi ksuotoje pozicijoje; 2) bepilotis orlaivis net
kameros |l aikiklis tumidaalliaisky@igaposhki ©adnet gr @i
skrendant i ki 32 m/s greiliu.

Tyri mo opbijleokitoaskamer os-Huavidk ikd g amisnut agsa urba wd oj a
Bambu Lab P1S i-QF.meTaii agyoa HAiSAndartinis ASA tip
pluogto dal el d&mi s. Gi med¢iyaggoamsp asri guVmis pg enrdw | a tas
prideda standumo ir mat menO stabil umo. Pagrind
parodytos1atlietnt ek aamai.

1l entMeldgi ag6B RBASAiIi ki[nd]s savybas
Veiksnys Informacija Testavimo metodai
Medgi agos tankis 1,02 g/cnd ISO 1183
Lydymosi indeksas 1,74 +£0,3g/10 min 210°C
Lydymosi temper at| 210°C DSC, 10°C/min
Vi karo minkgt &j i m 108°C ISO 306, GB/T 1633

2 lemMeegiaagG6E MS&Ahani hdp savybas
Veiksnys Informacija Testavimo metodai
Tempimo stipris (XY) 34 + 3 MPa ISO 527, GB/T 1040
Tempimo stipris (2) 30 +4 MPa ISO 527, GB/T 1040
Lenkimo stipris (XY) 72 +5 MPa ISO 178, GB/T 9341
Lenkimo stipris (Z) 33+3 MPa ISO 178, GB/T 9341
Smigio sYipris (X[ 140+22klm ISO 179, GB/T 1043
Smigio stipris (2Z]94+06KkJm ISO 179, GB/T 1043

Stipruminiams skailiavimams atlikt:i buvo nau

programos
T J Autodesk CFD buvo DXeltas paruogtas pil ot

aplink jDZbuvo sukurtas vajo tunelis su oro srau

T Autocad Fusion programos pagal b(a6 bpuavikou yait |1ieki
pati krintini ar konstrukcija atlai kys numatytas
vajo tunelio.
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6pavagos, veikianlios piloto kameros
Galtinis: sudaryta autori O

Tyrimo rezultatai

Aut odesk CFD 2027 programoje oro savybas mod
at mosfera: 10AIC3, 2T5 elsPaDAijri mol5 r i gadjimo ribomis
skailius nustatytas 500, ties 237 konvegeraciij a
aplink piloto kameros tvirtingimousilea metnatNi niro jsols
ties kameros priekinamis briaunomi s, mas Nmakr t |
toliau naudosime apkrovO priekindms briaunoms sk

(S) Static Pressure - dyne/cm2
544539
45000
35000
25000
15000
5000
-5000
-15000
-25000
-33961.6

10,5255

8 xv Plot: kamera - ——
Savedata.. | |Saveimage.. Sevepointi. | (5) Static Pressure
(55,1429;16,2025;12,551)

0,02 =~ Scenario 1 (dyne/cm2)

0,018 —

0,016

0,0185272)

0,014

0, max:

0,012

Static Pressure <MPa> (m
° ° =
§ 8 ¢
L 1 1

_%

UO()?.—l

T T T
o 50 100 150 200
Iterations (min: 0, max: 237)

o simuliacija vajo

6pa®tatinio sl agi
sudaryta autori O

Galtinis:
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Aut ocad sion programoje, atliekant statinio
duolt,a0 18527 MR anud g karcdvjao.s rezul t at ai par 09,a0 7(97, p

O §urina saugumo riba yra 4

Fu
2

Result Summary

Result type Sub-result Minimum Maximum
Safety Factar .
Safety Factor 69.079 91B1E+06
Stress.
Von Mises 2178E-06 MPa 0289 MPa
1st Principal -0.12 MPa 0322 MPa
3rd Principal -0.402 MPa 0.096 MPa
Normal XX -0.257 MPa 0117 MPa
Narmal YY -0.182 MPa 030 MPa
Normal 22 -0.249 MPa 0108 MPa
Shear XY 0.082 MPa 0.059 MPa
Shear Y2 -0.08 MPa 0,061 MPa
Shear X2 -0.139 MPa 0.071 MPa
Displacemant
Total 0 mm 0,002 mm
X 0.002 mm 0.002 mm
Y -4, B63E-0& mm 0.001 mm
z -1303E-04 mm 0.002 mm
Reaction Force
Total oN 0786 N
X -0.45 N 0242 N
¥ Q751N 0132N
z -0223N 016N
Strain
Equivalent 1384E-09 2362E-06
15t Principa 99776-10 158E-04
3rd Principal 243E-04 1935E-08
Normal XX 7792E-05 4396E-05
Normal YY -5675E-05 11B4E-04
Normal 22 -5.291E-05 A115E-05
Shear XY ~1.007€-04 7221E-05
Shear YZ -9.888E-05 7S13E-05
Shear X2 ~1.715€-04 B7776-05

7 pRagrindiniai simuliacijos rezult
Galtinis: sudaryta autori O

Vertinant ¢gDZrodi k|l DZ gali ma teigti, kad konst |

Di skusij a

Skrydgi o metu nosies modulis yra stacionari o]
dangtelio leidgia turdti nuolatinDZvaizdN skryd:
esanliu ¢gemal api u, gafgskbrvicgiuas i abj eklems i €s Bnbi
bepilolio orlaivio bivimo vietN. Tuo pat met u
gvalgymo ugduotis be poreikio nukreipti k@amer os
vi etovaje.

Bepiloliui orl aiviui Penguin Mk 2.5 VTOL pil o
gamintojo kel iami rei kal avi mai naudingaj ai apkr
papil domN kamer N, be mralvaigwbBZ §lorsy d @jied aBé&tr @@ d @ @iulo
GPS orlaivis pradeda naudot:i i nercines navigaci|j
tarpN (Dprastai i ki 5 min), valiau tikslumas sun

Turint pakankamai di del DZ pervir
di apazonus. Tokiu bildu buvo DZertin : kuri ose:
vietos yra | abiausi ai l i nkusi os i gl nkt.i

lg 8 pavei ksl o matyti, kad jautriausios yra pi
ateityje, norint optimizuoti ¢gDZ model DZ . gal i ma b

gbz esamN ko
t a
i

101



-
o B
-
8paPoslinkio vizualizacij a
Galtinis: sudaryta autoriO

Vo Wi sise mpapagptar sd b pnkanst awikeligjavse gla $ imena y D ig,
priekiamebaisks iké naedal|Qi®s8si j lsrudya maityerlmiod e n ¢ iaalt ir aiaus
pagei diidniddmpskr paalta@i aTwsdi@avOt @ ast orlieniisiaG Kraigmtv iu s
apkrgveisenesi deformuot O.

'ﬁ Von Mises Stress (MPa)

0.289 r\‘ Max

QI EH~

l19aVon Mises DZIempia

Galtinis: sudaryta autori O

Tai gi , pilotas, turadamas kamer N su nuol ati ni
skrydgio margrutN gali vykdyti skrydDZnenaudoj ar
trikdgi O bei padidinti palio skrydgio saugumN.

|l gvados

Magojo tipo bepilolius orlaivius naudojantys
navigacini O sistemO. Inercinds sistemos dagnai vy
dal i goréads veiksni O,attloikei kéa nkia inpa nbeevprialio |airo voarjloa i D

Esamos kameros tokiuose bepiloliuose orl aiviu
jos naudojamas vizuali ai navigacij ai iglieka apt
sekti skrydgio mar gmamiNg U at it okriluaibv DZug wd izsuial i pd r

Suprojektuotas bepilolio orlaivio piloto kame
U raidéads formos, prie kurio gonO kamera tvirt.i
mi ni mi zuot.i dal kamer os taitssi radusi us papil domus

At i kti stipruminiai skailiavi mai paroda, kad
stipri, saugumo faktoriu 69, 079, rei ki ama koef |

S
apkrovas prie 35 m/8, 0OA8®52%2i prumo, kurios yra
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Turint pakankamai di del DZ pervir gDz esamN kon

di apazonus DXZertinant vietas, k urvigetl d smal ashieanwed ie
i glinkti
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THEORETI CAL MODEL STUDY OF THE PI LOT CAMERA AND PAYLDO
PENGUI N MK 2.5 VTOL UNMANNED Al RCRAFT

Summary

Currently, one of the main challenges faced by pilo
without the use of navigation systems. Il nerti al syste
flight doeftactextsermsach as maneuvers performed by th
flight path. Existing cameras in such unmanned aircra
For this reason, eama, aavthi cihhomwalul pgi Ibet usaemd only for v
uninterrupted execution -opevatbousotbaseskbowntdhel fbiwghh
the aircraft at any time of the day.

Key wdmananned aerial vehicle, payload, navigation.
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DEVELOPMENT AND ANALYSI S OF METHODS FOR DECRYI
REDUCTI ON | NKPYBCRYPTOSYSTEMS

Petras Nefas, RIta Jankiniené
Lietuvos I nzinerijos Kolegija Higher E

Abstract

In recent years, publikey cryptography has faced an increasing demand for efficient and alternative
cryptographic constructions capable of reducing computational resource requirements in cryptographic systems. One
potential approach involves exploitinggherdegree functions instead of conventional RSA or other traditional
encryption methods. However, such approaches significantly complicate the decryption process becatseadulti
mappings introduce ambiguity, requiring additional mechanisms fotifgieg the correct plaintext message. This
paper investigates practical methods for efficient plaintext identification without transmitting redundant auxiliary
information by employing cubic mappings. When the modulus is constructed from prime numib&ringatpecific
conditions, the decryption process produces nine possible cube roots. Such ambiguity limits direct applicability of cubic
mappings in practical cryptographic schemes. Three methods for identifying the original plaintext among nine possible
candidates are proposed. The first method employs adaptive Jacobi symbol sequences with shifts. The second metho
exploits structural relationships between consecutive plaintext messages. The third method optimizes the second
approach by transmitting onlg small number of least significant bits from a secondary ciphertext. Experimental
evaluation was conducted in Java using 1bR241536bit, and 204&it moduli. Results demonstrate that all three
methods reliably identify the original plaintext. The frciphetext method exhibited the best traol between
computational cost and communication overhead, reducing decryption time by approximately 50%.

KeywolPdbd-kégy cryptography, cubic resiaguedsunciaoanli
arithmetic, cryptographic identification.

I ntroducti on

The rapid development of information technologies, electronic commerce, cloud computing, and
distributed communication systems continuously increases the demand for secure and computationally
efficient cryptographic solutions. Publiey cryptography remas one of the fundamental mechanisms for
ensuring confidentiality, authentication, integrity, and secure data exchange in modern information systems.
The most widely used publkey cryptosystems, including RSA and Rabin schemes, are based on modular
arithmetic and the computational hardness of integer factorization. These cryptographic mechanisms have
proven their effectiveness in a wide range of practical applications, including secure communications, digital
signatures, authentication systems, and alrititransactions. Alongside traditional cryptographic schemes,
increasing attention is being devoted to alternative mathematical constructions that could reduce
computational complexity while maintaining an adequate level of security. Such interesvateddy the
growing scale of digital communications, the proliferation of reseoorestrained devices, and the need for
efficient cryptographic operations in distributed environments. One promising direction is the application of
higherdegree modularnctions in publigkey cryptography. In particular, cubic mappings possess several
attractive properties, including computationally efficient encryption due to the use of a small public
exponent. In comparison with conventional puldty schemes, such ma@pgs may offer reduced
encryption complexity and simpler pubkey structures. However, unlike traditional pukdiey
cryptosystems, cubic modular mappings may generate multiple valid plaintext candidates during decryption.
Under specific conditions, whethe modulus is constructed from prime numbsatisfyingn k 1 k
p il 1 A&, the decryption process may produce nine possible cube roots corresponding to the same
ciphertext. This ambiguity significantly complicates practical deployment of such cryptographic
constructions and limits their applicability in reabrld communicatiorsystems.

Although previous studies have extensively investigated algorithms for cube root computation, finite
field arithmetic, and theoretical aspects of higheter residues, comparatively less attention has been
devoted to practical methods enabling determmigentification of the correct plaintext message among
multiple candidate solutions without introducing substantial communication overhead or redundant encoding
schemes. Consequently, the ambiguity problem remains one of the primary obstacles limérmgyaatical
application of cubic mappings in pubkey cryptography.

Furt healnmohroecugh efficient cube root computation
applicability of cubi c mappi ngs remains constr
me ¢ h a nkxistimgs studies primarily focus on mathematical properties of cubic residues and root
computation procedures, whereas comparatively little attention has been devoted to deterministic
identification of the correct plaintext message among multiple vahdidates. As a result, a gap exists
between the theoretical feasibility of cubic modular cryptosystems and their practical deployment in real
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world cryptographic applications. Therefore, the development of efficient ambiguity reduction methods that
do not require substantial additional communication or computational resources constitutes a relevant
scientific problem.

The research object of this study is ambiguity elimination in pidaiccryptosystems based on cubic
modular mappings.

The aim of this study is to develop and experimentally evaluate methods for deterministic
identification of the original plaintext message among multiple candidate solutions generated during cubic
function inversion.

To achieve this aim, the following taskse formulated: to analyze the theoretical foundations of
ambiguity arising in cryptosystems based on cubic modular mappings; to develop ambiguity reduction
methods based on Jacobi symbol sequences, structural relationships between consecutive plaigest messa
and partial ciphertext information; to investigate the effectiveness of the proposed methods through
theoretical and experimental analysis; to evaluate their computational efficiency and security implications;
and to compare the developed methodsriaeinto determine their practical applicability in pukdiey
cryptographic systems.

The research employs methods of number theory, modular arithmetic,-keyplicryptography,
algorithm analysis, statistical evaluation, and experimental performance testing implemented in the Java
programming environment.

The article consists of the following partseclion 2 presents the problem analysis and literature
review; Sction 3 introducesesearch methodology, while Section 4 presémesadaptive Jacobi shift
filtering method Section5 presents the consecutiveesgge pair identification method, ar®ection6
describs the partial ciphertext metho8ection7 provides a comparative performance evaluation of the
proposed algorithms, arfekction8 discusses the obtained resuRmally, Section9 summarizes the main
conclusions and outlines directions for future research.

Problem Anal ysi s
Pubkéy cryptosystems based on modul ar exponen

of modern cryptography. The most widely known re
security relies on computratfladlrRBIA fearcd ryepsd s omf iisn:
wka T A,where the paibd icelexptommkento ensure unique

[1.1 n contrast, Kabiini &ipgpti opreawdyd egd.mubDadr ypti on
candidate plaintexts becaude 3Jour square roots e

Ambiguity elimination methods for quadratic r
Existing solutions include redundant bits, struc
[ 2, 3] . These approachéeéi danpirmrnwebutet gemenabtic
overhead or compdHdowevemal scomphmexhddgs primarily

not directly -dppgprieeabluectoohsgher
Numbtelreor etic research has-oexiteensiewdldyeisnv esat
resi duers Mmadlelro speci fjD)jewhceahedik pi 6 iseach cubic res

possess up to nine distinct cube roots. This pt
Theorem and multiplicative group properties [6].

Research in this area has primarily focused ¢
Earlier studi es investigated cube root comput g

g
computational complidk4;t yRdrMadtl g2230R060UATE8OL3resea
optimization possibilities for these methods an
u

101708, 10 pp.) . These studies mainly empthyapse ze
transformati ons, applications of the Chinese Rel
field arifehmetic [ 4]

The mat hemati cal foundations of applied crypt

and the theoretitvalsepgricngipplogs aphi &l gghbt@ams, hayv
foundational <cryptogtr aaplhi,c 20ilt8e:r a8tluér ep p(.Me.n efzhees te
key cryptography, the RSA algorithm, el liptic

mat hemati cal cryptographic algorithms ar.e (sGl4:r
540 pp.). Within the broader context of modern ¢
posed by quantum computi nguamtdurmocrtyhpet adgernvap lipanem
al ., 2009; Ber wstidi8i8)and Lange, 201
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The Iliterature analysis revealed that exi sti

al gorithms, mat hemati cal foundati ons, security
provide |ittle practicaltliynvastnitg dtyi otnh ei nctoor r eacw
multiple possible candidates without transmittdi
identification information in cryptographiéé sch
additional data weakens the sweacyurfiunyc tpiroonp e rUunileisk
decryption produces a unique result, or t he Ral
functions may generate Jmp]t,o [Bilne Ao g dieb ldee ga a&red i
number of possible solutions grows rapidly, maki
or requiring additional transmitted informati on.

However, the growing demand for efficient and alternative cryptographic constructions motivates
renewed investigation into the potential of highegree functions. The cubic mappiadg & | 1 A

possesses several attractive properties. Due to the small public expegnericryption can be performed
faster and may require fewer computational resources than traditional schemes [1, 2]. Thkepublic
structure becomes simpler, while key generation procedures may require fewer auxiliary parameters. If the
ambiguity problen could be eliminated efficiently and reliably, such functions could become a competitive
alternative to existing publikey cryptosystems.

I n previous studies conducted by the authors

key cryptography forming the theoretical foundat
Efficient comput ati drcalt i met podsiondithesr wappl a
algorithms for determining Eulerod6s itlettli)entwhfi U re
factorization problem was investigated asubdne of
key cryptography {(1INeOf)as Meotr ealr.e,c enx2 2s:t uldéses have
practical aspect okeensuyphggsaepghiré¢ t yyitmwe mab( Ne

t

h

c S
Considering he above, a <c¢clear research gap
computation #8ét hedmpaxiast vledy | ess attention has
and efficient solutions ptosy®i éms ndtiseg a@mbicguub
empl oying redundant encoding schemes or signific
wor k investigates practical met hods enabling de:
among mul tiple possible candidates. Three algorit
symbol s, structural relationships between consec
These met hods emeabpreaetviad ailata pml iod alb ikleiyt y royfp t coughr
and establish a foundation for further experi men

Research Methodol ogy

The research methodology consists of theoretical analysis and experimental validation of ambiguity
reduction methods for publicey cryptosystems based on cubic modular mappings. The study combines
methods of number theory, modular arithmetic, pukéyg ayptography, algorithm analysis, statistical
evaluation, and experimental performance testing.

