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MELANCHOLIJOS ATSPINDZIAI DAILEJE

Rasa Valujaviciené

Vilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, LT-10303 Vilnius

Anotacija: straipsnyje pristatoma melancholijos samprata, ieSkoma jos sgsajy su menu, atskleidZiami dazniausi melan-
cholijos vizualizavimo atvejai, jprasti $ios temos raiskos dailéje sprendimai ir naudojama ikonografija. Melancholijos feno-
meno sklaida dailéje analizuojama nuo seniausiy laiky iki $iy dieny, siekiant paaiskinti vaizdavimo poky¢ius nulémusias

aplinkybes ir priezastis.

Pagrindinés savokos: melancholija, temperamentas, Saturnas, religiné melancholija (atsiskyrélis $ventasis), moksliné
melancholija (melancholi$kas mokslininkas), menininko melancholija, kiirybinis genijus, meilés melancholija, melancholi-

jos simboliai ir atributai.

Ivadas

Temos aktualumas. ,Néra nieko saldesnio,... néra
nieko labiau prakeikto,... néra nieko liidnesnio nei
melancholija“, — ra$é melancholijos tyrinétojas Ro-
bert Burton (1577-1640) [17]. Siandien $is terminas
aiskinamas kaip psichologiné buklé, artima depresi-
jai ar bipoliniam sutrikimui. Anksc¢iau melancholija
ne kartg traktuota kaip fiziné liga, kurios baimintasi,
kaip $iandien vézio ar Sirdies ligy. Prie§ Svietimo epo-
cha melancholija tapatinta su daugybe nebuty dalyky,
tarp jy cholera, sifiliu, raganavimu ar net zudymu. Ma-
nyta, kad nusikaltéliai ir sociopatai pasiduodavo Satur-
no jtakai. Tikéta, jog melancholija kamavo aristokra-
tus, intelektualus, atsiskyrélius, Sventuosius ir kiréjus
[4], tad nenuostabu, jog tokia buklé ne kartg vaizduota
jvairiuose menuose: literatiiroje (pvz., Williamo Sha-
kespeare ir Jonathano Swifto kiriniai), muzikoje (pvz.,
E. Chopino, C. Debussy muzika), kinematografijo-
je (Larso von Triero ,,Melancholija (2011) - bene sé-
kmingiausias $ios srities pavyzdys) ir, be abejonés, dai-
léje. 2005 m. Paryziuje ir Berlyne jvykusiose parodose
»Melancholija: genialumas ir beprotybé“ (,,Mélancolie:
Génie et folie en Occident®) eksponuota apie 300 kii-
riniy, kuriuose pasakojama daugialypé melancholijos
istorija nuo antikos iki $iy dieny.

Kaip reigkinys melancholija ne kartg analizuota fi-
losofijos tekstuose, psichologijos $altiniuose, sudaryta
net melancholijos abécélé, taciau jos vaizdiné raiska
pradéta tyrinéti tik XX a. antrojoje puséje — 1964 m.
nuodugnig studija ,Saturn and melancholy: studies in
the history of natural philosophy, religion and art® pa-
rengeé R. Klibansky, E. Panofsky ir F. Saxl (metais anks-
c¢iau isleista Rudolfo ir Margot Wittkower ,,Born Under
Saturn: The Character and Conduct of Artists®, 1963).
Michael Ann Holly knygoje ,, The Melancholy Art®
(2013) analizuojama unikali jungtis tarp melancholijos
ir meno istoriko profesijos. Laurindos S. Dixon veikale
»The Dark Side of Genius: The Melancholic Persona
in Art, 1500-1700“ (2013) atskleidziami trys melan-
choliskos asmenybés mene vyriski archetipai (atsisky-
rélio, jsimyléjélio, mokslininko), jie papildyti ketvirta
tema — menininko portretu. Pastaruoju metu daugéja
specializuoty studijy - daugybéje straipsniy gvildena-

mas 500 mety skaiciuojancios Albrechto Diirerio gra-
viaros ,Melencolia I“ (1514) rebusas, aprasomi kity
autoriy darbai, melancholijos vizualiniai sprendimai,
simbolika, atributai ir kt. Si tema analizuojama moksli-
niy konferencijy ir diskusijy metu. Visa tai byloja, kad
tema nepraranda aktualumo - socialiniy tinkly klesté-
jimo ir komunikavimo ekstazés laikais, kai Zmogus vis
dazniau pasijunta atskirtj ir vieniSumas neretai jj pa-
stimeéja j melancholijos glébj, akylas menininko zvilgs-
nis §j vaizdinj uzfiksuoja ir jis vél atgaivinamas meno
kariniuose, taip atiduodant duokle $iandien vie$patau-
janciai vaizdy kultarai.

Straipsnyje analizuojami keli probleminiai klau-
simai: kaip melancholija susijusi su menu, kokia jos
svarba meninés kultaros raidai, kaip dazniausiai vizu-
alizuojama melancholija, kas lémé tokj ilgalaikj $ios te-
mos gyvavima?

Tyrimo objektai:

» melancholijos sgsajos su menu,

« melancholijos vaizdavimo formos ir ikonografija,
o temos populiarumo priezastys.

Straipsnio tikslas - atskleisti melancholijos vaizda-
vimo Vakary Europos dailéje tradicija ir jos perteiki-
mo ypatumus.

Uzdaviniai:

1. Atskleisti melancholijos sampratg, apzvelgti jos sa-
sajas su menu.

2. I8analizuoti melancholijos ikonografija.

3. Atskleisti melancholijos vaizdavimo raidg ir prie-
zastis Vakary Europos dailéje.

Tyrimo metodai: dokumenty turinio analizé, lygina-
moji analizé, ikonografinis ir sociokultirinis metodai.

1. Melancholijos samprata ir sasajos su menu

Filosofas Arvydas Sliogeris apraso melancholijos
buisena, kaip intensyviausias betarpiSkumo akimirkas,
kurios perduoda tai, kas niekada ir niekaip nekomu-
nikuojama. Pasak jo, ,melancholija yra amzinojo tra-
pumo supratimas ir zinojimas, kad viskas vyksta ir esti
tik akimirkoje, ¢ia-dabarties blyksniais i$marginancio-
je beprade Niekio tamsg ir leidziancioje patirti be galo
trumpa, taciau zérincia Transcendencijos tyla“ [14].
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Pirmasis melancholijos apibrézimas, kaip ir rysio su
genialumu aidkinimas, yra medicininés kilmés. Zodis
»melancholija“ kiles i§ gr. melancholia < melas (kilm.
melanos) - juodas + chole - tulzis, lot. ,,lugere” - lindéti,
gedeéti. Melancholija yra viena i§ keturiy temperamen-
ty, Zyminciy 4 skyscius' — senovés medicinoje tikéta,
jog visos ligos kyla i$ vieno jy disbalanso (jei kuris nors
pradeda vyrauti). Jau Senovés Egipto Zyniai IV ttkst. pr.
Kr. gydé Zmones, kurie buvo apimti patologinés liidesio
busenos [20]. Pasak Hipokrato, melancholijg sukeldavo
juodosios tulzies perteklius, ji sieta su Zeme i$ 4 elemen-
ty, $vinu, su rudeniu, vakaru kaip paros metu, astrologi-
joje ji pavaldi Saturno jtakai’. 1621 m. R. Burton aprasé
pirmajj Sio fenomeno sisteminj tyrima veikale ,,Melan-
cholijos anatomija“ (zr. 1 pav.). XIX a. melancholija
traktuota kaip fiziné arba dvasiné. 1915 m. Sigmund
Freud parasé veikalg ,,Gedulas ir melancholija®, kuria-
me melancholija aiskinama kaip depresijos atitikmuo
(XIX a. terminas ,depresija“ pakeité daugiau nei 2000
mety vartota terming ,,melancholija“).

Siandien melancholija vertinama kitaip — kaip psi-
chologiné Zmogaus biisena, neprarandanti ,kitonis-
kumo* atspalvio. Svedy profesorés Karin Johannison,
nuo 1996 m. dirbancios Upsalos universitete, studijos
»Melancholijos erdvés“ (2009) autorés, teigimu, me-
lancholija yra priesybé tam, ko tikimés i§ modernaus
ego: stiprumui ir sveikatai, kontrolei ir entuziazmui,
gyvenimui ¢ia ir dabar [15].

Melancholija ir jvairios jos apraiSkos nuolat buvo su-
vokiamos kaip dvilypés: ,,viena vertus, jos buvo siejamos
su tamsa bei susvetiméjimu, kita vertus, su jzvalgumu
bei kultiniu statusu. <...> kai kurios jos ypatybés laikytos
dovana (ekstazé ir jzvalga), kitos — nuodémémis (nuo-
bodis ir abejingumas), beprotybe arba pesimizmu® [8].
V-1V a. pr. Kr. melancholija buvo apraSoma kaip tam
tikra liga, kuriai budingi fiziniai ir dvasiniai simptomai.
Graikai tikéjo, kad melancholija buvo tulzis kiine, galin-
ti sukelti neviltj ir depresijg. Tokia biisena buvo budin-
ga to meto poetams ir dailininkams, kartais ji vadinta
tam tikra beprotybés atmaina. Mitiniai herojai, tokie
kaip Heraklis, garséjo melancholiskumu, i$provokuo-
janciu beprotybe (teigta, jog epilepsija — herakliska liga)
[20]. Melancholikai buvo filosofai Empedoklis, Sokratas
ir Platonas. Aristotelis teigé, jog visi melancholikai yra
genijai. Jo manymu, jie jautrts ir inteligentiski (Proble-
mata, XXX, I) [15]. Traktate ,,Apie atmintj“ Aristotelis