The first stage of the research focuses on the theoretical analysis of ambiguity arising dusi@ninver
of the cubic mappingy{ & ¢ ‘@) when the modulug( n ) is constructed from prime numbers satisfying
the conditonij k nk p I T A ). The mathematical properties of cubic residues, cube root computation
procedures, and ambiguity formation mechanisms are analyzed using concepts from number theory and
modular arithmetic.

Based on the identified ambiguity problem and the research gap revealed by the literature analysis,
three ambiguity reduction methods are developed. The first method exploits statistical properties of Jacobi
symbol sequences. The second method utilizagtstial relationships between consecutive plaintext
messages. The third method is based on partial ciphertext information and represents an optimization of the
second approach.

The effectiveness of the proposed methods is evaluated through theoretical and experimental analysis.
Three research hypotheses are formulated and subsequently verified using statistical experiments. The
evaluation focuses on the ability of the proposethods to uniquely identify the original plaintext message
among multiple valid decryption candidates.

Experimental investigations are implemented in the Java programming environment (JDK 17).
Randomly generated prime numbers and plaintext messages are used to construct test datasets. Statistic
validation involves up to 10,000 experimental trials, dependn the investigated method. Cryptographic
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moduli of 1024, 1536, and 2048 bits are selected to evaluateeti@viorof the proposed methods under
different security levels and computational conditions.

The proposed methods are assessed according to four criteria: identification accuracy, amount of
transmitted auxiliary information, computational performance, and security implications. Computational
performance is evaluated by measuring execution timbsthrthe sender side (encryption) and the receiver
side (decryption and identification). Statistical analysis is used to determine the probability of successful
message identification and to evaluate the practical applicability of the proposed amleduittion
methods.

Theoretical Analysis: Adaptive Jacobi Shift F
The Jacobi symbol is a generalization of the
Legendr eifip,ywimiemiles a pri me number, deaisr mi mesadwkéet |
modwpl oi . e., whet herxstulcenr & heaxi gtls) :an i nteger

Okoaeq (1)
|l f such a value exists, the symbol is exkual t
mMmd&éEQ,t he symbol is equal to O.

The Jacoli#,sywtieadlel En ,is defined as the produc
(2):

CIE . E oM (2)

't is important to note that, unlike the Lege
whetahesr a quadr at nc Hoewse vdeure, motduplroeser ves i mporta
computed efficiently without knowledge of the f a

Jacobi symbol computation is performed using
with symbol reciprocity rules; 0t hREFefotdjsitreas
practically suitable fobbi tusmodviltih) | arge modul i (

I n this research the Jacobi symbol i s empl oye
ach symbol value contributes one bit of infor ma
iscrimination of tRenoorgi giewvalr apl piostsé otl emeanadg
s based on the assumption that Jacobi symbol Vo
ndependent random vari abdipewi ttha ka pmr ovxail nuaetse | fyr oenc
ince the Jacobi symbol is a deterministic funct
nd identically reconstructed during decryption.

Al t hough Jacobi symbols are deterministic val
exhibit statistical chanadome miehtaivi o rr e d eamliplairng c
moduli and varying iapuvevabhoebi pymboi veabundsne
freqguenci es. Consequentl vy, sequences of Jacobi
di scriminative information that can be edpktobti e
symbol sequences are investigated as a potenti al
from multiple valid decryption candidates.

It is expected that a sequieghiceg erfpwsilntthoeanyumb @l
tification of the original pl aintext message
he cubic function.
¢ n tn, whiekrrek pdé¢ @hand mbhee a plaintext Qkmessacl
BAssume that the decryption process ppoduces
H

QW TTTTQA0

is assumed that (t3h)e: Jacobi symbol sequence

ol O —h Q
For di fer

plt B R (3)
f ent shift values exhibits propercei
0* p 0* p TmvThe hypothesis 1 follows from this
Hypothéesi dJatobi symbol values corresponding t
those of i ndependent random variabl es, then a Ja

e
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mechanism for statistically eliminating incorrec
with high probability.
To test the proposed hypothesis, a statistice

random pairs @f)amrdi rpé an wrnreeetrsemegsesnaeg east e d . I n eac
number f prslBigcfmtrequired for the system to indepe
message was calcul ated (Table 1)

Tabl e 1
Experi mental Results
Number of Shifts (k) Na:gtrfrlgfc%%‘;’es Number of Shifts (K) Nzcmffrlgfc%%ies
1 0 7 579
2 723 8 318
3 2465 9 142
4 2697 10 71
5 1864 11118 81
6 1060 >18 0
Source: prepared by the authors
The data indicate that, i n most cases (mode
identification. The akb§ enceex poefctseuwc c ed snfcuel ac assi ensg
only one bit of information, whereas distinguish
1T @ opyidfs i nformation. More than 99 % of ident
steps

The obtained results support the theoretical
[ shifts can serve as discriminative fi.
t hat even & Wdalkabivelyynbohsriproegqdesc
h the correct prloaoitn tceaxntd i ndeastseasg ewiftrho nin in
The amount of auxiliary information transmitt
t al amount of transmitted information. Since a
t of information, liimapgred gt itceen & ygmbpu esnde dfy pd [
roughly ten addit ibanalmokdiutlsu.s, Whehn su srierpg eas ehQ -
ansmitted information.
I't is important to emphasize that the Jacobi
either the original plaintext message or the cub
s a filtering medlarilsmi nat i pgogmeovsirect cand
olutions. Since the symbol value is computed frr
nformation regarding inversion of tthe nc uboiecs fnuor
he security assumptwapnBupné€ttber. underl ying one
Assume that an efficient algorithm existed ca
message using the transmitted Jacobi symbol seq.!
transformed into anipfftbeectubmet iadhcfoobni wvehbo
factorizati on. Since such a possibility would cc¢
ongay function, it is reasonable to coensclnuwde ptrhoa
a practical cryptanalytic advantage.
I't should be noted that the presented argumer
of Rat her, it provides a heuristic justifica
appear to reveadl redfufciecitdret ciomfpant mdti ioorma | C O
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Consecutive Message Pair Il dentification Metho

The main idea of the second method is to ex|
consecutive plaintext messages. | f atamal Bewder
ciphertexts :are generated (4)

© & aé®and & p aé @8 (4)

108



During decryption, each ciphertext produces ni
sets) :
0 am Bk ATR & h B (5)
|t i s assumedowtdatppmonoqigbltehesaendi date pairs,
satisfying the original arithmetic relationshinp.
the corresponding candidate sets are eaxpdctpeadi rt
solutions. Al t hough multiple cube roots are gen
incorrect candidate pair satisfies the same ar.i
rel atiGonsshipp i(s investigated as a potential dete
Hypot heAsnomng2 .candiEdat besetexi stsaha ,satgstyipmag
cond:iat iconpd8l f t hi s hypothesis hol heant he det gr mal
identified without requiring additional statisti
satisfying this. arithmetic relationship
I't should becamdta@&mde t hiap h ddrottédaxt s ge nwearyatfeuwn cutsii:
Transmitting these two values does not mrsivrecad w
recovering the meadsdsiargeec tflryo m eediutcheesr t o t he probl e
i . e., extracting awhciucbhe irsoo¢ o mpowltudtoi onal |y di ff
factorimbBhe omseofof these additional transmitted
assumptions f the cubic inversion probl em. Su
reconstruct the plaintext messagechisamgal dher it twhr
used to solve the cubic function inversion prob
would contradict the securway fausnscutmpan.on of t he
The experiments were conduc-bed,-biht a6 dbaidta 2n@oddduil
n. For each key 1l engt h, 1000 trials were perform
The experimental results support Hypothesis 2z
candidate pair soatdasfpwasgideatcdneidti anall tri al
Tabl e 2
Medi an Execution Time of Operations:s
Key Length Trials Errors Accuracy
1024 bit 1000 0 100 %
1536bit 1000 0 100 %
2048bit 1000 0 100 %
Source: prepared by the authors
Tabl e 3
Execution Time Distribution (Median Valu
Operation 1024 bit 1536-hit 2048 hbit
Encryption 0,010 ms 0,019 ms 0,032 ms
Cube roots front 1,60 ms 3,77 ms 7,33 ms
Cube roots front 1 1,60 ms 3,75 ms 7,34 ms
Pair searcliMxM1) 0,002 ms 0,001 ms 0,0016 ms
Total 3,22 ms 7,55 ms 14,85 ms
Source: prepared by the authors
As shown in Table 3, the majority of executior
which is performed twice in this method.
Anal ysi s -boift tkheey 2d0a4s8e r eveal ed that:
1 Encryption accounts for only approximately 0.2% of total execution time.
1  Cube root extraction dominates the algorithm structure (~99.8%).
1 Candidate pair search is computationally negligible (< 0.01 %).

The overall execution time grows approximately quadratically with increasing key length, which is
characteristic of largenteger arithmetic operations, such as modular exponentiation and application of the
Chinese Remainder Theorem (CRT).
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Parti al Ciphertext Method

The third algorithm represents an optimization of the second method aimed at eliminating two major
limitations of that approach:

1 communication overhead since two complete ciphertexts are transmitted, effectively doubling
the communication volume; and

1 computational cost because the receiver is required to perform the computationally expensive
cube root extraction operation moduldwice.

The main idea of the third method is to transmit only a small portion of the least significant bits (LSB
i Least Significant Bijsof the ciphertexfd & p G € @i nstead of transmittin

The algorithm operates @sa fiédl@lamds :a tphdé ®ender

endeat otgrea rheenkil tevet $ h ¢ henidi.Theanec di ver odomput ¢

tsc frobmaining thhed [Gathhdi dFaotre esaecth Gctameli datei \
i tionaltl estcoanputicersp eéxét@and comiklaeast thiegmi fi ca
h those receihedcéndomdathe wlkoserbits match i ¢
smge
Hypothesis 3.A small subset of ciphertext bits is sufficient for unambiguous identification.

S
S
it

Since the probability of a random match for an incorrect candidgte i he expected n
incorrect candidates remaining after filtering i
Oer r ogixg (6)

As k increases, this probability decreases exponentially, causing the probability of unambiguous
identification to rapidly approach 1.
To validate Hypothesis 3, a statistical study was conducted using ébR@48dulus across 10,000

experimental trials. The resuise monstrate the relationshi pkabnedt we e
identification success rate (Table 4):
Tabl e 4
Results of Hypothesis 3 Validati on
Number of Bits (k) Unambiguous Cases Ambiguous Cases Possibility
4 5868 4132 0,5868
8 9693 307 0,9693
12 9986 14 0,9986
16 9999 1 0,9999
18 10000 0 1,0000
Source: prepared by the authors

The following advantages of the proposed method were identified:

1 . Performance: Decryption speed increases by approximately a factor of two compared to
Algorithm 2, since the most computationally expensive operation (cube root extraction) is performed only
once. Encryptiond p a€ @i several thousand times faster the

2 . Complexity comparison: Although nine modular exponentiation operations must be performed
during decryption, their total computational cost is negligible compared to a single modular exponentiation
involved in root computation using the Chinese Remainder Theorem.

3. Compactness:Additional communication overhead is reduced by more than two orders of
magnitude (from 2048 bits to approximatelyi 18 bits).

4. Security: The transmittedk bits constitute only a small portion of the function vafbe
a p &€ '@ Sincekis very small compared to the overall modulus length, disclosure of these bits does
not directly reveal the original plaintext messagd~or a 204&it modulus transmitting 18 auxiliary bits,
the additional information constitutes less than 1 % of the total ciphertext length. The transmitted partial
ciphertext information is used exclusively for candidate filtering and does not dirextigepa method for
inverting the cubic function.

Assume that an efficient algorithm exists that is capable of reconstructing the plaintext message using
the transmitted partial ciphertext information. In such a case, the algorithm could potentially be transformed
into a method for solving the cubic ingesn problem modulo (n) without knowledge of the modulus
factorization. Since such a possibility would contradict the security assumptions of the underlyivagone
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function, the disclosed auxiliary information does not appear to provide a practical cryptanalytic advantage
or reduce the computational complexity of the cubic inversion problem.

It should be noted that this argument does not constitute a formal cryptographic security proof. Rather,
it provides a heuristic justification indicating that the transmitted auxiliary bits do not appear to reveal
sufficient information for efficient recary of the original plaintext message. In the proposed method,
auxiliary bits are used solely for candidate selection among already computed candidate solutions and do not
directly facilitate modulus factorization or inversion of the cubic function. Fosealrity analysis of the
proposed mechanism remains a subject for future research.

Comparative Analysis of Algorithms and Perfor

All algorithms and statistical evaluation tests used in this study were implemented in Java (using JDK
17). The complete source code enabling reproduction of the experimental results is publicly available in a
GitHub repository [15].

A comprehensive performance evaluation of all three algorithms (A1, A2, and A3) was conducted
using key lengths of 1024, 1536, and 2048 bits. For each key length, 1000 trials were performed while
measuring the average execution time at both the sendéPsidg Ai encryption) and receiver side (Party
B i decryption and identification). The algorithm comparison results are presented in Table 5:

Tabl e 5
Average Exe(cmg) on Ti me

Key Length Side Algorithm 1 Algorithm 2 Algorithm 3
1024bit A (Sender) 1,6187 ms 0,0109 ms 0,0114 ms

B (Receiver) 3,7666 ms 3,2765 ms 1,6611 ms
1536bit A (Sender) 2,8654 ms 0,0197 ms 0,0200 ms

B (Receiver) 7,5758 ms 7,6867 ms 3,9062 ms
2048bit A (Sender) 4,3705 ms 0,0333 ms 0,0334 ms

B (Receiver) 13,0190 ms 14,7795 ms 7,4674 ms

Source: prepared by the authors

Analysis of the obtained results (Table 5) reveals the following key observations:

1. Senderside (Party A) computational overhead: Algorithm 1 exhibits the highest
computational cost on the sender side (up to 4.37 ms using @R04Y), since computation of the Jacobi
symbol sequence is required. In contrast, Algorithms 2 and 3 demonstrate significantly lower execution times
on thesender side (approximately 0.033 ms), because encryption relies on modular cubing with a small
exponent valueeE3). As a result, these algorithms operate approximately 130 times faster than the method
based on Jacobi symbol sequence computation.

2. Receiverside (Party B) efficiency:Algorithm 3 demonstrated the best decryption performance.

It operates approximately twice as fast as Algorithm 2. This confirms the theoretical assumption that
eliminating the second cube root extraction operation reduces resilearxecution time by appximately

50 %. Algorithm 1 remains competitive on the receiver side only for shorter key lengths but loses its
advantage relative to Algorithm 3 due to the additional Jacobi symbol computations required for each
candidate.

Overall, the obtained results demonstrate tha
probl em, although they differ substantially in
overhead. Algorithm 1 yninnfmoematitomanhshAl goedt lam x
identificati on, whereas Al gorithm 3 achieves t h¢
execution speed, and communication efficiency.

Di scussi on

The experimental results demonstrated that ambiguity arising from cubic mappings can be effectively
eliminated using a relatively small amount of auxiliary information.

The Jacobi symbol filtering method revealed that a sequence of several symbols can function as a type
of messagei f i n g e rAlthoughna single Jacobi symbol contributes only one bit of information,
combining multiple such symbols enables rapid elimination of incorrect candidate plaintexts.

The consecutivenessage method provides a deterministic identification mechanism. Experiments
conducted using different key lengths demonstrated that the correct candidate pair can always be identified
based on a simple arithmetic relationship. Howeves, dpproach requires transmission of two complete
ciphertexts and execution of the cube root extraction operation twice.
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The partial ciphertext method represents an optimization of this approach. By transmitting only a small
number of bits from the second ciphertext, the receiver can identify the correct candidate without performing
a second root computation. Experimentauits demonstrated that this approach reduces overall decryption
time by approximately half.

From a security perspective, the amount of transmitted auxiliary information remains very small
relative to the modulus length. Consequently, it does not appear to provide a significant advantage to a
potential cryptanalyst attempting to reconstruct tteenpeéxt message or factorize the modulus. Similarly,
the transmitted auxiliary information does not appear to alter the computational hardness assumptions
associated with the cubic inversion problem or create practical conditions for more efficientyretoker
original plaintext message.

Although the proposed methods demonstrated high identification accuracy and favorable
computational properties, several limitations should be acknowledged. The-Basedimethod relies on
statistical assumptions regarding the behavior of Jacobi synipesees and therefore would benefit from
additional theoretical analysis. The consecuthe&ssage method requires transmission of an additional
ciphertext, while the partial ciphertext method introduces a small amount of auxiliary information.
Furthermore experimental evaluation was performed using cryptographic moduli up to 2048 bits, and
additional investigations are required to determine whether similar behavior is preserved for larger key sizes
and alternative modulus constructions.

It should be emphasized that the presented se

constitute for mal cryptographic security proofs
proposed ambiguity r eduwatri otno nreecdhuacne stmse doo nmpoutt
underlying cubic inversion problem or provide a
redutvtbised security ptrioedrsetaincd amaloyrsmast i owfn itome d
remain i mportant directions for future research.

Conclusions

1. The efficiency analysis of the three proposed algorithms demonstrated that their applicability
depends on achieving an appropriate balance between computational cost and the amount of transmittec
auxiliary information. Algorithm 1 enables message idemtifa while transmitting minimal auxiliary
information; however, it requires the highest computational cost on the sender side. Algorithm 2 ensures
deterministic identification but requires transmission of two complete ciphertexts and execution of two cube
root extraction operations. Algorithm 3 demonstrated the best experimentabfiradeveen efficiency and
communication overhead. By transmitting only partial information from the second ciphertext, reigver
execution time was reduced from 14.78 tas7.47 ms (approximately 49.5%) when using a 2048
modulus.