1 Skysciai ($viesi tulZis, juoda tulZis, skrepliai ir kraujas) sieti su 4 ele-
mentais — ugnimi, Zeme, vandeniu ir oru.

2 Saturnas vertintas ne tik kaip laiko dievybé (gr. Kronos), bet ir kaip
apmastymy simbolis. Jis sietas su tekancios saulés, saulélydzio, neretai
ir nakties vaizdiniais, todél jam artimos ir nidrumo, abejoniy, gedulo
psichologinés busenos (dailéje joms net sukurta charakteringy padéciy
simbolika — nulenkta ant ranky galva arba ranka paremta galva), kita
vertus, nesvetimos ir karybinés potencijos busenos — susimasc¢iusios
kontempliacijos, refleksijos, susikaupusio jsiziaréjimo j buties gelmes
(Zr. 2 pav.). XVI-XVII a. i§ antikos mity Saturnas perkeltas j drobes ir
graviuras kiek netradiciniame kontekste. Tikéta, jog dailininkams, filo-
sofams ir teologams jtakg daré Saturnas [18].

3 Tikslus veikalo pavadinimas - ,The anatomy of melancholy, what it is,
with all the kinds, causes, symptdmes, prognostics and several cures of
it“[10].

1 pav. Robert Burton knygos ,,The Anatomy of Melancholy*
virselis (1621)

uzsimena, kad melancholikai gali regéti jsivaizduojamus
paveikslus, kuriy véliau nesugeba prisiminti, juose slypi
visi temperamentai [21].

Viduramziais Kataliky Baznycia nubrézé paraleles
tarp melancholijos ir Adomo pirmosios nuodémés Ro-
jaus sode, todél melancholikai buvo traktuojami kaip
lengvas grobis velniui ir jo palydovams [12]. Viduram-
ziais dar buvo atpazjstama antikiné tradicija gretinti me-
lancholijg ir kirybg, véliau vis daznesnis negatyvus me-
lancholijos vertinimas ($ventyjy tévy mokymuose tarp
mirting nuodémiy paprastai minétas ir niarumas, XVII
a. pakeistas tinginyste) [18]. Su melancholija buvo glau-
dziai susijusi apatija, aiskiai apibrézta kaip nesvarios s3-
zinés maistas, bailumas, abejingumas ar beviltiskumas.
Apatija netgi jtraukta j viduramziska simboling¢ vaizduo-
te — jos personifikacijos randamos katedry vitrazuose.
Vienintelis vaistas nuo $ios bausmés buvo fizinis darbas,
malda, dvasiné veikla [12]. Nepaisant to, viduramziy
pabaigoje svarbiausia buvo melancholija. Menotyrinin-
ko Johano Huizinga (1872-1945) teigimu, ,,balsy, skel-
bianciy drasy gyvenimo dziaugsmg ir pasitikéjima savo
jégomis imtis didziy darby, kurie skamba per visg Re-
nesanso ir Svietimo epochos istorija, penkioliktojo $im-
tmecio Prancizijos ir Burgundijos sferoje beveik negir-
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ety eilése. Mokslininkai ir menininkai netgi burdavosi j
»melancholijos klubus® [10]. Pamazu viduramziai suliejo
melancholijos filosofinj, religinj ir medicininj supratimg
ir siejo tokig biiseng su dieviskuoju iSbandymu [12].
Renesanso laikotarpiu melancholijos vertinimas
pakito, melancholija jgijo filosofinj ir estetinj atspalvj.
Skirti trys melancholijos tipai: pirmasis — melancho-
lia imaginativa — zmonés, kuriems budinga turtinga
vaizduoté (dailininkai, poetai, amatininkai); antra-
sis — Zzmonés, kuriy mastymas svarbesnis nei jausmai
(mokslininkai, valstybés veikéjai); treciasis — zmonés,
kuriems svarbiausia intuicija (filosofai ir teologai).
Menininkams budingas pirmasis tipas. Tai matyti A.
Diirerio graviaroje ,Melencolia I“ (Zr. 3 pav.), kuriag
kopijavo daugybé dailininky, taciau né vienas iki galo
nesuvokeé jos sudétingumo® [11, p. 262]. Raizinyje ji
vaizduojama kaip giliai susimasciusi dievybé, sparnuo-
ta ir galinga, ta¢iau negali jsiskverbti j regimus pasaulio
reigkinius ir pazinti Visatos paslapciy [20]. Manyta, jog
menininkai ypa¢ linke j melancholijg dél karybos pri-
gimties (ji suteikdavo jautrumo ir veikdavo fantazijg).
Filosofas Marsilio Ficino (1433-1499) netgi pataré ies-
koti melancholijos ir ,,ugdyti ja geriausiu badu® [17].
Tuo metu pavadinti dailininkg melancholiku reigke
priskirti ji genijams. Giorgio Vasari (1511-1574) §j
zodj vartojo jvardydamas ypac vertinamus meninin-
kus. Pvz., jo manymu, Michelangelg lydi melancho-
lijos Zvaigzdé. Pats dailininkas 74-ame savo sonete
radé: ,Melancholija - mano dziaugsmas®. Akivaizdu,
dailininkams ir poetams buvo gerai zinoma karybiné
atskirtis ir tik jiems ji buvo leistina — melancholijos ap-
imti paprasti Zmonés buty buve vertinami kitaip [17].
XVII a. kultariné melancholijos interpretacija, atgi-
musi pasaulietiniuose Anglijos ir Siaurés Europos uni-
versitetuose, buvo tarptautinio pobudzio I$ ten ji isplito
i populiarias sferas, pvz., literatarinius tekstus. Minéta-
me R. Burtono* veikale melancholijos reiskinys, anali-
zuojamas nuo paciy seniausiy laiky, skleidé melancho-
lijos madg poezijoje, muzikoje ir kituose menuose. Sie
gausiis melancholijos vaizdiniai atspindéjo visuomenés
samprotavimy evoliucija nuo viduramziy mastysenos
iki modernaus poziario [3]. Melancholija dométasi ke-
lis deSimtmecius, véliau ji prisiminta Johanno Wolfgan-
go von Goethe (1749-1832) karinyje ,,Jaunojo Verterio
kancios® [21]. Intelektuali melancholija dazna to meto
portretuose — portretuojamasis piesiamas kaip jsimylé-
jélis su skrybéle ir sukryziuotomis rankomis ant krati-
nés arba kaip sédintis mastytojas, parémes galva ranka
[13]. XVIII a. lindéti ir nuobodziauti tampa madinga.
Ypa¢ populiari buvo liidnas mintis skleidZianti Edwar-
do Youngo poema ,,Night-Thoughts“ (1742-1745), is-
versta j keletg kalby ir padariusi jtakg romantizmo atsto-
vams [20]. I. Kantui (1724-1804) susiejus melancholija
su groziu ir didingumu, prasidéjo romantiné melancho-
lijos era — XIX a. pr. romantikai nejsivaizduojami be pa-

4 Pats R. Burton buvo melancholikas ir vadino save Democritu Jau-
nesniuoju. Ant jo antkapio uzradytos paties sukurtos eilés: ,,Zinomas
nedaugeliui ir daugeliui neZinomas, ¢ia ilsisi Democritus Jaunesnysis,
kuris gyvenimg ir mirtj paskyré melancholijai“ [17].
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2 pav. Zacharias Dolendo (sekant Jacques de Gheyn II) ,Saturnas
kaip Melancholija“ (1595)

3 pav. Albrecht Diirer ,Melencolia I (1514)
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saulinio lididesio pojucio [12]. Tai, kas kazkada vadinta
nuodéme, i§ pradziy pavirto liga, o véliau lyrine emoci-
ja, tapusia jkvépimo Saltiniu daugeliui literaty [20], pos-
timpresionizmo ir simbolizmo tapytojy. Pasak meno
istoriko Fredericko Cummingso (1933-1990), naujojo
amziaus melancholijos pavyzdys buvo filosofas Jean-Ja-
cques Rousseau (1712-1778) - jj visiskai atstimé visuo-
mene¢ ir pripazino kaip kuping blogio. Tokiais pat laikyti
poetai Alfred Tennyson (1809-1892), Charles Baudelai-
re (1821-1867)° ir Gustave Flaubert (1821-1880), dai-
lininkai Odilon Redon (1840-1916), Edvard Munch
(1863-1944) ir Vincent van Gogh (1853-1890). Naujyju
laiky melancholikas buvo apimtas nepasitikéjimo savi-
mi, besiribojancio su paranoja. Renesansinj A. Diirerio
kiarybingg sparnuotg genijy pakeité nerami zmonijos
paradigma [9].