2.The conducted theoretical and

experimental i
i ngkey ouyppti easystems badé@®@®can bhee

ari s ettbcti mapyp
results showed that, although cubic function in
nNknkp adé¢aQ, the proposed ambiguity reduction met
identifying the original pl aintext message with

3. Statistical experiments demonstrated that when using Jacobi symbol shift sequences, the original
plaintext message is identified within 10 filtering steps in more than 99% of cases. Since each Jacobi symbol
contributes one additional information bit, thiethod practically requires approximately 10 auxiliary bits,
representing less than 0.5% of transmitted information when using abROd®dulus. However, this
method requires the highest computational cost on the sender side, with average executeachimg
4.37 ms when using a 204& key.

4. Experimental results demonstrated that Algorithm 3 represents the most efficient refinement of
Algorithm 2.Tr ansmi tti ng only the 18 | east significant
identification i n al Iwhilgreduding receieedide exequteon time #amt1l478 t r |
ms to 7.47 ms when using a 26di8 modulus. The elimination of the second cube root extraction operation
enabled approximately a twofold improvement in decryption performance.

5. The scientific novelty of this research | i e:
ambiguity reducti-lobey met hptdes yfsotrenpubdasced on cub
previously published studio@s, cwmipah api oma il lgy r i
properties of cubic residues, the proposed met hc
identification among nine possible decryption ce
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can be eliminated without empl oying redundant (
communi cation over head.

6. The obtained results indicate that the propo
transmitted auxiliary information (Jacobi symbol
practical cryptanalgyttihce andovdaunltussg et f aog ft Aet oubkckCn
analysis suggests that the proposed ambiguity r

hardness of the wunderlying cubic inversion prob|
futew research. Among the investigated approache
execution speed, communication over head, and i d:¢
practical detpilnoey nseynstt eimms .r e a |

7. Future research may be extended in several directions:

1 conducting deeper theoretical analysis of the statistical properties of Jacobi symbol sequences
to provide stronger justification for the effectiveness of Algorithm 1;

f investigating optimized shift sequences to reduce the required number of Jacobi symbols and
further accelerate the identification process;

1 adapting similar methods to other modular functions, such as fdegiee or fifthdegree
residue systems;

71 integrating cubic mappings into experimental cryptographic schemes or hybrid protocols to
evaluate their practical applicability in reabrld communication systems and identify opportunities to
reduce computational costs while maintaining the requiragtisgéevel.
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Santrauka

Vi egoj o rakto kriptografijoje pastaruoju met u i g ki
kriptografinams konstrukcijoms, kurios leistO sumagir
sprengirm@egi mmuugyi etayi Dprast O RSA ar kito ¢gifravi mi
potencial N. Taliau toks sprendimas genkliai apsunkina
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problemos igkyla papildomO mechani zmO porei kaiust otrdiag i
praktigkai tiria galimybn efektyviai identifikuoti pr
tam prit akkbainnn bildgn@nctikfaN dmordipudarytas i g pirmini O ska
nknkpaée, degifravimo metu gaunamos devynios gali mos
tiesioginDZgios funkcijos taikymN praktinédse kriptogi
identifikuoti tikrNjBPOpkandgdmNOt aPprmhaesiysai @egabas n:
sekN su poslinkiais. Antrasis metodas ignaudoja strul
optimizuota antrojo metodo verissjant kosio§egiperdgod
Eksperimentiniai tyrimai atlikti Java aplinkoje, naud
visi trys metodai |l eidgia patiki mai idegntidogkamos me
pasi gy mi geriausiu balansu tarp skailiavimo sNnaudO
degifravimo | ai kN magdaug du kartus.

Rei kgmi niaai vigoddjimai rakto kriptografiija, kubinas 1
modulina aritmetika, kriptografina identifikaciija.
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EXPERI MENTAL | NVESTI GATI ON OF REAR SUSPENSI ON (

Tomas Mickevilius
Lietuvos Inginerijos Kolegijal|lHigher E
Abstract
The vehicle suspension system is one of the most
el ements, shock absorbers, protective component s, and
di mensi onal desi pmeaft ssugd hensippd icamp on of advanced
arrangement and integration of suspension el ements wi

and ride comfort. The primasytoumbbidobeadfobtthp@acs sspans
mi nor vibrations transmitted to the vehicle body.
This study presents an experimental investigation
of evalwuating their stiffness under |l oading conditio
variations ahdreecbesnbetiwednfsprings belonging to thi

tests were performed using the LABA7 Spring Rate Test
mechani cal properties of deut cmatpresssuvepemaidomgspMhre
continuous measurement of | oad and?iddesfpolrantaetnmeonnt, cahlalroaw
The experiment al results demonstrate that <coil spr
exhibit identical di spl acement responses under equi V:
were observedompresugihonutprntdee <5, becoming more pronou
The findings indicate that even relatively small vari
the rear axl e, whichadbandidadgveamdselry def fcoatf ovehi dlhe $ix;|
deviations ranging from approximately 4% to 6% bet wee
Kewora®oil spring, stiffness, force, displacement

I ntroducti on
Recent advances in automotive suspension Syst:¢
for ride comfort, driving safety, and ¢t he i nt e
Al though active suspensieorna bsl yes treensse atracvhe artetceenitv eo
i mprove vehicle dynamics, passive suspension sys
passenger vehicles because ofeffhetir vesrnaeampd.i cCbn
mechani cal characteristics of passive suspensi ol
cruci al role in determining vehicle ride comfor
precisely measumidng ragrkiimg nainfuffraecdsura ng i ncons
focus in ongoing research (Yu et al., 2024)
A vehicle relies on its suspension syste
ntegrati both rigid and elastic component s,
moot h, ble ride (Ptisdiamc&uldet daynmper23022®) ask
s. Whenever a vehicle hits uneven gr o
the chassis (Han & Liang, 20@8Reepilh
comfori &@blme ,wearevoennttimg Veomigcl e’ s
y (Aboazoum, 2022).
nventional suspension system, each wh
a combination of elastic and damping e
r of the entire wehingl € obmpady,e nwisi Imai stt h e f
i bl e wheel moti ons. Consequentl vy, the na
ing stiffness, the |l ocation of t haeaewdgincsl
d dramatically oncea oémngibmaer.s Tdhteasret ecd mpro
an, keeping the car completely stable thr

m to

r
9
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Al t hough numerous studies have investigated s
has been devoted to manufacturing variability
Variations in spring stitftfinkestsi ama,y vellfilwleencet aab
however, quantitative experimental data comparin

The research problem addressed in this study
manufacturer and belonging to the same product
influence suspension performance.

115



The aim of this study is to evalwuate the diff
coil springs belonging to identical product sets
The objectives of the study are as foll ows:

T measur eidihsep Ifaocrecnee nt characteristics of thi

T determine the relationship between instant

the entire compression range;
T compare the mechanical characteristics of
The research methodol ogy combines a review of
i nvestigations. Compression tests of automoti ve
system t o deideirsnplnaec etnbemsttf iopecl@antd t he correspondi
experiment al data were subsequently analysed an

characteristics of the tested springs.

Theoretical Aspects of Elastic Components in .

At t he theoretical |l evel , automoti ve suspens:
mechani sms. When a vehicle encounters a road di
converting the kinetic eaenggnefgyheThephohdameno
this process dictate how quickly and efficient]l
di ssi pates that energy as heat. Consequentl vy, ar
suctur al deformation and | oad distribution under
mo st i mportant components of a ve-hndubeeduspbnat
contribute significamntel ycotmd oveéehi Al suspaimisli ohy s a
heavily on these underlying mechanical properti
mandatory step when developing new sys2t0e2n8s) .and v

El astic elements do much more than just S MO (
(Aboazoum, 2022). They also dictate how the whee
t he
(

turns. By managing s ev efnotr ctehse, vtehhe cslper'isn goso dpyh yf
over uneven pavement Mahant hi & Murali, 2017).

During vehicle operation, suspension compone
vi brations, and i mpact forces. Consequently, the
safety and overall dr iavfien,g rpeelrifaolrimea,n ceend Adhr alvli
careful consideration of numerous geometric, str
|l oad capacity of a coil spring -wbird tda taep pil(tikso bdex aa
2024). This mechanical profile determines the s
for how the vehicle handles and how comfortable

To optimise suspension performance for specif
idered: the mechanical properties of
actorsnshowpltd mbsedanetordyngeltectt
desired balance between durability,

Materials and Met hods

The experiment al investigation was conducted
iffness testing system designed to evaluate t
der compressive |l oadiomti Mheud emdd NwWr esmert te mo fe n
formati on, al | owi fmdyi stphlea cceormesnttr uccht a roanc toefr ifsotricces
W 330d (E90) was selected as the reference v«
0
e
r
f
e

"macow

=
SO T OS5~

|l ved four sets of rear suspension coil sprinc

rear axle of the BMW 3 Series (E90). The <cha
iants within tdédre fBdMW ,E9tOhes eBMWs330rch ( E90) w a
erence platform for the comparative analysis

rear axle coil spring sets used 1n the exper
The maxi mum permi ssible testing | oad is 10,00
ness coi l springs. The testing system i c
secure and repéabmen polBi cugmontg wliet &)
|l e compression stroke, ranging from 0 t
of geaméet mec hdinmemasi eahmaracteristics.
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Tabl e 1

Characteristics of the Coil Spring
36 mm 331 mm
04 mm 99 mm
4
(0]

Length 3
OQuter diameter 1
Wire di ameter 1

Ci

Spring type

mm 14 mm
il $§ gi)ng Coil ¢$p2)ng
Source: prepared by the authors

At the beginning of each test, the testing sy
state, where the applied | oad was approximately
served as the referasmacemenitntprfoacre dtulree . e riStpirri en gmes «
constant speed using an electromechanical dri ve
continuously recorded changes in the appilmeaerdy f c
measured parameters includeN],diasgl abemémtst @mina,n e
(N/ mm which was cal-tcdié fadredatfir@em i &atei d oovcer a spe

Al measurements were carried out wunder ident
experimental errors. The compression test for ea
obtained by aver agi nagpprhoea arte arseud tlecde dv atl huee se f fTehd ts
d i mproved the reliability and repeatability o
To ensure the reliability and repeatability o
I spring was repeated three times under i den
ing was completelyysutnédmaweasl,r andr ndce ttesitti gi
al force, di spl acement , and spring stiffness
eated measurements. This procedure neddumpdové

reliability and repd&axtpaebiilmetnt adf daha axpempir
ndard deviation (SD) of three independent mea
eatability of the measurements and to Amilnim
surement data were automatically recorded by
r
d
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osoft Excel for further analysis. The exper.i
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Results and Discussion

The obt alidinesgpl Boerment curves enable the evalu
ties of coi l springs belonging to the sa
i gafdiosnp | a heemdmtr cehaancarl éestoick s(pHwehrges m
ghpeetent 8ditshpel afcoermteent char acter i s(tS.lc)sl hef

ment al resulidtissplinhalé eme rt t halt attihen sfhoirpcse o f
confirming that the springs operate pred
Ie di fef etrveon ceewsr vbeest weaem keh observed. Thro
ng required a higher compressive force
S These differences became ndarsep | parcoenmoeunnt
compressive force of one spring reached
other spring was approximately 6, 300 N,

dowoosppiosgess i dentThcealr espteiaftfanbeislsi tcyh aorfe
d the reliability of the obtained charac
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served differences may be attributed t
s, or i ntcroemastimdaretncpreacec e ns tdwer ihnregatpr od uc
i ¢$hleadememrt ctuirovres iimdtlcatepviamg asti ffn
s the overall stiffness of the suspens
the observed differences are Baefceti Weldy
ating conditions, such wvariations may resul
eby affecting vehicle stability.

The variation in spring stiffness as a funct.i
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l onging to the same product set. The reswlts ¢
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increasing defor-maneam,el agltiicathealyawniomur and a ¢
response predicted by Hooke's | aw over the full

—
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spring stiffness versus compression

Source: prepared by the authors

Within the initial and inter medi8at enmne)t, a gtehse osf
curves remain nearly Jlinear, all owing this regi
stiffness However, syswemaprcngisf beeceervéesebet wa
exhibiting higher stiffness throughout the entir
stiffness of one spring reached appr oxionahteerl ys p7r2i
was approximately 69 N/ mm, repibésemthiesg d i didfi fnegrs
measurable variations in the mechanical propert.
product set.

Fi gBgpa esent 9ditshmel af coernteen t characterisg¢ $.2pBootfh t
curves exhibit an approximately Jlinear relation
def ormati on region and maintain stable mechanic
range. Despite t hteheovVieorsad H a cseimeinltard hayr accft er i st i
bet ween the two springs were observed. One of th
the entire deformation range, indi ceaetri ncgo ng rheisgsh e
is required for this spring to achieve the san
pronounced as deformation increases. At a displ
force of approkemaadael yhe, 660r dlspwnding value for
7,200 N, representing a6 %.i fTreeeencee Ul tasp pirmodii ana
characteristics of coil springs belonging to the
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Compared (8isphi nhheset, the | argesZcdctrdelrenye esp
suggest a | ower degree of manufacturing unifor mi
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particularly under dynamic |l oading conditions, r
consequently affecting vehicle stability and rid

Fig2alpeesents the instantaneousSesptiilf fspad sngshara
stability of their mechanical properties to be ¢
in the figure, the spring stiffness coefficient
stroke,bevtareyeinngappr oxi matletl yc &M kmerdc omic INVdend. t h e
predomlnantlyllwmednnn It et incearegi on, exhibiting
throughout most of the compression range. Nevert
wercebserved during t he experiment al i nvestigat.
approximately 69 nd 74 N/ mm, whereas that -of t
uni form distributlon of stiffness within the spr

A distinct increase in stiffness was observed
1005 mm, the stiffness coefficient of one spri.:i
may be attdimetaed dtiedcd mon@tcicanm re fnfge at hi gher comp

e
h
h

increases in stiffness warrant further investiga
spring exhibited a more uniform st irfafnngees,s wpirtohfoil
pronounced stiffness peaks. This behaviour indic
consistency in the spring's operational perfor ma

A comparative analysis of $1he Shgictfaini caprichar s

significant differences both between the two man
product set. Thediamdlaycseinse naf cthhaeg afcdreadd stics dem
by bot hctmarufsa operated within the elastici defo
di spl acement relationships throughout S2t) h es pirn wneas
exhibited greater variabil iSt)y dett.weltn & ndii svp ldaucad
di fference in compressive&)fogete was waB@mr dvhiemeatpesli
corresponding ) feetewas HBEprokematel y 4

The analysis of the instantaneous stiffness ¢
(S1) springs exhibited a more uniform variation i
72 N/ mm, indicating a more stable meXRXbDasipcalngrses
over a wider range, from approxi mately 69 to 74
stiffness to approximately 84 N/ mm. Such behavi
under dynamic Whadé ngheonpditngansoper ate at highe

Overall, the res$Sul tspriinmg caadte démmandthreat(es gr
and more consistent meXXhamsipcalngprseper twihd s ht reaxrh i
stiffness a#hdnkacalif§edt asonThese findings sugge
manufacturers may differ significantly i ncatler m:
performance, potentially affecting the opEBEhatio
observed differences may be attributed to manuf
relatively small, these deviations may <contri bu
conditions.

Conclusions

1.Th experiment al resulidiss plleanoemma mtat eldan daat e
coi l springs were approximately I|inear, indi cat.
def ormati on region.

2. The analysis of the instantaneous stiffnes
coefficient remained relatively constant t hroug
deviations were observed at imigghdear Ide wedesrcalfeddoerfr

effects.

3. The comparison of coil springs bel onging to
in stiffness, ranging from approxi mately 4% to 6
tolerances and demonsérnrtaites tdfatndrhienanlelcy aind et i @

uni f or m.

4. The obtained results suggest that even rel a
uneven |l oad distribution on the rear axl e, pot e
operating conditions.
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FORMATI ON AND TRANSFORMATI ON OF AUSTENI TE AND 7
RETAI NED AUSTENI TE

Artis | esmins, Vi kt ors Gutakovski s, Al e
Riga Technical Coll ege, Latvi a

Abstract

Steel plays a fundamental and irreplaceable role in modern industrial manufacturing, construction,
transportation, and materials engineering due to its favorable combination of mechanical strength, formability,
durability, and cost efficiency. The perforn@e and reliability of steel products are largely determined by their
microstructural evolution during processing, among which the formation, transformation, and stabilization of austenite
are of particular importance. Austenite, a faeatered cubic phaf iron, serves as a key intermediate phase during
thermal and thermomechanical treatments and strongly influences subsequent phase transformations, such as the
formation of ferrite, pearlite, bainite, or martensite. During steel processing opedatimhsding casting, hot and cold
working, heat treatment, and surface modificadidhe controlled formation and decomposition of austenite directly
affect manufacturing efficiency, dimensional stability, and energy consumption. Precise regulation of ayrsienite
size, chemical homogeneity, and transformation kinetics enables optimization of production routes and contributes to
improved consistency and quality of final products. In advancedditighgth steels and tool steels, the stability of
austenite isintentionally manipulated to enhance strength, toughness, wear resistance, and fatigue performance.
Austenite is not only present in structural and engineering steel products but also plays a critical role in the
manufacturing and performance of metalwatkitools, where its behavior influences hardness, edge stability, and
service life. Represented review is the part of the educational content.

Key words: steel, austenite, martensitic, formation

Introduction

In most cases, the first process during the heat treatment of steel is the formation of austenite. When
steel components with a sufficiently large crssstion are heated slowly, raising the temperature by®B0
°C above the critical point ensures thenfation of a homogeneous austenitic structure. In this case, the
heating rate is an important factor, as it provides sufficient time for diffusion processes and prevents
distortion.

In modern technologies, higgpeed heating methods are widely used, particularly induction heating.
Under such conditions, the rate and duration of phase transformations become decisive. Therefore,
understanding the mechanism and kinetics of austeniteafiammis essential for controlling the properties
of steel.The template uses the correct page formatting and contains all the necessary styles. The styles are
summarized in Table 1. At the same tinT@able 1- alongside with Table 2 in Materials and methods section
show examples of tabular data formatting.