XX a. daugumos modernizmo kiréjy (P. Picasso,
ekspresionisty, Paryziaus mokyklos, metafiziky, siur-
realisty ir kt.) darbuose vienatvé, litidesys, atskirtis,
susimastymas — jprastos biisenos. Menui abstraktéjant
melancholija pamazu prarado atpazjstamus pavidalus.
Dabar apie jg bylojo pasirinktos spalvos, jy santykiai,
iSblaskyti potépiai, konceptualis sprendimai. Melan-
cholija tapo neatpazjstama, jos kontarai i$bluko ir ne-
beliko apatisko zvilgsnio - jj pakeité intuityvus pojtis,
kad ji visada $alia, tarsi bty privaloma XXI a.

2. Melancholija dailés kairiniuose

Mene melancholija vaizduota jvairiai, pamazu issi-
rutuliojo jos vizualizavimo tradicija. I$ pradziy niekaip
nepavyko konceptualizuoti melancholijos idéjos pertei-
kimo, véliau bandyta sukonkretinti, suteikti objektyvia
raiska. Spéjama, kad melancholija pirmg kartg pavaiz-
duota 3000 m. pr. Kr., tai — faraono Narmero alebastri-
nis paviano pavidalo antspaudas — padaras zvelgia j er-
dve neapsakomai abejingai (zr. 4 pav.). Toks zvilgsnis
ir vienos seniausiy melancholisko tipo Zzmogaus skulp-
taros, sukurtos Augusto laikais (63 m. pr. Kr. - 14) ir
vaizduojancios herojy Ajaksg. Jo zvilgsnis be iSraiskos,
nukreiptas j tustuma, galiinas tarsi zvelgia j nebutj [5],
o archetipiné, ranka paremtos galvos padétis tapo ti-
piska melancholijos poza. Panasiai perteiktas ir Euripi-
do Orestas senovés graiky raudonfigiiréje vazoje (400
m. pr. Kr,, zr. 5 pav.); melancholija dvelkia ir antikiniy
laidojimo stely reljefuose uzfiksuotos galvg ranka paré-
musios susimgsc¢iusios moterys. Taip senieji menininkai
pradéjo melancholijos vizualizavimo tradicija, taciau
priesakyje karéjy laukeé dar ilgas jtikinamo $ios bsenos
perteikimo paiesky kelias. Melancholija neretai vaiz-
duota su sparnais, prie jos kojy jsitaises $uo (siejamas
su Saturnu), kartais ji sédi uz stalo, panarinusi galva (Se-
bald Beham ,,Melancholija“, 1539), - poza, rodanti nusi-
vylima, kilusj dél negebéjimo uzvaldyti i$mintj ar Zinias,

5 Charle Baudelaire vadintas melancholijos bardu, jis pasmerké dZiaugs-
ma kaip vulgary grozio ornamentg ir padaré melancholijg savo garsigja
kompanione [12].

arba dél prarasto kiirybinio jkvépimo; kartais ji panasi
Gailestingumo alegorija, apsupta vaiky (Giovanni Belli-
ni ,,Fortana (arba Melancholija)®, 1490; Lucas Cranach
Vyresnysis ,,Melancholija®, 1532, zr. 6 pav.) — greiciau-
siai tai mito apie Saturng, ryjantj savo vaikus, atspindys.
Melancholija meno kiriniuose daznai padeda identi-
fikuoti tam tikri atributai: ji gali bati tarp knygy, $alia
padéta kaukolé, bylojanti apie pastangy menkuma, pi-
nigy kapselis, kaip uzuomina apie godumg (siejama su
melancholija), jvairts jrankiai (skriestuvas, kampainis,
liniuoté - Saturno globojamos geometrijos atributai) ir
staliaus instrumentai (staliai buvo laikomi Saturno vai-

5 pav. Euripido Orestas senovés graiky raudonfigaréje vazoje
(400 m. pr. Kr.)
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kais) - pjuklas, oblius ir kt. [19] Netoliese gali skrieti

$iksnosparnis ar peléda (nakties padarai).

Meno istorijos profesoré Laurinda Dixon (g. 1948)
pabandé identifikuoti dazniausig XVI-XVII a. mene
melancholiskos asmenybés vizualizacija:

« knygoje ,,Perilous Chastity“ (1995) ji aprasé melan-
choliskos moters tipazus dailéje — jsimyléjusias ir
daznai besilaukiancias mergeles (neretai vaizduotas
komiskai arba erotiskai), alegorines figtras;

o leidinyje ,The Dark Side of Genius. The Melancho-
lic Persona in Art, ca. 1500-1700“ (2013) i$skyré
$iuos vyriskos melancholiskos asmenybés tipus,
populiarius aptariamo laikotarpio mene: atsiskyrélj
(paslaptingas pamaldumas), jsimyléjélj (paslaptinga
aistra), mokslininkg (paslaptinga i$mintis) ir meni-
ninkg (paslaptinga profesija). Taip pat autoré nepa-
mirso ir Saturno melancholiskos aplinkos bei vyno,
motery ir dainy sukeltos melancholijos [3].
Krikscionybé iskélé pamaldaus ir melancholis-

ko $ventojo vaizdinj sekdama Aristoteliu, susiejusiu

karybinj genijy ir pranasyste su enthousiastikon bu-
sena (apsédimu ir jkvépimu). Viduramziais melan-
choliskos savybés ir intelektas taip pat asocijavosi su
ypatingu pamaldumu. Pvz., dainy ir poezijos knygoje
»Codex Manesse® (1304-1340) tarp 137 miniatiGrose
uzfiksuoty poety portrety aptiksime ir melancholiskai
susimasciusj jaunuolj - Walther von der Vogelweide
rymo ties tus¢ia pergamento juosta. Vis délto krikscio-
niska moralé juodosios tulZies vyravimui kane taip pat
priskyré gobsumo, tinginystés ir liddesio nuodémes,
tai paai$kina melancholikui badingus fizinés apatijos,
mizantropijos ir dvasinés depresijos bruozus [3]. Visa
tai dazniausiai galima atrasti medicininiy teksty knygy
ar gamtos manuskripty piesiniuose, kuriuose vaizduo-
ti temperamentai: melancholiko temperamento figtra
jkanija jam priskiriamas savybes arba melancholikas
piesiamas kaip pagyvenes liidnas $ykstuolis (zr. 7 pav.)

[6]. Jo bruozai gali buti suteikti ir litdesio apimtiems

susimgscéiusiems padarams (pvz., bezdzionei arba kati-

nui) to meto iliuminacijose.

Renesanse placiai paplito intelektualo kultas, pir-
miausia jkanytas Sv. Jeronimo® (321-420) paveiksle.
Tai rodo augantj humanisty susizavéjima melancholija
[3]. Sv. Jeronimas, pasirinkes vienatve, i$bandytas Die-
vo ir apdovanotas dieviskuoju talentu, yra pamaldaus
entuziazmo ar religinés melancholijos jsikiinijimas. Jo
gyvenimo aplinkybés perteikia daugybe melancholis-
ky atributy, kurie tinka ir renesanso melancholiskai
asmenybei. Jaunystéje jis buvo mokslininkas, tac¢iau
sunki liga paskatino pasitraukti j dykumag, jis atgailavo
visigkai vienas, draugijg palaiké tik istikimas liatas. Grj-
zes | aktyvy pasaulj, $ventasis paskyré savo gyvenimg
Baznycios tarnystei — studijavo, mokeé ir rasé, garséda-
mas ne tik savo §ventumu, bet ir mokslumu. Italijos ir
Siaurés Europos menininkai daZniausiai Sv. Jeronima

6 Sv. Jeronimas (apie 340-420) — kriki¢ioniy rasytojas, vienas i§ keturiy
Vakary Bazny¢ios tévy. Jo lotyniska Biblijos vertima (Vulgata) Kataliky
Bazny¢ia buvo priémusi kaip oficialy Sventojo rasto tekstg.

7 pav. Keturi temperamentai (melancholikas desinéje). XV a.