Formation of Austenite

It should be emphasized that the transformations shown in equilibrium (phase) diagrams occur only
under ideal conditions of extremely slow heating. Under practical conditions, the nature of these
transformations differs significantly.

At high heating rates, it is possible for an austé&n#ebide structure to persist even in cases where a
homogeneous austenite should theoretically form. Moreover, different heating temperatures above the
critical range produce austenite with differeragerties, which affects the subsequent cooling process.

The formation of austenite is a diffusioontrolled process that develops over time. Therefore,
changes in the temperatutiene regime directly influence the structure and composition of austenite.

Mechanism of Austenite Formation

Microscopic studies show that austenite forms by nucleation and growth of grains within the volume
of the initial structure. This process begins at the interfaces between the ferrite and carbide phases.

Carbide particles gradually dissolve into the austenite, supplying carbon to the newly formed phase.
Ferrite itself cannot transform into austenite without a sufficient carbon concentration.

The formation of austenite nuclei occurs only at locations where the carbon concentration reaches a
critical level. This concentration arises as a result of the diffusion of carbon atoms within microvolumes.

Thus, the formation of austenite is closely linked to carbon distribution and diffusion processes in
steel.

Kinetics of Austenite Formation

121



The transformation rate depends strongly on temperature. At lower temperatures the process proceeds
slowly, whereas at higher temperatures it occurs very rapidly.

For example, at approximately 730 °C the transformation may begin after several tens of seconds,
while at 800 °C it occurs almost instantaneously. At even higher temperatures, austenite forms virtually
immediately.

Increasing the carbon content of steel accelerates austenite formation. This is associated with an
increase in the amount of carbides and a larger interfacial area between phases.

Alloying elements influence this process in different ways. Catluidaing elements, such as
chromium, can slow down austenite formation because their carbides dissolve more slowly [1,2].

Carbide Dissolution and Austenite Homogenization

The process of austenite formation includes three successive stages:

formation of austenite,

dissolution of carbides,

homogenization of austenite.

Carbide dissolution is a diffusion process during which carbon spreads throughout the austenite. As a
result, a noruniform carbon distribution is initially formed.

Subsequent homogenization ensures a uniform distribution of carbon throughout the entire volume of
austenite. This stage is particularly important for achieving uniform material properties after quenching.

Effect of Heating Rate

The heating rate significantly affects the temperature range of austenite formation. As the heating rate
increases, the transformation temperatures shift to higher values.

During rapid heating, diffusion processes do not have sufficient time to proceed fully, and therefore
the austenite may be inhomogeneous. This means that the carbon concentration may vary from one regior
to another.

Consequently, to obtain homogeneous austenite under rapid heating conditions, higher temperatures
are required than in the case of slow heating.

Austenite Grain Size

The grain size of austenite has a significant effect on the properties of steel. Initial, actual, and inherited
grain sizes are distinguished.

The initial grain size forms immediately after the appearance of austenite. It depends on the ratio
between the rates of nucleation and grain growth.

As temperature increases, the nucleation rate rises more rapidly than the grain growth rate, resulting
in finer grains.

However, prolonged holding at high temperature causes grain coarsening-@aarsd austenite
deteriorates mechanical properties.

Transformation of Austenite During Cooling

During cooling, austenite can transform into various structures:

pearlite,

bainite,

martensite.

The type of transformation depends on the cooling rate. Slow cooling promotes the formation of
pearlite, whereas rapid cooling leads to martensite formation.

Martensite forms without diffusion and is associated with a rearrangement of the crystal lattice. Bainite
formation involves both diffusicoontrolled and diffusionless mechanisms.

Microstructure of 20CrMn4 steel after flifent stepgjuenching variants usingcanning electron
microscopyis represented on the pictures below.
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Fig.1. A.B and C. Microstructure of 20CrMn4 steel after different sfepnching variants (scanning
electron microscopy(M1 1 primary martensite; B bainite; M2i secondary martensite; iAretained
austenite)

Retained Austenite and Its Formation

Not all of the austenite phase transforms into martensite. Part of the austenite may remain as retained
austenite.

This occurs when austenite is enriched with carbon and the martensitic transformation temperature is
reduced below room temperature. Retained austenite can be both beneficial and detrimental.

On the one hand, it improves plasticity and impact toughness. On the other hand, it reduces hardness
and dimensional stability.

Experimental Studies

The investigations used 20Kh2G2SNMA steel with a complex chemical composition. The specimens
were obtained after melting and hot rolling, followed by normalizing and tempering.

Dilatometric studies were carried out to analyze the transformation of undercooled austenite. The
specimens were heated to the austenitizing temperature and then cooled under controlled conditions.

The results showed that primary martensite, bainite, and secondary martensite form during cooling.
The nature of the transformations depends strongly on therbatthent regime.

Effect of Step Quenching
In the case of singlstep quenching, incomplete stabilization of austenite is observed. This leads to
the formation of secondary martensite during cooling.
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Two-step quenching provides more intensive carbon diffusion and a more uniform distribution within
the austenite. As a result, the formation of secondary martensite is reduced.

In addition, twestep treatment increases the amount of stabilized austenite, indicating more effective
austenite stabilization.

Importance of Carbon Diffusion

Carbon diffusion is the main factor determining austenite stability. Higher temperatures promote more
intensive carbon redistribution.

During twostep treatment, austenite becomes more enriched with carbon, which lowers the
martensitic transformation temperature. As a result, more austenite remains untransformed.

The diffusion of alloying elements is much slower than that of carbon, which contributes to structural
inhomogeneity.

Elimination of Retained Austenite

The amount of retained austenite can be reduced using various methods. One of the most effective
methods is step quenching.

Cryogenic (subzero) treatment is another method that promotes the transformation of retained
austenite into martensite. In this process, the material is cooled to low temperatures.

Tempering helps stabilize the structure and reduce internal stresses. The correct selection ef the heat
treatment regime is crucial [3,4].

Conclusions

Austenite formation is a complex diffusi@ontrolled process consisting of several stages. Its progress
is influenced by temperature, time, carbon content, and alloying elements.

The transformation of austenite during cooling determines the final structure and properties of steel.
Incomplete transformation leads to the formation of retained austenite.

The amount of retained austenite can be controlled by using optimditdegatent regimes. Twstep
guenching and cryogenic treatment are effective methods for its reduction.

Thus, controlling austenite formation and transformation is essential for producirguaility steel.
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PLGA NANOPLUOGTO®, PAGAMI NT® ELEKTROVERPI MO MET
VERTI NI MAS TAI KANT SEM VAI ZD6 ANALI ZN I R SKYSLI

Andgel a Gegok

Vil niustech

Anotacij a

Audini O inginerijoje elektrokealdpkmbdi dd)u (BLGA) mu
kar kasai yra plaliai naudoj ami kaip trimatds struktl
por&dtumas yra vien®s bemibhausi ONpaebhmédbt infiltraciijN
ti ksDasrtinti ir pal yginti PLGA nanopluogtini O karka
gravimetrinDZ skyslio igstl mi nRL Gwe ttoidrNp. a | Eakss pbeurvi omema raurc
(bCcM) ir dimetilformamido (DMF) migdginyje (25:10,5 v/v
17 cm atstumN | Kki kol ektoriaus. Gaut.i rezultamtaih pPaaD
(i ganalizavus po 5 vaizdus kiekvienam maginiui), nus
metodas su etanol i u pidrdg®ad Ndil®e 2n DZ t ISt iemDZmaesr dtezmN t at
ypatumansal BEM apsiriboja dvimaliu pavirgiaus vertini
karkaso tirDz Darbe daroma igvada, kad nustatytas aj
tai ky mams, 0o nanopawogpobikdairktaisamekam&sduoj ama taiky
papildanl i us.

Rei kgmi niBlielgodgvei pi mas, PLGA nanopluogtai, porat.
metodas, audini O inginerija

Jvadas A

Nanopluogt ai yra itin ploni pluogtai, kuri O s
mi k r o (Bayatrir@t., 2022) Dal didelio pavirgiaus ir tlrio
kontroliuoti jO struktlrN nanopluogtai plaliai t

juti kliuose i r(Caanktd 2012) O Vi e@iase mpiejrsjpekt yvi ausi O n:
yra elektroverpimas (angelectrospinning, kurio metupolimerinis tirpalas veikiamas stipriu elektriniu

l auku ir for muo-jpbami niagtoimeit mii aii omislkkres smens pl uog
l ei dgia gauti pord4tas neaustines strukt T pracesso kur
parametrus.

Nanopluogtai gali bilti gaminami ig natirali©O
chitozanas, al ginat as, kol agenas, fibrinogenas,
ir bi odegradacija,inio@aind@ilrmdriiajiojteai kDud taardp u
poli kaprolaktonas (PCL), poliglikolio rlggtis (
(PLA,yra sukurti siekiant ugti krinti kontroliuoja
naudoj ami medi ci ni ni uose DZengini uos e FloresRojasit O pr

kt. 2023;Rim,, 2013;Reneker, 2008 Poli(laktidoko-g | i kol i d o) (PLGA) yra bio

bi ol ogigkai skapdai;|aopohunhe[aﬁwh:lsauglblmnokm@@fzﬁ)0|ma)ls

regul i uoj amo degradacijos greilio, tinkamO mec|
nanopluogt ai dadgnai naudoj ami audimiitGioj agt ger ir
ekstral Nstelinin matricN. Toki ose sistemose vVvien
| Nsteli O infiltracijN, maistini® medgiaglO ir de
por &t umo DZbdrttiinmismas ekriaant prognozuot.i kar kas O t

P o r Zmnustatymui taikomDZ la ksperimentirai metodi (Lopez Marquez ir kt., 2022Yienas
dagniaasdaj amO metodO yra skenuojanl|liosios el ek
l ei dgi antii DX ertinti pavirgiaus poratumN remian
privalumai yra paprastumas, ysbain tvyike nnuaimenteudiadned |ai:
morfologijN bei pluogtO® skersmenDZ Taliau SEM a
nel eidgia tiesiogiali DZ e Ldpéz Marquezvr kts 202RnjakeKgvacn@io s  t 1
kt., 2011)

Tirinio pord&tumo nustatymui dagnai simaturdiojj @asn,i
adsorbcijos bei m|krokomp|uterlmmsestrthmogreafdlgjloas|
dydgi o pasiskirstymN ir bendr N por&dtumN pl al i ame
ir gal.i pagei sti jautrias nanopluogtines strukt
pagr D& teriocEBmetioiedlario(BET) t eori ja, yra tinkami speci fi
por oms vertinti, taliau i O tai kymas makr opor a
Mi krokompiuterind tomografija (OCT) sut eirldita mial
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neardant maginio, taliau dé&l dideliO kagtlO ir ri
mast el i o (kopez M&duezir kt.n2922) A
Dal gi O priegasli O el ektroverptO nanopluogtin

analiza ir skyslio igstlmimo metodas. Pirmasis |
o antrasis suteikiaoinhformBZppNaapmbB. vKadakagr kg
mat avi mo principais, jO rezultat® palyginimas vy
struktiras ir DXZertinti jO tinkamumN audini O ing

Gi o dar bD¥ eritkisntais el ektroverpi mo bidu pagamint
tai kant SEM vaizd® analizn ir gravimetrinDZ skys
rezultatus.

Medgi agos ir metodai

Gi ame straipsnyje tiriamas elektroverpimo bid
izdO analizn ir gkyshmuo agsi kmi mpamaemodaNi PLG
ruktira valiau DXertinta skirtingais poratumo
Tyrime naudotas PLGAE (k®ipprha mlelrdrsi cRhE S QIMER k ui
buvo 82:18. Dal didesnas PLA dalies gis kopolinm

vV a
st

struktliriniu stabil umu, |l yginant su di desnDzZ PGA
dé¢hl ormetano (DCM) ir di met iFAlfdorrincahmi dJoAV() D MA)e smiD{
polimero tirpumN ir greitN tirpiklio iggaravi mKN
| ai dumN bei proceso stadgilamNor Moasi tiolpygil i © ula
morfologini O defektO kiekiu, palyginti su vieno
PLGA polimero buvo igtirpinta 35,5 ml tirpikliC
25:10,5 v/v). Galutina gauto tirpalo koncentraci
tirpalo homogeni gkumN, mai gy mas buvo atliekama:
kambario temperatiroje.

El ektrover pi mo procedlra buvo atlikta naudo]j
el ektroverpi mo DZenginDZ Gautas tirpalas buvo ti
ml / val. Atliekant elektraverpi @Nai hyvastpakbmal
adatos galiuko ir stacionaraus kolektoriaus, p ac
proceso parametrai yra pavaizduoti 1 pav

/— Svirkstas

+ I+ i
+ / + PLGA tirpalas
+3 b 2l
Teiloro +
kagis
- o
+ + Adata —/f:)
——
<,
- —+
Polimero ;:_'.'22—4;}:—‘ 17 cm Vv
pluostas _C'::;:._c:; _ 18 kV jtampa
<
s+
Plok&tias —
kolektorius _\,—(_ﬁ— [ + —
/s — —

/ <

Vi [

lpa®PL GA nanopluogtO® gamybos elektroverpi

Gal tswnmdar:yta autoras naudojant Bi oRender

Maginiams tirt.i buvo naudojama skenuojanti e
di spersijos rentgencdcE Ghpeerkit SN,k 0T hjear nfoE DFSI)s h(eArx i Sac
JAV) . Pavirgiaus poratumas buvo nustaty(bhmagglSE
1.54v, Nati onal I nstitutes of Health, USA) (httop
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Tyri mui naudoti trys nepri kIl ausomi karkaso ma

ir objektyvumN, kiekvienam maginiui buvo anali zu
vai zdO. Vaizdai buvd bk omravegnt uat ik abZt d wd jeentkasit ninuis
poros buvo identifi kuotiokaikpaijpu obdaolst ossr istryist.y sk a voi
apskailiuotas kaip balt® pikseli O plotkadpl vsdb)

standartinis nuokrypis.

Tirinis nanopluogtO® pordtumas buvo nustatytas
ol DZ kai p D&i skverbiantDZskystDZ Etanolis buv
nanopluogt® pavsrgeOgtirpirasanskpet bmer PZ p &k
gi o sausi nanopluogto maginiai (n = 3). V
i s svamMNst(ykBERN &ABSORNO0OGmMbH, Vokietija),

usia buvo nustatyta pradina etanoli o masa.
r t etanolyje. Po impregnavi mo maginiai b u
t sds pokyliialis fwvg per skaivl iyyotniaubZot lamt
Madginio pPorBawmaaspgkai | i uutas prghkt. gi ROOB) mul

Vi— V3
=2 . 100%
Va— Vs (1)

g
| iVaipradinis &tianoliisopbl magjvniitd rpan pradjianiima,s mag
Gaut i rezultatai buvo apdoroti skailiuojant v
met odO rezultatai buvo palyginti siekiant D&Zert:.

Rezultatai
El ektroverpimo bidu gautO® PLGA na I
DX ertinti |lyginant SEM vaizdO analiz I

|l ganali zavus po penkis neprikl aus S
nanopluogto sluoksnio pavirgiaus por a ma
tolygO pluogtO pasiskirsdtupkNnin kdmadendird

2 pav. patei kta PLGA SEM nuotrauka ir
poratumo anali i

.....

4 .l P . o v
m’ 4/8/2026 WD mag o HV }71 1\4|

HFW

a
pRIVGA nanopl uogtpr axbirr & | QENj rmuaogtar Ja upkrao, g rba ma ap d
baltas vai zdas, skirtas poratumo al
Galtinis: sudaryta autoras

?
: % WD meg o HV 3
# 4 min x 200V 414pm

PLGA nanopluogtini © karkasO® por&tumo vertinin

patei kti 1 lentel aje Remi antis skaitmenine SEM
pord4tumas siek& 45,3 N 1s, 4 a%.d oBiamar il mamteals pw aigz o
|l ei do atskirti pavirgines porO zonas nuo nanopl
met odN, nustatytas tlrinis pordtumas buvo dides
moksl i gkai pagr D&t as, kadangi SEM metodas apri6t&t
efektyviai prasiskverbia per visN trimatbDz (3D) Kk
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A A 1 Il entel
PLGA nanopluogtini O karkasO poratumo rezulta

Met odas 1 madginy|2 madginy|3 maginy Vidurkis N S

_ nuokr~ypis

SEM vaizdO an 43.7 45,9 45,7 45,3 N 1,4

Skyslio igstl] 50.0 66. 7 42,9 53,2 N 12,
Gal tswmdaa:yhar

Di desni s skysl|lio i gst 1 mi mo met odo standartinr
nanopluogto karkaso storio nevienodumu, atsirand
metu, bei eksperimentine pabklaodgperarkiniOu phbi e&c¢
sumagi nti gDZ nuokrypDbDzZ ateities t yr ipnaukoesies,t i r atnrk
kontroliuojamu centrifugavi mu.

SEM analiza tinkama greitam pavirgiaus poratt
nanopluogto matricos struktiros. Todal SEM ir
alternatyviais, o veikiau ivmoe nbaisd &ii,t Nl epiadg il admatnyt sy
el ektroverpimo bidu gautO® nanopluogtO struktlrN.
tai kymuose, kur tiek pavirgina, tiek tirind pori

Audini O inginerijos pogilriu, gautas apie 53
matricos imitavimui, nes ugtikrina pakanka@iNe er d
duomenys gerai koreliuoja su literatiroje aprago
kurie dagniaui9Damw srekra &api&€omdD tinkamais ekstr
i ngi n@t ocRejsas ir kKovaéOida )RnijVats. ,d512(1101 ateities
geresnio | NsteliO vaskuliarizacijos potencialo
koncentracijN ar tirpikli O santykbD3 bitO gali ma

|l gvados

1.Atlikus elektroverpimo bidu suformuotd PLG,
nustatyta, kad skaitmenind SEM vaizdO® analiza r
skyslio i ¢gstil5mi, Mo Nmelt2o Ras®% t 1 misnDZepal dtat ON.skNu $ &
metodO skirtingu matavimo principu (2D pavirgiau

2.Siekiant ti ksl i ai DX ertinti audini O i ngin

rekomenduojama derint. SEM vaizdO analizn ir s k

kompl eksi gkai DXertinti tiekporawtiungfN.aus mor f ol og
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ASSESSMENT OF POROSITY OF PLGA NANOFI BERS PRODUCE
USI NG SEM | MAGE ANALYSI S AND LI QUI D DI SPLACEME

Summary

I'n tissue engineeri gyl yeloddtdregs p(uPnL GRAQ | yn(alnaocftiibdreo u s
t hrddemensi onal structures that mi mic the extracell ul a
mportanttpar acheeét mimdil tration and nutrient diffus
ompare the porosity ousiPilddAy imeanlo fS BbM ainrdaggkda ed Mael ltydssi cs |
i splacement method. For the experiments, a 13% (w/vVv)
DCM) and di methyl formamide (DMF) (25:10.5 v/v). El e
i stanare tof t h&T leeo Irledstud othreewde d t hat the analysis of SENMN
a fatnearl $si mgges for each sample) determined a surface
ethod with ethanol showdd3a2hiNgHher 2%o| Thet roibcsep vreds
xplained by the pseculSEMriania¢éyso-&i mBpr dimenh le ds i of ac ¢ wa
t hapreonlet rates dheeratomal tholkeme of the scaffold. T
ol umetric porodiatvyo ufodarb btkiosis ue 3é&ngisneering appaital d
haractieriisati enommended to combine both methods as ¢
Kewor & ectrospinning, PLGA nanofibers, porosity, SE
engineering
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Autoriaus vaAddgel aaGagdi:
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Autoriaus moks| ignandy bonst etreecshn eslrd giyjsas, medgi agos medicinoje
Tel efonas ir €3 BlpadB8Bddraesasesok@vilniustech. It
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BRI NELL HARDNESS EVALUATI ON AND MATERURLAVRERRRARFT
ENGI NE VALVE GUI DES AND PI STON PI N

Esmer Gt yasl Gpei | ys

Lietuvos I nzinerijos Kolegija Higher E

Abstract

This study investigates the hardness and4matéericala
engt he piston pin, intake valve guide bushing, and ex
approach was ianpdpdniteadt itoon rdeilaameet er s t o Brinell hardnes
when the material type is unknown. The findings valid
parameter determinatitenmiad aeprnddctciacalont @amld fdormagma st |
applied in routine maintenance workflows to confirm
deci-mdlinng in aviation component inspection.

Kewor dp:iti mi zed parameter evaluation;-18BPiaied ¢r afatr d
piston pin; intake valve guide bushing; exhaust valve

I ntroducti on

The mechani cal hardness of metallic materials
|l ocalized plastic deformation caused by the pene

with additional meéeakanide alg charceagt ér,i ptliacss i ci ty,
wear r eamaikitngndd one of the most widely used par a
applications [1,2]. Components operating under <c
as aircraft engi ne pasrst sl,evredgsuitroe epnrseudriec t aapod rea thi
stability and service |l ongevity [3].

Hardness testing techniques are based on the
geometry under controlled |l oad. Classical met hod
hardness values are analcall gptaaapnmiticer d nludsaedd, nierncde
measurement principle [4]. I n Brinel/ and Vicker
force to the actual geometric surface area of |
Buchhol heasppprvmdaate hardness based on the depth
However, the equivalence between methods is not
projected area Ap is only acomiatnaet  whepl aé&ei anad
mat eri als where el ajsstuicch raesc osvteereyl si,s -hsaiogdreiafeddc aanttl
cremsest hod conversion becomes i mprecise7 .and err ol
Anot her factor influencing hardness measur eme
astic zones around the indentation. As demons
formation zone surroomdiynent hédei mpmpil nteddé pand 4
atures, including grain siz@],. pMeglee cdtiisntgr itbhue
troduce systematic errors, particularly in co:
ere surface treatments (e.g., gal vanidzipreq,demi
chames@mddse |
The reliability of hardness testing al so depel
n geometry (spherical, conical, or pyramidal),
ttributes deteeméenat eéthedstie.g sSA nndieshnbaatgd ho nb gt we e
oad range, and materi al hardness |l eads to meas
ven surface cracking. Theref or edi nxdluad tnign g osaui,
i amet ewrr,emmaas scal e (macr o/ mi @drics) , esasmredti alderfto
omparability and reproducibility of hartilness va

Il n aerospace engineering, preciséshahdagspi mead
valve guide butsrhe atgé8adr @arrtssuaifalcef or di agnosti cs
i dentifich4P oani.r cTthaef tM pcemponengsnmadecbtddsffer

al umtbrawsmr d material s), whi ch mu st withstand CyoC
mai ntenance procedures often rely solely on hard
bet ween indentation diameter, hardness values a

parameter selection approach and an algorithm ca
classification.
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The present study addr es $iemnsdetnhtiast i goanp rbeyl ada n alny
measurements and by applying an optimized par ame
di ameters with hardnessgevsalfuoers dainfdf ekrneonwtn nheatrad nleis
to i mprove the reliabil-14p efnhgmactecomponedensi &nd
of surface treatment processes on the resulting

Material and Met hods
Three representati vk4 R oanipromreanftts fgirsotmont heengM ne

characterization: (i) the pisiambmpminnalt yyiedalslt e €
valve guide bushing, czceemnaol nl loyy sp rwoi dtuhc endo dferroamt eb rhos
conductivity,; and ( i) the exhaust valve guide
intense wear conditions. The sampl es wer eencslueraen e
perpendicul ar alignment during indentation, f ol
[ 4 .

Hardness was determined wusing the Brinell i n
relationship between appl ed | oad a3d tThe ss umreft a
wi dely applied to charact ize alloys wused in e

[
er
ral
Measurements were peTESTMHNBAuBamdgne e tEMLTtOer
WC) ball indenter of 2.8 mamddASTHTM €6, Sobhine wa p g
oad was 187.5 kgf (1838 HN), awi tr e c @ mdwe eddelepdet nidoeenm
I
I

a
suitabil igryaifnoerd csotarrdgcet ur a metals [ 1
T

astic rechveriyheeflfadbotraatjoty environment was coc
uctuations are known to influence &he indentat
I ndentation di ameters were evaluated using a
calibration verified before and after each meas
compliance with uncertighentwati egiimeémedss [ flor mac
Each sample was subjected to five indentation
mm to avoid plastic zone oveplaghewhpiroltmedaned
sitioning the specimen to ensure firm, | evel (
indenter (|l ever position 1); applying th f
ing the |l oad gradually to minimize abru

rections aBdi oelmputhiamngnebhs akWB

tandar Brinell equation and veri

. mm / 187.5] kgf test configuration [1
Mat eri al i dentification based on hardness ar
determinatiesni wWbug&f t.atwlende ianp pFriogaucrhe blui | ds on pri
hardness measurement accuracy depends on the rel
t he épllaassttiicc def or mati on ch @r.acTtheer iasltgiocrsi tohfmitch es el

(
|
e
f

e u
pt e
Wage
fied

acquisition of indentation diameter d from Brine
calibration tables. Comparison with typical hard
onemal urgical references 4a3d Valkindatedahanodnes
mat ching HBW values and indentation responses to
fall within consistencygradkeemaenaétsdspeompobaedntoer

This method all owed classification of the pis
all oys, consi stent with their expected functio
tendencies that correlanest ndetntradli oohagreaomienriys w

Al l raw hardness values and indentation di ame
dat aset . This for mat enables subsequent stati st
analysis between indentation diameter and hardne
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Before the sample is coated with metal After the sample is coated with a metal

Test samples

Measurement process Mechanical properties of the
material

Selection of the measuring tip Determination of the sample material
Selection of the measuring force based on the indentation diameter and
Determination of the . hardness reading HBW, considering
indentation diameter the hardness measurement range

F 3

F 3

h

Selection of implied measurement
methods
Brinell hardness measurement

Measurement parameters

r
r

Material hard /resist HBW
Rockwell hardness measurement aterial Rardnessiesistance

Materials

Steel, cast won, high-strength alloys; Most non-ferrous metals and Scope

alloys; Aluminmum; Medim-hard steel, non-ferrous alloys; Thin Aur transport, water transport, land
sheet metals; For testing thin or small-sized products transport

Fi gAl dorithm for determining parameters for
Source: created by authors

A reference sample with the specified hardnes.
according to it. The hardness measurements of th
with theEEMCNO3A har drmrmessss nmaenads war iBmrg npel I mi croscop
bal2.5 mm; pressiigpeyoweeel@ppbi edf with a dwell
contact with the samghe swsf @amedft @rok amholrehr afin, klals
urposefully did not specified material so that
ive times. After each test, the indentation dia
etermined ( see hTaarbd nee s4s) .w aTsh edne ttehr mi ned i n HBW ul

o —0o

Resul ts
The hardness measurements per f-o4dMeai romr afhte ¢ rh
consistent and repeatabl e indentation diameters
l ues were deter mi netdi aumsd euws icrogn ttrhod |Berdi neolald neeotnl
section, ensuring full methodol ogical traceabil:i
TestddtPMaircraft engine componenEachves gpe irmevn
bjected to five i ndemtcadtuidon gt esntdsi.vi Tlual f ulinld e
rresponding HBYW pardereasedvanhudsable 1, Tabl e 2
Tabl e 1
I ndentation diameter and hardness measuren
Test No. I ndentation d Hardness HBW
, 20
, 19
, 20
, 21
, 20
Source: created by authors

<
Q

[@IN7)]
o C

g |w[N|-
SRR
e
o|a|a oo
o|w|lo|o|o
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Tabd e
I ndentati on di ameter and hardness measurement

Test No. Il ndentation d Hardness HBW
1 1,50 95,5
2 1,50 95,5
3 1,49 96, 6
4 1,50 95,5
5 1,50 95,5
Source: created by authors
Tabd e
Il ndentation diameter and hardness measurement s
Test No. Il ndentation d Hardness HBW
1 1,15 170
2 1,16 167
3 1,15 170
4 1,14 174
5 1,15 170
Source: created by authors
Measurement s, il lustrated in-deEpgenden?, haodhis
The piston pin demonstrated the highest sctaarbbdn t
structural steels. TFBhowendt dlhe Vaolwestghiadankesshi
bronzes ugsedipenatawer valve guidance. The exhaust
hardness among the bushings, in | ine vhiatrhd etnhi enrgma
thermal <cycling.
Hardness HBW
200
180
160
140
120
100
80
60
40
20
0
1 2 3 4 5

= Piston pin Intake valve guide bushing Exhaust valve guide bushing

FiguHar @ness measurdm@ncompbnengi mat Br i al
Source: created by authors

To evaluate measurement consistency and suppo
deviations were computed for each samplebds inde
summari zed in Table 4.

Tab4d e
Statistical summary: mean indentation diameter
deviati ons
Sampl e Mean d ( SD d Mean HBW SD HBW
Piston pin 1,2 0,0063 155, 8 1,6
I ntake bush 1,498 0,004 95,72 0, 44
Exhaust bus 1,15 0,0063 170, 2 2,23
Source: created by authors
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A comparative hardness analysis was vVvisualize
r al | three components. The results demonstr af
r aircraft engine caovmpgdonent he Mgps dRAaeorddleesa it
onze all80oyBW)6.0 The measured hardness of the ¢
rdening and potenti al effects of galvanieang
gh measur ement repeatability, validating both
gorithm introduced in the methodology. Overall

component mat et hal 8Srandl laf met medtiwath opti mi
i ntdmeavrede di agdd®seings nef e Meametnstl doH €Ehhgei nMe wer e
e Brinell and Rockwel |l met hods.

~JowTToT
SO T T ® T 0o0

Di scussions

The obtained hardnek4P vear giierse foo mp dhree ntthsr esel iM
mechani cal behavior of steel and bronze alloys
demonstrated hardness xalrbon chardctid@adpl BW)i onfaw e
agrees with establ i shed -bmeeacrhianngi crad c irpergouci artei nmegn t cso
l ow variability of i ndentation di ameters conf
mi cr ousrter,ucadonsi stent with |iterature describing
|l oading conditions [13,17].

The intake and exhaust valve guide bushings e
iding and therim@l0l WBWy)adathei st gnf &ceant &90h
g compared t o thheer mantlak ei nbdwscheidn gs t sruag gne shtasr
i on during operation. Such behavioaffiesctc®adn
ted all oys, where ther mal cycl izregd ared og umaf
] . These results further supporhbtastehde ad b soey
ive -doi vempehange® in dislocation density
smal | standard deviations across all sanm
repeatable and that measurement wuncertainty r em:
defined i1n alnsdO s6u5pOp6o r t e d rbeyp ocratleidb riant itohne sltiutdeireast L
har dnes sd Bwihearuasrtc hyus hi ng > Pi&itoont lpemef>rlentnaokte
measurement noise but reflects genuine materi al

Further mor e, the correlation between indentat
study validates the parameter selection approac
har dmnesesd mat eri al i dent idfeinctaattiioonn igseomea s iyblies
mechani cal respopbkastaind dvidrfeamr mdtaisdan cbehavior i s
results support this framework and demonstrate
parameétemiccati on algorithm, is-14®i tampenéotsrout

Overall, the findings reinforce the suitabild]i
mat eri al composition, assessing operational deg|
aircraft engines.

Conclusions

This study demonstrated that Brinell har dness
determination algorithm, is a reliable and eff e
mechanical -b&emaaiiroar afntnkesn.giTnhee croenspudlntes s howed cl
bet ween the piston pin, intake valve guide bushi
functional roles and alloy compositions.

The piston pin exhibited-chharbdme ssst evedIsu e sc otnyfpit
for transferring cyclic |l oads in the engine. Th
consistent with br onszlei dailngo ypse rdfecsri ngannecde fuonrd esrt anbd
contrast, the exhaust valve guide Dbushing disp
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PERFORMANCE AND FATI GUE -ARIANTYEBSD ST®ORF BOR SOFT RO
GRI PPER APPLI CATI ONS

Al eksandrs Okunevs, Vi kKt ors Gutakovski ¢
Riga Technical Coll ege

Abstract

The longterm durability of 3Dprinted soft robotic grippers is a critical challenge for their industrial adoption,
with material fatigue under cyclic loading being a primary limiting factor. This study aims to address this gap by
systematically evaluatinthe earlystage fatigue performance and eeffectiveness of three distinct thermoplastic
polyurethane (TPU) filaments: a soft (84A), a hard (96A), and a cditbenrreinforced (90A) variant. For this purpose,
identical gripper fingers were fabricatewiin each material using Fused Filament Fabrication (FFF) and subjected to
1,000 grasping cycles using a Pic@ntrolled pneumatic test rig. Permanent deformation was quantified at set intervals
by measuring the change in the length of the main structuyaked cosperformance analysis was also conducted to
assess economic viability. The results revealed that theei@forced TPU was approximately three times more
resistant to permanent deformation than the standard TPUs. Counterintuitively, the Ha(d6Pp@xhibited the
highest deformation, demonstrating that Shore hardness is not a reliable predictor of fatigue performance for this
application. The findings indicate that while fiber reinforcement significantly enhances durability, it comes at the cos
of reduced compliance and increased processing difficulty, highlighting a criticaldifafde industrial applications.
These insights provide practical guidance for material selection in the design of durable soft robeffecors.
Future work wil extend this evaluation to higher cycle counts and more complex loading conditions to better predict
long-term operational performance in industrial environments.

Keywords: 3D print, TPU, robotic gripper, fatigue analysis

Introduction

Modern production cannot be imagined without robots. Robotics is a field of technology that combines
mechanics, electronics, and computer science to create automated machines capable of performing variou:
tasks. Robots have become an integral part of nmalugtries, medicine, agriculture, and even everyday life.
A robot is an automated device consisting of a control system, an actuator (manipulator, gripper), and sensors
that allow it to move in space and interact with the surrounding environment. Thegupped with
grippers, tools, and other technological equipment that enable them to perform manipulation and
manufacturing tasks.

A gripper is a mechanical device designed to hold, grasp, and manipulate objects. Grippers are widely
used in various sectors, such as manufacturing, medicine, and the automotive industry. Many residents of
Latvia can see a siaxis manipulator with a grper at the automated sample reception points of Egils Gulbis
Laboratory (Fig.1.). These systems use a manipulator with a gripper to issue and receive testing kits.
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parts or workpieces is constant. However, if the part shape is variable or complex, standard grippers can no
longer perform their function effectively.

Adaptive Grippers and Their Types

Adaptive grippers are devices that automatically grasp and move objects of different shapes and sizes.
They are often used in robotics, especially with collaborative robots that work alongside humans. These
grippers have control and electromechanical syst¢hat allow them to adapt to different gripping
conditions. They can lift and move objects of various shapes, making them universally applicable. [1]

Adaptive grippers are classified into parallel grippers, vacuum grippers, magnetic grippers, as well as
specialized grippers that imitate the movements of the human hand (Fig. 2).

}ROSOT‘Q
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Parallel Grippers

Parallel grippers may have two or three gripping fingers and use various types of actuation:

electric;

servoeelectric;

pneumatic.

As examples, the universal adaptive grippers Roboti§2&nd 2F140 can be mentioned, which are
suitable for gripping objects of complex shapes.

Applications of Adaptive Grippers

Adaptive grippers are used in production and assembly lines because they can handle a wide range of
objects. They can pick up and hold small, large, soft, or rigid items, making them ideal for tasks such as
quality inspection, machine tending, and assembheir precision in controlling the position, speed, and
force of each finger enables delicate handling of components, which is critical in advanced manufacturing
processes.

Most often, however, adaptive grippers are used together with collaborative robots, where they work
alongside human operators. Huritke movements and easy programmability make them suitable for tasks
requiring close humamobot interaction, improving atfiency and safety in the workplace.