vaizdavo dviem budais (ikonografiniy vaizdavimo siu-
zety buta daug daugiau): 1) kaip vienisa atsiskyreélj dy-
kumoje, apsupta laukiniy gyviny, arba dauzantj save
akmeniu’ (pvz., Jan Sanders Van Hemessen ,,Sv. Jero-
nimas®, 1543); 2) kaip susimas¢iusj mokslininkg, ap-
sigaubusj erudicijos rabu. XV a. viduryje sukuriamas
Jeronimo, kaip atsiskyrélio mokslininko studijoje, pa-
veikslas, pvz., Jano van Eycko ,Sv. Jeronimas savo stu-
dijoje“ (1441). Vélesniais amziais jo pamaldumas susi-
liejo su pasaulietiniu aristotelisko mokslininko motyvu
[2]. Menininkai pamégo Sv. Jeronimo tema, j3 rinkosi
ne karta (pvz., A. Diirer vaizdavo Jeronimg maziausiai
penkiolika karty (zr. 8 pav.). Pamaldaus atsiskyrélio
tema susidiméta kontrreformacijos amziuje®, kai teo-
logai pradéjo propaguoti ankstyvyjy Baznycios tévy
deklaruoto griezto asketizmo sugrjzima. XVI-XVII a.
tradicing Saturno ikonografijg ir i$ viduramziy paveldé-
ta melancholija papildé naujy moksliniy teorijy uzuo-
minos. Pvz., tuo metu atsiradus teorijai, apibrézianciai
melancholija kaip proto infekcijg, jos atspindziy galima
surasti 1521 m. A. Diirerio paveiksle ,Sv. Jeronimas®.
Po jo kare dailininkai improvizavo $ia tema, derinda-
mi fizionomikg ir anatominius melancholijos bruozus
su aliuzijomis j Saturng. XVII a. atsiskyréliy paveikslus
papildé Sv. Jeronimo studijos atributai - knygos, smélio
laikrodZiai, skriestuvai, kaukoleés ir kt. [3]

7 Atsiskyrélis Jeronimas patyré daug regéjimy, Zadinanciy aistras ir geis-
mus, jy atsikratydavo dauzydamasis kratine.

8 Be Sv. Jeronimo kaip atsiskyréliai vaizduoti ir kiti §ventieji ~Jonas
Krikstytojas ir Antanas.
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Atskira tema mene - meilés melancholija. XVI-
XVII a. prie§ingai dabartiniams romantiskos meilés
aiSkinimams kaip idiliskai buisenai, lytinis potraukis
buvo siejamas su liga, kurig reikia gydyti. Manyta, kad
meilés fizinius ir dvasinius simptomus i$provokuoja
erotinio ilgesio jkurti lauzai. To meto angly miniatitiry
portrety melancholigki jsimyléjéliai atrodo tarsi pertei-
kiantys nepaprasta kancig, lyg mégautysi savo kentéji-
mu. Elegantiski, bet nelaimingi angly dvary kultaros
jsimyléjéliai vaizduoti kaip jautrts ir giliaminciai vyrai,
»dévintys® savo aistra kaip privilegijos simbolj. Portre-
tuose uzfiksuoty motery drasis viliojantys Zvilgsniai
meta i8$0kj motery padoraus elgesio taisykléms (pvz.,
Nicholas Hilliard miniatiiiros, zr. 9, 10 pav.). Sj ner-
vingg emocinj intensyvuma gali paaiskinti miniatitry
paskirtis: jos buvo skirtos ne visiems, o tik mylimojo
akims, t. y. privaciai kontempliacijai. Tokie portretai
turéjo atgaivinti aistrg ir jsivaizduojama sgjunga, jie
skirti gundymui ir radosi kaip sgsajy su melancholija
rezultatas [3; 16].

Moksliné melancholija. Populiari vieni$y mastytojy,
apsirengusiy akademiniais drabuziais ir dirbanciy tarp
knyguy, tema yra tarsi atsiskyréliy, mastanciy niariame
urve, temos tasa. Sv. Jeronimo studijos prietaisai uzpil-
dé tiek subrendusiy mokslininky, tiek jauny studenty
aplinkg, taip uztikrindami melancholiskg kontekstg ir
vieniems, ir kitiems. Vaizduodami mokslininko aplinka
tapytojai naudojo ribota spalvy schemg — perdéta tamsa
simbolizavo Saturno amzing naktj. Studentai ir iSminciai
tapyti tamsiais veidais ir miglotais Zvilgsniais, tarsi jie vil-
keéty jprastus melancholijos drabuzius (taip perteikiama
ieskojimy jtampa). Retkarciais jie ilsina savo pavargusias

8 pav. Albrecht Diirer ,,Sv. Jeronimas savo studijoje“ (1514)

10 pav. Nicholas Hilliard ,,Jauno vyro portretas“ (1588)

galvas, pasiréme ranka ar pagulde galvas ant sukryziuoty
ranky. Kartais mokslininky scenose kaip subkontekstas
vaizduojami mizantropijos, apatijos ir godumo bruo-
zai, $itaip melancholija susiejama su tustybe. Tg jungtj
dar labiau sustiprina Leideno natiurmorty tradicija, kai
vaizduojama daugybé nutriususiy knygy, kaukoliy, laiko
skai¢iavimo prietaisy ir muzikiniy instrumenty. Sie kiri-
niai saviti saikingumu, daikty komponavimu ir nutapyti
daugiausia monochrominiais ochros ir rudos spalvos to-
nais - taip perteikiama Zemiska melancholijos karalys-
té, pvz., Domenico Fetti ,,Mokslininko portretas® (n.d.).
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Keletas XVII a. portrety praplecia tradicinés melancho-
lijos ikonografijos ribas: juose atsikratoma tradiciniy
materialiy simboliy (knygy, gaublio, smélio laikrodzio
ir pan.), pateikiama subtilesniy uZuominy apie psicholo-
gines melancholijos savybes. Poetai, filosofai ir mokslin-
¢iai iSsiblaske Zvelgia i§ giliy Seséliy (pvz., Pieter Codde
»Mokslininkas savo studijoje: melancholija®, 1630), jy
akis gali temdyti skrybéliy krastai. Si vizualiné gudrybé
tikslingai suzadina melancholiska vizijg [3].