Soft Robotics

Anewtrendisse al | ed fAsoft robotics, 0 which has oper
of adaptive grippers. These grippers, made of flexible materials, can grasp and hold soft or irregularly shaped
objects, making them suitable for use inustity, agriculture, and healthcare.

Soft robotics is a new field focused on creating robots from highly flexible materials that mimic the
properties of biological tissues. Soft robots are made from elastic materials such as elastomers or hydrogels.
allowing them to mechanically deform likevihg organisms. This flexibility enables them to move in
complex environments, manipulate delicate objects, and safely interact with humans. Hybrid systems that
combine the advantages of both soft and rigid robotics are also currently being studied.
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TPE Materials for 3D Printing

Thermoplastic elastomers (TPE) are a class of copolymers or physical polymer blends (usually plastic
and rubber) consisting of materials with both thermoplastic and elastomeric properties. TPEs are increasingly
used in 3D printing due to their flexibilitgurability, and ease of processing.

TPEs are used in a wide range of applications because of their versatile properties. In the medical
sector, TPEs comply with recognized standards such as USP Class VI and DIN ISO 10993, making them
suitable for use in medicine, pharmaceuticals, and disigeo3 hese standards ensure that TPEs are safe
and effective for use in various medical devices and components, thereby enhancing patient safety and
product reliability.

In consumer goods, TPEs are commonly used to manufacture items such as phone cases, grip sleeve:
and vibrationdamping elements. Their flexibility, durability, and tactile properties make them ideal for
products requiring a comfortable grip and resistarcevear, improving user experience and product
longevity.

TPEs are also widely used in industrial applications, including the production of fasteners, seals,
gaskets, adapters, handles, and grips. Their ability to maintain performance under stress and varying
environmental conditions makes them valuable in indhistettings where reliability and durability are
critical.

The automotive industry also benefits from the use of TPEs. These materials are suitable for
manufacturing automotive components because they can withstand stress anddimogegies that
materials such as PLA and ABS cannot match. The resilienceestullity of TPESs contribute to the safety,
efficiency, and longevity of automotive parts, making them essential for components exposed to mechanical
and environmental challenges.

Thermoplastic elastomers have a unique combination of properties that make them particularly
suitable for specific 3D printing tasks. These materials are characterized by their flexibility while maintaining
dimensional stability at room temperature, whishideal for applications requiring tensile and bending
properties. In addition, TPEs are environmentally friendly, recyclable, and free from latex, PVC, and
phthalates, with low odor and reduced emissions.

In terms of mechanical properties, TPEs typically have a tensile modulus of 60 MPa, tensile strength
of 7 MPa, and elongation at break of 250%, along with high elasticity and good tribological properties.
Thermally, TPEs have a melting temperature of ayprately 138 °C and a density of 1080 kg/m3.
Furthermore, they offer excellent UV and weather resistance, allowing them to withstand harsh environments
and climates, further expanding their range of applications.

Despite their many advantages, TPEs also present certain challenges in the 3D printing process. One
significant issue is printability: due to their flexibility, TPEs can cause problems such as stringing, 00zing,
and poor bridging. These materials may refgrm well with Bowden extruders, and a dirddive extruder
is usually required for optimal results.

TPEs also require specific printing parameters, including a printing temperature range23®%0
and a build plate temperature ofi80 °C. Higher printing speeds can cause filament compression and
jamming. When designing flexible parts, it is recomaeshto use negative tolerances between components
to ensure a tight fit. Optimizing feed rates and printing at lower layer heights in the rangedt thin can
also improve print quality.

TPEs are often compared with other flexible filaments such as TPU (thermoplastic polyurethane) and
TPC (thermoplastic copolyester). TPU, a form of TPE, is stiffer and more durable, making it easier to print.
It retains its elastic properties at lower temgperes and has higher chemical resistance compared to TPE.
TPC, on the other hand, is a polyediased flexible filament known for good thermal stability and chemical
resistance, making it suitable for tougher flexible parts.

Another alternative is Soft PLdA\ an elastic filament made from organic fibers treated with chemicals,
providing a balance between flexibility and ease of printing. Each of these materials has its own set of
properties that make them suitable for differgmplecations, highlighting the importance of choosing the
right filament based on the specific requirements of a 3D printing project. [2]

3D Modeling of the Gripper Using Fusion360

The author describes the development of a robotic gripper using the 3D modeling software Fusion360.
The gripper consists of five main components:

fixed mount on the cylinder,

guide,

fixed mount on the cylinder rod,
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gripper dAfingers, o

cylinder mount to the robot flange.

The parts were designed separately and then assembled into a single model. All components were
developed taking into account the specifications of the robot Universal Robots UR10e and the cylinder Festo
ADVU-16-40-A-P-A to ensure precise operation and caiitglity.

The Afingerd mount to the <cylinder was desi g
functions. Its design precisely matches the shape of the cylinder, allowing the user to easily and efficiently
connect the finger to the cylinder (Fig. 3).

The guide was designed as a cylindrical form incorporating a guide for the second component. It was
created using the Fusion360 ASketcho and AExtrud
4).

Fig.3. Finger Fig.4. Guide rod

Fig.5. Cylinder rod fixed part Fig.6. Gripper finger

The fixed mount on the cylinder rod (Fig. 5)
AExtrudeod functions, ensuring a precise fit to t
The gripper fAfingerso (Fig. 6) were designed
to create a triangular shape. They were designed to grasp objects securely and ensure the stability of the

handled object.

3D Printing of the Robotic Gripper Model

Two different polymers were used for 3D printing the robotic gripper: PLA (polylactic acid) and TPU
(thermoplastic polyurethane). PLA is a biodegradable and environmentally friendly polymer that is easy to
print and provides high printing accuracy. TPUWesible and durable, which is important for the operation
of the gripper.

PLA printing parameters;

printing temperature: 20@30 °C;

build plate temperature: 680 °C;
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printing speed: 5060 mm/s.

TPU printing parameters:

printing temperature: 22@50 °C;

build plate temperature: 8000 °C;

printing speed: 2040 mm/s.

The 3D printing process was carried out using a Bambu Lab Al 3D printer. Before printing, the printer
was calibrated to ensure accuracy. The gripper 3D model was then loaded, and appropriate printing
parameters were selected depending on the polymeriigedg printing, print quality and parameters were
regularly monitored to achieve the highest possible accuracy. After printing, the parts were inspected and
assembled into a complete gripper tool assembly.

Material Sustainability

The author examines the key materials used in the gripper design: PLA (polylactide), TPU
(thermoplastic polyurethane), and pneumatic cylinders. Polylactic acid (PLA) is a biodegradable and bio
based thermoplastic derived from renewable resources sucmagarah, tapioca root starch, or sugarcane.

[3] Its sustainability is high because it is biodegradable and compostable under industrial conditions.
However, although biodegradable, PLA may require specific conditions to initiate degradation, and the
process can take several years. [4]

Thermoplastic polyurethane (TPU) is flexible, durable, and resistant to oils and greases, making it an
excellent choice for many industrial applications. [5] However, while TPU is durable, it is not biodegradable
and may pose environmental issues if naiperly managed. Some TPU types are biodegradable and
produced from renewable resources, reducing their environmental impact. [6]

Pneumatic cylinders are commonly used in automation and mechanical systems. Their sustainability
depends on the materials they are made from and their operating conditions. Pneumatic cylinders made of
steel or aluminum can last many years if properly nagied and used. [6] However, like any mechanical
system, pneumatic cylinders are subject to wear and require regular maintenance. Alternatives such as
electric cylinders can offer better energy efficiency and lower operating costs in some applications. [6]

These materials can be sustainable in different aspects, but their production and disposal may have
environmental impacts that must be considered when selecting materials for any product or system.

Conclusions

An adaptive twefinger gripper capable of efficiently and safely manipulating various objects has been
developed.

Existing solutions in the adaptive gripper market were studied during the project.

A mechanical design was developed, a prototype was created, and experiments were conducted to tes
its functionality.

Research on adaptive grippers confirms their growing importance in modern robotics, as they can
handle objects of various shapes, sizes, and weights, improving the efficiency and versatility of robotic
processes.

Autodesk Fusion 3D modeling and 3D printing technologies are suitable tools for designing and
creating adaptive grippers, enabling the development of customizable and functional devices.

Although the development and use of adaptive grippers involve challenges such as economic viability
and material selection, their application potential in various indudtespecially manufacturing and
assemblg is significant.

Material selection for adaptive gripper construction is crucial, considering both functionality and
environmental aspects. PLA and TPU materials have their advantages and disadvantages, and their choict
depends on the specific application.

The efficiency and environmental impact of pneumatic systems must be considered when selecting
the control system for an adaptive gripper. Alternatives such as electric cylinders may offer better energy
efficiency and lower operating costs.
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Taliau tuo paliu jos kelia ir naujO igglikio, s
aktualiausi O klausi mO wr agavadiokamadi, s kAa utdd nldtjia
magaja vairuotojo D&itraukimas, o tai gal i Il emt i

Aplinkosauginis aspektas taip pat tampa vis s)

giltnami o efektN sukelianli O dujO galtiniO, toda
kli mato kaitos magi milmesekhant gkpsatl e .vaVariarvu ontoo jsQ i |
sNnaudoms ir emisijoms. Ekol ogigko vairavimo pr
taliau jO taikymas priklauso nuo vailDaiaoajpaOskas
Bragukiena, 2013: 58)

Svarbu pagymati, kad viisjii egiseNvwd ikkasurjiaait am drua
kompl eksinfin sistemN. Pavyzdgiui, netinkamas dar
vairavimo stili O, dideskie@ teimkismy k. i To ddéildetsintii r
apimantis Vvisus giuos aspektus.

At si gvelgiant DZigvardytas

probl
omeninio transporto vairuot

3}

I

emas ir tende
darbo speci fi
lyg;lenBZiceklama
be i ntegruot

gr ind|n|a| tyri mo Kk
i
[
r

< C

0
o0j O
DZ saugN, svéiekatyNuimN.a Bltir ak psa
ir pateikti kritinn jO analizn
Straipsnyje keliami gie p
kie ei ksni ai apibr a
p Vv

v a a profesionali O va
gi [ a saugN ir sveikat
technologljo ir d b organizavi mo va
vairuotoj O el gsen SuUsijusi su aplink
s tyrimO kontekste galima i¢gskirti kel

a
T ko rag

1 kai e veiksniai ei ki
T koks a

1 ka p a

e

irbtinio intelekto taikymas vairuotoj O blkl ads s
eidgia pereiti nuoo fsruapgrmeetnitmioo tap iper iree asliisase nd anri b
ndividuali zuotus darbo model i us, kurie atsigvel
aliausiai, vis svarbesnis tampa iinrt eagprluiontkaoss gugj
Api bendrinant gal i ma teigti, kad profesional
gi matis ir di nami gkas reigkinys, kurio anal
u ifra grindgiama sishkemaneubsekiribalras skhhai
b mati kos aspektus ir pateikti integruot N j C

Met odol ogi j a

Gi ame straipsnyje tai koma met odol ogi na priei
rincipais, siekiant wugtikrinti anali zuojamos ir
tsigvelgiant DZ nagrinadaj amos!| dginjoas itmtregri saji gl t
rgonomi kos, profesinas sveikatos, psichol ogij o:
ompl eksinis metodinis pagrindas | eidgia ne ztii, k
dentifikuojant pagr i(nkdairndeesl itsé b .d2pOn0c5i:j alsl 2bei spr a
is straipsnis remiasi sisteminas apgvalgos
ol oginis pasirinkimas yra pagrD&tas tuo, k
ingus tyrimo metoduasnalti@didlinewildr® tpiak ak k akny
ia integruoti heterogeni gkus duomenis ir pa

Apgvalgos tipas ir metodinis pagrindas

Straipsnyje taikoma sistemina literatiros apg
pati kimiausi O metodO apibendrinant mokslines ¢gin
ir anali zuoti mo k qulti rsiulbbg eckd lytviumiou s r sau ma@ikmas ¢gal
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Met odol ogi ni s pagr PRUSMA i §Prdeafl é rerse dr eRd msrit i n
Reviews -Amal Wada)Ami s, kurios plali aiPRtl&iMdo mes oslii
ugti krina:

fskaidrO publikacijO atrankos procesN,

T ai gki ai apibragtus DZraukimo ir atmeti mo Kkri

fnuosekl O duomenO®O analizads procesN.

Tali au, atsigvelgiant DZ temos specifi kN, PRI
anali zuoj ami tyri mai pasi gy mi met odol ogi niu ne
modeliavimo tyrimai).

Duomen® analizads metodai

Atrinkti tyri mai buvo sisteminami ir anali zuo

1. Temina analiza (thematic analysis):

Leido suskirstyt.i tyrimus pagal pagrindines
T psichofiziologiniai veiksniai

T ergonomi ka

f sauga

T darbo organizavi mas

T technol ogijos

T aplinkosauga

2. Krygmina anaahl yai 6ross

Leido palyginti skirtingO tyrimd rezultatus i

3. Kritina anali za:

Vertintas tyrimO metodol oginis pagrD&tumas, i

Gi O metodO derinimas suteikd galimybn ne tik
model DZ

Met odol ogijos ribotumai

Nepaisant sisteminio pogilrio, tyrimas turi k
tekste

Pagrindiniai ri botumai

f TyrimO heterogeni gkumas:

T Skirtingos metodi kos, imtys ir vertinimo Kkr

f Ribotas longitudiniO tyrimO skailius:

f Dauguma tyrimO yra trumpal aikiai, tod&dl sun

T Geografiniai skirtumai

! Skirtingos darbo sNlygos, infrastruktira ir
gl obaliu mastu.

1 DuomenO trlkumas realiomis sNIygomi s:

f Dalis tyrimO atl i ekami | aboratorindmis sNI vy

Met odol oginas tendencijos ir ateities kryptys

Analiza rodo, kad metodol oginiai p®aigri ndi nié
tendencijos:

| peréjimas nuo |l aboratorini® tyrimO prie real

T didgi 6j O duomend® (big data) ir telematikos r

T dirbtinio intelekto taikymas el gsenos ir nuc

f integruot® modeli © kirimas, apimanl|li O kelis

Ateityje tikatina, kad metodol ogija taps dar

T individuali zuotus model i us,
T adaptacines sistemas,
f kompleksini O sistemO analizn.

Tai kyta metodologija | eidgia nuosekliai ir o kr
integruojant skirting® mokslo srili® Dfvalgas.
sutei kia galimybn dgienitask, alpétbeindriiddant iefsiakmact i p
krypMeitsodol oginis pogilris, grindgiamas tarpdi st
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ompl eksini vairuotoj O darbo specifi kN ir kurt.:i
trategijas.

Vairuotoj O darbo specifikos teoriniai pagrind
Profesionali O vairuotoj O darbo specifikos ane
eorinio pagrindo, Ie|dglanlltiroanisnptoergtrouoitrigisnkeirritj
ognityvinds psichol ogidroisi Disv akgamp! eNai nubt cjict
nterpretu Jama kaip |l iuotas procesas, nes ji
Nvei kauja gmogus, te ind sistema ir awluimiNkos
et ir saugos | ygDbZ t | teorinis gios veiklos
or mavi mosi mechanizm
Giuolai kindje mokslindje I|iteratiroje vairuot
unkcijO sistema, kurioje vienu metu vyksta keli
storigkai buvo 1| aikomas apagrgi ntdiiknreOjv@aiyruaot i b
i mensijO. Galia technini® veiksmO, toki O kaip g
airuotoj as nuol at vykdo sudatingus kognmuyvi ni
ituacijos wvertinimu ir sprendi mO pri dmi mu. Gi e
eapi brdagtumo | ygiui, toddl jO efektyvumas ties
Sadauskas, 2019:;: 27)

Be kognityvinas ir techninas dimensijos, vVvisu
gi ma socialind sNveika. Skirtingai nei daugely
ontaktuoja su kel eisviitauiasc,i jsapsr einrd gaita ikeoknaf |piakstlianue
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egzistuoj a ir organi zacina vei klnoasr gdiumé
navi mu ir reakcija DZveiklos sutri ki mus, I

e
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g apsiriboti vien tik techniniais ar fiziol
d
0
09
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k
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yita agmpogasappbrnkmsndi stema, |l eidgianti

t
r
a
Gi
a
e o)
c N . Gi sistema apima tris pagrindinius Kkomg
n y
I

i
I\O ~
O funkcijO integracija |leidgia teigti, kad
i
i
s
t

viniais ir elgsenos paramefsrarspeprgoaompoe
i nkN, kur i yra dinami gka, neapi bragta ir
yra tai, kad sauga ir efektyvumas prikl au
Ats.ir esant optimalioms technindms sNIygoms
emti sistemos destabilizacij N.

arbo krilvio teorija yra dar vienas esminis Kk
gi ame kontekste apibragiamas kaip santyk
ti. Gi s s'iajnits/kldiskrimaiusmrmpastnmnousaplinkos sud
fiziologinds bilkladas ir kitO veiksniO. Ypa
acijos apdorojimo intensyvumu ir sprendi m
uoja optimalus darbo krivio lygis, kuri ame
, tiek DZ magesnn, tiek DZdidesnn pushi, gal
ddson dadsnyj e,i nkeuarriisn DZpriybgiD¥itnaar pn ealk t yvumo ( a
ogigkojo faktoriaus teorija suteikia papild
t oj O kIl aiidjooss ndiardan i aatussiitaiik tkiynldas d & | Si st emi
s ar neti nkamasg&dma 9,0 20 gEsn ikd M)ai nkalsai d O k|

i
a
o
a

rl

i O, taisykli O taikymo ir sprendimdO klaidas,
asifikacija leidgia identifikuoti, kamkiig ovse
O biti efektyviausios. Pavyzdgiui, damesi o
osnepakankama informacija ar netinkamu situ
mplek5|n|O sistemO teorija dar |l abiau prapl
gy mi nelinearinadmis sNveikomis ir emergent.i
me sistemos el ementel BZapov siukZ vii s aii spirvDtpedN
[
Y

i [
al t
| aii ¢

'jos | ai ko padidajimas dal nuovargio gali
mi dideliu jautrumu pradini O sNIygO npooky] i
iavimMdh maed oatO.al . , 2026: 9)
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Svarbus aspektas yra tai, kpd nuai & Kiose pi
vairuotojo blklas, aplinkos sNIlygd ir technol ogi
dagniau keiliami tiikmnimgibs$ ninat sdairs dalugi agiranlei ai
variabilumN. Tokie model i ai l eidgia ne tik verti
yra ypal svarbu saugos valdymo kontekste.

Api bendrinant galima teigti, kad profesional i/
si st ema, kurios analiza reikaliBuaasponrntdagpbiohlkmnsg
model is, darbo krilvi o taencarliijzad, i¢mdkginipK cejkos ifna kdt osri
| ei dgi antDZsuprasti ¢gios veiklos mechanizmus. Gi
reigkinius, bet ir identifikuoti efagkt ynwWiia®esi ntia

Ateities tyrlmO kontekste vis didesnn reikgmn
s, tiek technologiniO sistemO, tiel
duomenim'rseaglaIDBt()alindx@eilnDprlmandq')jNah
i
I
e

0T o

l eidgia dinamigkai vertinti rizi
teorini O pagrindO platesaekiaapta k
ktyvesnes ir tvaresnes transporto

®a—®—

giniai veiksniai

gini ai vei ksni ai yra vienas SV &
s lemia tiek eismo saugN, tiek d
asi gy mi nuol apromeesfQveéeirk&ogaipytviaoni 6l ¢6g
tur i bTti grindgiama integruotu pogilr
hol ogi j N. Skirtingai nei fizi
oofgii znii os [ i ¢ dideliu Kkintamumu i
O bei aplinkos vei ksni
ienas ig pagrindiniO pS|chof|Z|oIog|n|O vei k:
rizikos determinantO transporto sektoriu
oginius, tiek okgdagrnist ynwionviau sy i s pdeakgtnu sa.u sk iaz i
: kuris bidingas vairuotoj O darbui dal il
gis atsiranda d&l nuol atinio dameG ipo ikiomi cre
i o. Ypal svarbus yra miego trikumo sukelta
ir spgmMardiam@tka®kyhei2026: 5)

Empiriniai tyri mai rodo, kad nuo
i p reakcijos | aikas, damesi o stabilumas ir sit
i turdti kritinBOi pasm& me Ds(m@yapbarlitge a enirptscBresld 4
ovargis gathiiegaukepitaoduss,rokurie yra ypal pavo,j
aranda sNmoningN kontroln. Gie epizodai dagn.
giuojant il gai s enagma uit mt{Sfasaaygv emwwiat . magame: 11
Kitas svarbus psichofiziologinis veiksnys yra
a nuolatinis ir daugialypis. Vairuotoj ai SuUSi ¢
i ko spaudi mN, swicdiad iinm rmalnviem&tNy tsaus kseilteiaci j as
iek ilgalaikDZpovei kDZ Trumpuoju |aikotarpiu ji
resas |l emia kognityviniO f undkécjiusG N akbllaoi gdaQ itm Nk,
KognltyV|né'1 apkrova yra glaudgiai susijusi su
giama kaip informacijos kiekis, kur DZ vair
s
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[ su dar bo apd ikdkprsi tsyuvdiantai nagpkrua v aDi glael i

mus, sprendi mO pridmimo klaidas ir situac
maga apkrova gali b1t pavojinga, nls Jodalu
i malus kognityvinas apkrovos lygis yra kritin
Reakcijos |l aikas yra vienas svarbiausi O rodik
o daugelio veiksniO, DA kaitant nuovargDbZ stre
akcijos | aikas svysupyojfal naao ésanﬁkhuavérgsielkiun
didajimas turi di sproporcingai di del DZ povei kDZ
mt i nesugebdjimN igvengt.i susidTrl moot Regakoi ki
stovi ir gali keistis net per vienN darbo pama
Damesi o mechanizmai yra dar vienas svarbus psi
mesio tipO sNveikos, Dadkaitant selektyvO, pada
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nerei kgmingN infor nadiejnN, mmadjala|p|dtoa$)tdam«a$ys i nf
dameisiygsl ai kyt i koncentracijN ilgN laikN. Gi O mec
esant dideliam dgairubioo krTviui ar nuovar
Cirkadiniai ritmai ir pamaininis darbas taip
bT kl ei . Gmogaus organizmas yra pritaikytas veikt
ankstyvomis ryto vamansomagapgiamN sBukmi égobkdkwyba
|l ai kot ar pi s r tarp 2 ir 6 valandos ryto, k ai
Pamaininis darbas trikdo §giuos ritmuistdamnmt gmdtiaba
ir girdies bei kraujagysli O sistemos sutrikimus.
PS|chofi2|oIoginiC) bT kl1i O ertinimas yra su
tegracijos. Fiziologiniai rodi kIl iai, tokie ka
desi © analiza, | ei d§ioa bd kjl @kt ynail a4 ia uDZge ret inmettio d
i kalauja specializuotos DZangos Todal prakt:
ausi mynai r saV|Jautos vertini mai, nor si ,jie
iravimo tr svyravimai ar reakcijos
iruotoiHaob o 14)
Svarbus a psichofiziologiniO veik
% i esas gal.i ne tik tiesiogiai di di
I mi (kLlusreochseNneattBo)aIsTalp2qalaﬁsu'[ &s gal i
a ybin ir bendrN transporto sistemo:
[ nami ne izoliuotai, o kaip integr
Pastaraisiais met ai s stebi ma ai gki tendenc
chofiziologini® veiksni O valdymo. Tradici gkeé
lizuojant DZykusius incidemtius, |[taalkiuasted@dj os
gnozuot. galimas rizikas. Dirbtinio intelekt
ti adaptacines sistemas, kurios gal. aut omat i
en
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v cines( @hrerenotn&l ., 2026: 6
teities tyrimO kontekste svarbu pl &toti i ndi
i ologinius ir psichologinius skirtumus. Skirt
ndi mai gal i bitinameehekgyudsi Pai ph pfaitzioll t
metrais, tokiais kaip darbo organizavi mas, t
kos vertinimo model DZ
pi bendrinant gal ima teigti, kad psichofizi ol
ecifikos dali s, l emi anti veiklos ribas i
i ni s, todallkaﬂaluij)avusntje@rualdymaiyomenln
Gi O veiksni O analizad sudaro pagrindN
vimo ir technologini O sprendimO opti miza
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Ergonomini ai ir biomechaniniai aspektai
Ergonomini ai ir biomechaniniai vei ksni ai sud:
cifikos komponent O, kuris tiesiogiai vei ki a
i eseiogm@isaugN. Vi suonejnd nd @r o amesiploditso praas irqu
i ri botu judrumu ir nuol atiniu mechaniniC
ind sNveika | emia kumuliacinDZpovei kDZ gm
aliau turi il gal ai kes pasekmes.

Vienas pagrindini O ergonomini O iggikiO yra il
arbo dali s. Skirtingai nei dinaminds veikIl os, k
astovO tam tikr O r awnmgmd kgrawpio® abZNe mpBii noNneicrh am i
u
0
i

— X X3 W
Q0O = dT

e
tie
Tviu,

mpl eks
i ko t

osmens didl5i ss,egyneallt ali4 patiria padidintN apkro
kylius. Be to, dal ri boto judajimo surka@aja |
rkuliacijN ir skatina nuovargio kaupi mNsi

Svarbus aspektas yra tai, kad vairuotoj O | ai
l ement O i gddstymas lemia tam tikrN asimetrijN
aumen®O grupi O. Toki a Ialsalumeltlrgalaalgkaaljle bpl etri s psewkht t
ei ksni u, prisidedanliu prie | atiniO nugaros, k
a
[

0T T

tvirtina, kad profesionalls vairuotojaiele@ag@gni
i stemos sutrikimus, kurie tiesiogiai susijhi su

woT < =0
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Ne magiau svarbus biomechaninis veiksnys yra

darbo aplinkos dali s. Vi bracija atsiranda dal k
savybi O ir vagiavimo redagoioJoamplbiveudds ipriktie
gali turdti reikgmingO pasekmi O. Ypal pavojingi
natlraliais svyravimais, nes tokiu atvejiu sthbhbac
di sk® degeneracij N, didinti raumenO nuovargDZir

Svarbu pabragti, kad vibracija veikia ne tik
Tyrimai rodo, kad il galaikis vibracijos poveiKkis
koncentracij N ir gckii dai, n tkia dn uboivoamegcDZ a nTianii arieivei ks

psichofiziol ogiiimeieibsinkol esia,ugoaiper | N

Darbo vietos ergonomika yra dar vienas kriti
Vairuotojo kabinos di zainas tur i ugti krinti (o
antropometrinius parametrus idibvomeclgahi mybssp.
pedal O i gdadstymas ir valdymo element O pasi eki amu
l eistO iglaikyt:i neutrali N kino padat DZ Tali au
tinkiampritaikyta individualiems porei ki ams, o ta
atsiradi mN.

Ergonomi kos probl emos dagnai yra susijusios
atsigvelgia DZ realias darbo sNlygas. Pavyzdgi uj
echniniu pogil , tali au niepoatkiam&kia man D& eir k a mt
oveikis. Tai I aktualu moderni ose transpor
echnologini O s di mO, didinanli O informacijos

RaumenO ir S to sistemos sutri ki mai yra v
robl emO. Gie s ki mai atsiranda dal ilgal aiki
ombinacijos. D ausoaldahseses@kuama&atkaﬁbon
iegO perkrovos ndr omai . Gi O sutrikimdO vystym
tadijose, talia il gainiui jie gali raikgmgomhii

Svar bus aspektas yra ergonomini O ir psichof
mf ortas gal didinti stresN ir maginti dame
n Tuo ©paliwu met u wslckhemfs”znolagk;nsenMuow
damas biomechaninDZ krivDZ Gi abipusd sNvei
namos kaip integruof(®.siDst &dNmpayei)ee khaip 2C
astaraisiais metais ergonomikos srityje past
ie individualizuoto darbo vietos pritaikymo.
aptyvias valdymo sissemasndi mus,i bkaci ¢ogali opl
iruotojo poreikiams. Taip pat vis plaliau tail
idgianlios DXZertinti darbo \ViKétmo & e&ri¢gn 2Mi2k6N d
Ateities tyrimO kontekste svarbu platoti int
i zinius, bet ir kognityvinius bei organi zacini
rtinamas ne tik pagadlo fpiomien BZDK a@rafmersti M, ketc eintt
rendi mO pridmimui. Taip pat bitina integruot:i
nami gkai pritaikyt:i darbo sNlygas.
Aplbendrinant gal ima teigti, kad ergonominiai
uotoj ® darbo specifikos elementai, turinty
i O analizAomiomioai ktadl knwermhaii ri Ingalii ndiel
e I bitina sistemin& ir integruota ¢
a traumO ir 1igO rizikN, bet ir ptbssdedam
o
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Sauga ir rizikos veiksniai

Ei smo sauga visuomeniniame transporte yra kom
i jusi O veiksni O sNveika. Profesionali O vairuc
spr

rtoi
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endi mai i r r eiaokgeiin fo sDZraekaN ieui sl naoi kDE ydkair( ttiikei
ngai nei technini ai ar infrastruktliriniai
jautrumu vidinams bei i gori nams ¢ &iprystsangss, t o
mechanizmus.
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Moksliniai tyrimai nuosekl i ai rodo, THadnensmb.
iranda dal keli ® veiksni ® kombinacijos.
[ uosius, teshheohuosniniapgpkdnkas. aNonepal an
i dauguma tyrimO patvirtina, kad gmogi g
i e dalyje eismo DXZyki O. Taiprriedngikmoa ,k okkayd
i saugos el ement ai

mogi gkojo faktoriaus analiza rodo, kad klaid
e

a

—_—

mini © sNIlygd pasekmd. Kognityvinds psichol c
s kategorijas, rataspiodi rmlpidog o kimot il ygu usi n
jusios su dadmesio trlkumu ar automatini O v
kamai interpretuojant situacij N, O swramdi
macijos tril kumu. Gi kl asifikacija |leidgia s
i O prevencija re{kauaetattii{fereéij 6otO pr
Vienas ig svarbiausi O rizikos veiksniO yra n
ekvaliai reaguoti DZ ei smo situacijas. Nuovargi
ai dO tikimybn. Empiikra ndiadajtay rnemalii miojdioni Wk,ado re
I kui ir magaj ant poilsio intervalidms. K

| and® darbo pamainomis ir nepakankamu, pkoad sna
di del i darbo organizavimo pokyl i ai gali turat.i
Stresas yra dar vienas svarbus rizikos veiksn
ma s | ai ko spaudimas ir socialind sNveika su
nit i nes funksitjrasasNgai;itpanhpalialtklbudrumN,
i amas, nes jis magi

y Vv
i gi g a sprendlmo kokybn
ngN elgsenN, pavyzdg
bn

bi

r

i n
i ui, stai g&® e¢gre&ino ajDEy
a vieta tenka matemaf
i gkai DX ertinti skirtingd veiksni O poveik
bn, at5|gvelg|antuDZvIaZrzgllslusiapa)roarineﬂrvms,atr
ai suteikia galimybn DZertinti ki ekvieno v
ASwi ss cheesefi model i s, l ei dgi a supr dsetnit,i
N Gie modeliai rodo, kad sauga yra ne Vie
Darbo organizavimas yra vienas ig svarbiausi O
reguliarls grafikai ir didelis darbo intensyvi
krovN. Be to, | aiako uopay diismeg igantii sk atiikn tnig uvs
| avi mus. Socialiniai velksnlal, tokie kaip k o
ncentracij ai ir sprendi mO pri ami mﬂleIEmdatasle
TechnologijO platra suteikia nauj O galimybi O
Pagangios vairuotojo pagalbos sistemos gali. S U me
taliau jos taip paudrguamhtN dndalg i and ti o nvaatiirzuaoctiojjoos be f
technol ogijomis gald. l emti sitwuacinio suvokimo p
per i mti kontroln. Todal technologi ji® ipmiaegi paiijse
i gl ai kyti optimal &6 gmogaus ir sistemos sNveikos
Svarbus aspektas yra —rizikos nelineari §kumas
arpusavyje ir gali stiprinti vienas kito poveik
skatinti rizikingN ellgaeéniNi ziTh&i aegdlviei bEtii emee
uol at kinta priklausomai nuo vairuotojo bl kI as,
aldymas reikalauja dinaminio ir adaptacinio pog
|l nt egruotas rizikos modelis |l eidgia apibendri
i stemos funkcij a, kurioje dalyvauja psichofi zi
ei ksniai. Gis modebnsopabtagi aavkmdsvnédna paekhk
i stemos komponentai . Pavyzdgiui, technologijO
arbo organizavimo ar ergonomi kos probl emos.
Pastaraisiais metais saugos tyrimuose vis did
Tradiciniai metodai , orientuot.i DZ DX¥ykusi O avar
i dent.i i kuoti rizi kNedhiojpoi egi kai duemémn@uapaht
intelekto sprendi mai suteikia galimybnin nuol at S

izikos analizaje svar
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model ius ir taikyt.i prevencines priemones. Toki
saugos val dymo.

Ateities tyrimO kryptys rodo, kad saugos anal
kai p aplinkosauga ir efektyvumas. Vairuotoj O el
emi sijoms, todal biliiema ketui veodeéhi ©s kekisi &r v
i ndividuali zuotus rizi kos model i us, kurie atsigyv

Api bendri nant galima teigti, kad ei smo saugsé
di nami dkas reigkinys, kuri o

pagrindinis el ement
organizavimas ir technol ogk$onbsOs

k al

a

OssidaremNar busavl¢
Ef ektyvus saugos valdymas r ei a
adaptacines, duomeni mis gr D&t as

auja integruoto
sprendi mO sisten

Darbo organizavimas ir socialiniai aspektai
Darbo organizavi mas ir socialiniai aspektai
D ertinamO profesionali O wvairuotojO darbo sp
psichofiziologinei bl kIl ei, daribonedf etketcyhvnuimuiia ii re
vei ksni ai , kuri e dag ni ausi ai yra | engviau ident
spekt ai pasigymi didesniu kompleksiniu pobl dgi u
rganiOzaail dymN ir transporto sistemO analizn. |i

roinstituc(Thauwt keewgiull iBearvd ,mu2023: 34

Vienas i§g pagrindini O darbo organizavi mo el emi
iuje dagniausi ai grindgi ami pamaininiu da
inti nenutrikstamiNaltiraan sjpior sok praisd apg@i It d
fiziologinei bl k1l ei . Nereguliarils grafikai
i nius ritmus, o tai l emia sumagajusDZ budr
dat aci j os utrlkimN. Gie veiksniai tiesiogiai s
Darbo trukm ir poilsio regimas yra glaudgi ai
pal virigioj a/ralllamsi©8 l emia eksponentinDZ nuovargi
ai kN, dadmesi o koncentr abeii.j NITuior tsaprpeun dnienpa kparnikanr
amainO neleidgia organizmui pilnai atsistatyti,
ad optimalus darbo ir poil sio balansas vy Vi
a
h
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ra

i ravi mN. Be to, vis dagniau pabragiama indivic
ronotipN ir fiziologinius ypatumus.

Darbo intensyvumas yra dar v
ognityvini apkrovN ir emoci nni
riegtO tvarkaragli O, kusme 8é&
paudi mas, kuris skatina wvairu
al avi mO. Toks spaudi mas gal.i e agresyvesnl
rendi mO racional umN. Be t o, di delis darbo inte
iftinos nuovargio magini mui
Socialiniai aspekt ai yra neatsiejama vairuot c
iruotojai nuolat bendrauja su keleiviais. Gi s
tuacijos ir agr egdpawWwnsa sk sltaiewiod gaeallgeasnyiss . yrfaki
ofesini O Dgidgi O, bet ir emocinéds savireguli
u i a0 2
i

O < XT —X

S svarbus org
I n. Vi suomeni
sadaDalitionlka

us prii mti gr
i

U_g<(ﬂ(Q7T

|

zmar s ki enSo,c 024) s stresas gal.i n u Kirseaiupgtaiu sd
ravi mo, o tai tiesiogiai didina ei smo DZ/ykiG
Profesinis perdegimas yra ilgalaikio streso i
identifi kuojama transporto sektoriuje. Perdegin
motyvacijos |lygiu ir depeaerabepl ngasi savokdardarhb
turi tiesioginDZpovei kDZdarbo kokybei ir saugai,

j a atsakomybés j ausmas. Be t o, per degurmass Yy
ria papil domO igglklO organizacijoms.
rgani zacind kultira ir valdymo praktikos tai
S kultlra organizacijoje apibragia, ka'p
cijose. Organi zaciojtmg,0 lgerioowei sk imoiky md lhme g
ausi ali pasi gy mi aukgtesniu saugos | ygiu. Pr
ai ir ignoruojami gmogaus veiksniai, dagni a
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Svarbus aspektas yra organizacini O ir psichot

suorgani zuotas darbas gali sukelti nuovargbDZir s
klaidO tikimybn. GiessKeéikaeykanneal i gadaii sd, pmir
ilgos darbo valandos kartu su dideliu darbo inte
pal yginti su kiekvieno veiksnio poveikiu atskir a

Pastaraisiais metais darbo organizavimo tyri
pogilriui, kuris |l eidgia vertinti ne tik indiuvi
identifikuotdi kritini ursvetnagk uoss sgiasltie nouregt ik udriidug
darbo grafikO® optimizavimas gali biti efektyves
probl ema yra nuovargis.

TechnologijO integracija taip pat keilia dar!l
stebati valruotOJC) vei kI N realiu | aiku, anal i zuc
ti k identifikuotd.i peobhemases pet emonetsai klyalii ap
technologijos bltO naudojamos ne kaip kontrol s,
di dinti stresN ir maginti darbuotoj ® pasitenkini

Ateities tyrimO kontekste svarbu platot.i i nd
atsigvelgtO DZ vairuotojO fiziologinius ir psic

organizavimo aspektus su kiomaksa Vvei ksercihaniod,ogi ¢ k
holistinbDZdarbo aplinkos model DZ Dirbtinio intel
galimybi ® optimizuoti darbo grafikus, prognozuot

Api bendrinant galima teigti, kad darbo organi
formuojantys profesionali O vairuotoj O darbo apli
netiesioginis, talivas lgaDaiveri kishhgm®d vaasy mafsek ey k
apimtO ne tik organizacinius sprendi mus, bet ir

Di skusij a
Atlikta analiza leidgia teigti, kad profesion
a kompleksina, daugi amata ir dinamigka siste
gonomini O ir organlzaC|ar5|p@k\la||ksmia@rél‘ﬁn\éeiikaa.nkS
ti interpretuoj ami kaip i zoliuot:i komponent ai ,
mi a galuti nDZ saugos rezultatN. Todal mdi, s k @gs iyjj&
grindinius mechani zmus, |l emi anlius rizikos for
Vienas esmini® gio tyrimo aspekt® yra tai, k
vertinama redukcionistiniu pogilriu, kai atskir
Psichofiziologiniai procesai, tokie kaip nuovargistrse s a s , yra tiesiogiai sus
ergonomi nami s sNIygomls. Pavyzdgiui, il gos darb
kaupi mNsi , kuris magina reakcijos greitbDZims sit:
sNlygos gali sukelti fizinbDzZdiskomfortN, kuris
sNveika rodo, kad sauga yra ne pavieni O veiksniC
Gmogi gkasis faktorius iglieka dominuojantis s
s techninas sistemos gali sumagint.i
ginds bikkadd kbvgrdusm@agAnalusizai rk
T kumO, o dal sistemini O darbo sNI yc¢
r
r

T T oo

r
r
i
e
a

o =~ 0o~

yti igvadN, kad saugos et dymaBZ d
aplin ganizacini O procesO optimizavi mN.

Darbo organi zavimas ¢giame kontekste igrygkaja
tiesioginDZpovei kDZ saugai . Pamaininis darbas, il
didina nuovargDZ ir ®@ac¢ifrekt ko gmiNt y wiprmil O sfviarbai jp
poveikis yra nelinearinisn e di del i darbo organizavimo pokyl i ai

odo

[
n

n oo~ w;m

saugos |l ygiui. Tai r , kad efektyvus rgaazavgnos Vv a
optimizavimu, o0 ne t pavieni O problemO sprendi
Ergonomini O veiksni O analiza& taip pat patvir
onomi ka dagnai vertinama kaip darbuotoj O sve
sioginDZrygDZsu kogni tymbkokybei llgalaikisifizikiscdiskorofontass i r
i magi nti ddmesio koncentracijN, di di nti nuo
k odal
s NI

a
d
k

I
i ksni ai pasi gy mi kumuliaciniu poveiKkiu, t
nedidel ems pradiniams nukrypimams nuo optimali O
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Svarbus diskusijos aspektas yra psichofiziolo

kognityvina apkrova ne tik veikia atskirai, bet
sumagi nt i gebdaji mN ssasdgrdti psaudidtntasu,kognisttyw
apsunkina sprendi mO priami mN . Tokia sNveika | emi
ypal esant keli® neigiamb veiksni O ko nkbsvertmind j ai

ir valdymo modeliugZhou et al., 2026:-G).

Metodol oginiu pogilriu analizad atskleidd rei
interpretuojant rezultatus. Vi enas pagrindinio
rezultat® palyginimN ir apskéentdingi mNer 8kni mbngo
dydgi ai l emi a, kad kai kurie rezultatai gali th
tyrimO yra atliekami kontroliuojamomi s sNI,ygom
pasi gymin|li N dideliu kintamumu ir neaplbragtumu.

Dar viena svarbi problema yra ilgalaikiO tyri
darbo sNIlygO povei kDZvairuotojO sveikatai ir sau
momentinius efekt us, ditlgalakad tendeecijas Ka ro#toa kad ateities ttysnpai n
turdat® biti orientuoti DZlongitudinalinius duom
dinami gkus procesus.

Praktiniu pogilriu atlikta analizad leidgia i¢g
saugesnas transporto sistemos kTri mo. Pir ma, b |

gmogaus fiziologiniusi rpoomiek Kk.i uAntirra,d aswer bkur T ové ro

siekiant sumagint.i fizinDZ di skomfortN ir jo net
integruoti psichofiziologinads bikla&ds shakBdsdanogpr
joms pasireigkiant kritinase situacijose.

Ateities tyrimO kontekste svarbu pl &toti i nt
vei ksnius ir jO sNveikN. Tokie modeliai turdatoO b
prie besikeilian]li O sdNilneg@®Z sTkairpt ip atn dhbilvtiidnuaa | dizdae
DZ darbo krivDZir stresN gal. rei kgmi ngai skirti:
darbo efektyvumN.

Api bendrinant galima teigti, kad profesional:.
kurioje sauga formuojasi d&l daugelio veiksni O s
o darbo organizavimas ir ergonomika yra pagrindii vei ksni ai , l emi antys |

val dymas reikalauja integruoto, sisteminio ir d
rizikas, bet ir aktyviai jas valdyti.

|l gvados

1. Atlikta sistemina analiza leidgia daryti i
visuomenini ame transporte yra kompleksinis, dau
psichofiziologiniO, ergononsianvii® isrNvei ¢g@ani zGicei nv
i zoliuotai, o formuoja integruotN sistemN, Kkurio
aplinkos ir vIoidrdd oteoijsomobiskd dgsa ¢gi ame kontekste
rezultatas, o ne pavieni O veiksni O suma.

2 Vienas svarbiausi O tyrimo rezultatO yra tai,
stresas, i gl ieka pagrindiniais rizikos deter min
tikimybn. Nustatyta, kRaldi meé r ivreii Kk sihrig @k pmw leiddad idro|
magaj ant poilsio interval ams, rizika didaja dis
dadmesi o koncentracijN ir situacinDZ suvokamNnpt io
rizikingN elgsenN. Gi O veiksni O sNveika | emia, Kk

3. Ergonomini ai ir bi omechanini ai aspekt ai tai
pasireigkia netiesiogiai. Il gal ai kis statinis ki
sukelia fizinbDZdiskomhoenNrakujNsi magidandameasi
Kumul iaciniu poveiKkiu, todal il gainiui gal i rei
Nustatyt a, kad ergonomi kos gerinimas yra ha&a tik
tiesiogiai susijusi su kognityvinamis funkcij omi

4 Dar bo organi zavi mas igrygkaj a kaip Vi enas
psichofiziologini blklnfn ir saugos | ygDZ Pamainin
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paudi mas sudaro sNIlygas nuovargio ir streso k

ustatyta, kad net ir nedidel] darbo organizavi.l
spektas turi blti arespdrntaanassi sktad rpo sstwalteygmmiesl ¢
5.Svarhbi igvada yra ta, kad vairuotoj O darbo
i st ema, kurioje psichofiziologiniai, ergonomin
tiprina vienas Kkito porvied rktDd o tRaesd ulkZcd tosnk isrtu sni we if
es jis neleidgia DXZertinti realios rizikos str.
i sN darbo aplinkos kontekst N.

6. Tyri mas taip pat paroda, kad efektyvus s a
echnol oginiais sprendi mai s, j el nara sprendgi a
ors technologijos gali.i sumagkompenhamoti knQokaa
epal anki O darbo sNIlygOd poveikio. Todal biltina |
iek organizacinius ir ¢gmogaus veiksni O aspektus

7Praktiniu pogilriu tyrimo rezultatai l ei dgi .
risidat.i prie saugesnas ir efektyvesnas trans,|
rafi kus, atsigvelgiant u®X ampigaukabpiomogii ndasnir
erinti ergonomines darbo sNIlygas, siekiant s ume
unkci j oms. Trelia, bitina diegt.i psichofaizkwl o
dentifi kuoti rizi kines bl senas. Ketvirta, svarl
kcentuojant saugaus elgesio ir streso valdymo a

8 Ateities tyrimO kontekste bitina platoti ilg
eistO geriau suprasti kumuliacinDZdarbo sNIygO
urie atsigvelgtO PaAvaholuogioniOuséi gkiof bgmns usber
nalizi DZsprendi mO pri dmi mo procesus. Tokie mod
i nami gkai reaguot O DZbesikeilian]lias sNlygas.

Api bendrinant gal ima teigti, kad profesional
emi antis visuomeninio transporto saugN. Gios sr
ntegruojan|liu ¢gmogausrbei bsgiams zaer mbnoii kNt ok
fektyvias priemones, kurios ne tik magintO eis
ransporto sistemos veikimN.
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WORK CHARACTERI STI CS OF PROFESSI ONAL DRI VERS I N PU
I NTEGRATED ANALYSI S OF PSYCHOPHYSI OLOGI CAL, ERGONOMI
FACTORS I N THE CONTEXT OF SAFETY

Summary

In public transport systems, the activities of professional drivers are one of the key determinants of traffic safety
and service quality. Despite technological progress, the human factor remains a critical element of the system, whose
condition directly #ects the probability of traffic accidents. The aim of this study is to systematically analyze the work
characteristics of professional drivers by integrating psychophysiological, ergonomic, and organizational factors and
evaluating their interaction irhé context of safety. The study is based on a systematic literature review using the
method of narrative synthesiEhe results indicate that the work characteristics of drivers constitute a multidimensional
system in which fatigue, stress, workload, and ergonomic conditions interact nonlinearly and mutually reinforce each
other's effects. Long working hours, shift wprknd suboptimal working conditions lead to the deterioration of
psychophysiological condition, which is directly associated with increased reaction time and a higher probability of
errors. Ergonomic factors, such as prolonged sitting and vibration, fawawdative impact on health and indirectly
affect safety through the deterioration of cognitive functidrige study reveals that effective safety management
requires an integrated approach encompassing work organization, ergonomics, and monitoring of psychophysiological
condition. A transition from a fragmented to a systemic and-di@wtan model is proposednabling reatime
identification of risks and optimization of working conditions. The findings have practical implications for transport
companies and policymakers seeking to improve traffic safety and work efficiency.
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ANALYSI S AND DESI GN OF MI CROPROCESSOR WORKBENCH
EDUCATI ONAL PURPOSES

Saulius Paukgt a
Vil nius Gedi minas Techni cal Uni ver :

Abstract
Thi s ar tgvcalrd oaunsa Imj scea rokplr eorccels stwotrameéatde c tf-loe & sreilfg or |

purpas@spragdpddeexingn suitable for [|Aelatrongi ent4gh etriofmpeit ent a
architectauceev @dressd glmadsed on their simplicity, instruct
other relevant features. A proposed solartdtblint lbg meate isd
is presented, which encompasses design philosophies d

Key wdlide¢s oprocessor, wor kbenshhematmpater, architec

I ntroducti on

The Vilnius Gediminas Technical Uniovemtstahteys C
subjects related to the dCovnepl uotpemre nEn goifrnddde)ir £ @ s 0
wor kbenches based on conventional microprocessor

of devel opi-migt amicaurs® pene eBd s £ r all t. h 0 u2g0hl 6d i sbcaussesdi n ¢
approach to understanding computer organizati ol
complexity of the subjpactedi 1 eiamali ndje s brudltapu reelsyo inic
et alal,s®20m@&ke the claim that with the rise of ¢«
of this subject is Examhinnggewemwisderclsall leengiomg .
fundament al to properly wunderstanding them. Thu
architecture of how a workbench itsuitlitclfeorf ilrashtorca
already devel oped devices based on their simplic
and ot her rel evant featur es. Then, a functional
i nt r oadnudc eddi scussed.

Anal ogous device overview
YouTuber 3D Sage -dsehsoiwgcnaesde sc oampcuutsetrom consi st i ng

and RAMade My Own Comput efYo|u Tebted sl .hFe ec | Hhotvk mets eV
I C along with a configurabil2dd BRI c«ilrocki toutt@uhav &
the timer allows the c¢clock signal to be hablted v
bit binary counter whichatbopkRAGDB M@ BMOQ3tRIi B ORKAFM a
modul e (ias thoesdyh only 16 words are accessible) wh
4 MSB are used for operands and theTdbl)&B are us
Tabl e

Il nstruction set of 3D Sage comput e
Operation code I nstruction explanation
0111 Halt cl ock
1011 Reset program counter
1101 Jump to operand address
1110 Controller input
1111 Do nothing

SourlceMade My Own ComputerYouT Tuebnedsd . See How It

This RAM module can be programmed using 8 swi
along with the clodckbenabhe mead RCBteonhpuhs (he
ithe program counter <circuit, while the blue PCE
for i mmediate addressing.

157



Fi 43D Sage computer
SourlceMade My Own Comput erYoguTuehnedsl See How It

Additionally, 3D SagédapBadehtEd 3nae xwaxy msavriatiyo hd |

nal nput to contr ol t he bED maotumidx azrcdrai

cont Eng®WNh(l e this system is simple t o -buind eorpsetraann
t Use casiensoturtusciadipond eorfr adicmenbheat yur e.

Fig3x5 LED matrix and control i nput (1l eft)
SourlceMade My Own ComputerYouTuebnedsl. See How It

Ben Eater pI(eMeelnvtisnoa SSAPBr ownar cRiO@B®BcLOETA® mppt
UpdaYoceu T,u bnemidc.r)opr ocessor with the addiBteinomkadfercgol
The designed system is made up of various 74HC ¢
family. The computer has a programma-bkeel neveuvet
the system schefmiag.i cRAMDN dLeprsegernammabl e via a qu
an octa switch to set the memory contents itself
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Sheet: Program counter

Sheet: MAR
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Sheet: A register
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1 Sheet: ALU
A0
CAL
DA
3US DAk
hd DA
o ¢DCLE A
——CLR A
File egist C o =
L 5 )—
. SUG—
FIg—
DR
DRO Lk
: e
2 d >CL
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T Sheet: B register Pet
[ 0 B DB_0
ol DB_1
SB_2
B3
*| | >B_ 4
DB_S
DB_6
L S o>B_7
al h
Pl
;-
*

| logic

t: Contro
T

GND

FigBen Eater 6s-l esmpusehemaghc
SourBae:l dBiath Bomput er n|. dBen Eater

Due to -bsing4dbbStt6bionater and 4 MSB for the op

the operands, 16 memory | ocat-hiomswicde. bAddidtdir ersa
gener al puromes eo fr emhiisctheriss only used Bar oat puhbme
addressing, i nstruthe ooperaatdi ofnl ago deesgi sdrer be coc
EEPROMS using &rEPROM ipmolghd4umambat (are i mpl ement ed
a control word according to set flags and curren

I n a system, the-maper altuieon oc dadesn oann ybe n

such
the EEPROM, thus making the system quite confi
addressing exist
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Fi 4 Ar dudiansnoed EEPROM programmer schemat
1

SowrEat er, 2017/ 2026
While this architecture offers an i mprovement
itself i s questionable due to the design being
addition to tfall sotbeatsocah astnotduaecounti ngl
at can produce wrong

can produce |l tage drops and noi se, andsin®t orco
|l eading to further potenti al noi se.
Ajdari & Tabeanmodhesht,r a2t0el @ he design and deci sion

pi

when switching addresses th
VO
u

and software for a computer system used-Reohahes
Processor (ARC) architecture to devetleypyed, campu
addressing. I n addition to having multiple vario
register and flag contents via a constantly runn
itsel mpl Bhe csygstem andFmgnitor can be seen in

Fi 9ARC computer i¢bpft dir eaghiestteera ¢dAbUdgcdsbnectico

decodext eenal memory | O ports, and monitor
SourAgedari & Tabandeh, 2016
While the microprocessor does feature an i nc|

h features as a subroutine calls
oo comphdkn§oohhrobmpduoeuoery Wwbpndeo
ity reduces the variety of tasks

can be deemed

introducing suc
t
out put variabil
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