Moterys, kaip instinkty, emocijy ir nestabilumo
jsikiinijimas, globojamos sangviniskos Veneros, buvo
svetimos esybés vyriskoje melancholisko genijaus sfe-
roje. Zanriniuose paveiksluose jos dazniausiai paze-
mintos iki naudingy tarnaiciy, gery kompanioniy,
erotisky stimuly ir graziy dekoratyviy objekty. Lyg
prabangus maistas, vertingi muzikiniai instrumentai
ar jmantras baldai, kurie supo melancholiskus moks-
lininkus, skaisc¢ios, patrauklios moterys tik sustiprin-
davo pasiturinc¢ios burzuazijos jvaizdj. Vedybiniuose
portretuose, kuriuose vaizduoti i$simoksline vyrai, jsi-
supe j melancholijos apdarus, $ios puikios Zmonos uz-
tikrindavo buting pusiausvyra esminei gerovei [4].

Menininko melancholijoje susiliejo atsiskyrélio
vieni$os kankinystés, aristokratiskos jsimyléjélio ais-
tros ir mokslininko mizantropinio intelekto vaizdiniai,
visa tai dazniausiai perteikta dailininko autoportrete.
Tokia menininko profesionali ir asmeniné identifika-
cija su melancholija iSgarsinta dar A. Diirerio: dailinin-
kas propagavo priklausomybe Saturno brolijai, piesda-
mas save, pasidavusj jos galiai’ (meninei melancholijai
galima priskirti ir jo ,,Melencolia I). PrieSingai tradi-
cijai vaizduoti save neutralia veido iSraiska, dabar me-
nininkai autoportretuose buvo susirauke, apsiblause
ir beviltiSkai blogos nuotaikos, i $esélio prikaustantys
ziarovo zvilgsnj, palaiminti ir prakeikti savojo genia-
lumo - jy portretai susieja prieStaringas melancholijos
savybes (pvz., Rembrandto autoportretas, 1628-1629).
Tokia melancholiska laikysena tarsi atsaké j visuome-
nés lakescius, kaip menininkas turi atrodyti ir kokius
socialinius vaidmenis jis atlieka. XVII a. mada pasialé
su melancholija siejamus kostiumus ir gestus, Zavesj
ir paslaptinguma. Daugelyje autoportrety dailininkai
save vaizdavo kaip i$simokslinusius dvariskius, dévin-
¢ius melancholi$ky ,,uniforma® - skrybéle, veltinio ap-
siaustg ar net akademiky kepures ir mantijas. Saturno
dvasinis tikas kurtas tikslinga $viesos ir $eséliy mani-
puliacija. Visi Europos dailininkai naudojo §ig vizua-
ling strategija autoportretuose: vaizduojamas pusiau
ap$viestas veidas, $esélio aptemdytos akys; $ig gudrybe
daZnai sustiprina niari aplinkos prieblanda [3].

Svarbiis to meto paveiksluose melancholijos pries-
nuodZiai- kaimiska aplinka, erotiné stimuliacija, sty-
giniy instrumenty muzika Jie vaizduoti menininky
studijose kaip talismanai, galintys jveikti privilegijuo-
tos aistros sukeliamus pavojus sveikatai. Sie brangiis
instrumentai (smuikai, liutnios ir klavesinai) buvo es-

9 I8 A. Diirerio autobiografijos zinoma, kad jis pats sirgo karybine
depresija.

miniai to meto kultaringo gyvenimo elementai, batini
dzentelmenui; tikéta, kad jy skleidziamas garsas padé-
davo nugaléti melancholija [3].

XVIII a. menininkai pamazu atsikraté maistin-
go mizantropi$ko genijaus koncepcijos, pasirinkda-
mi $velnaus bado dvariskj, lengvo biido ir mandagy,
neturintj tamsiy Saturno valdy spalvy. Tiesiog nauji
empiriniai faktai i$staimé melancholija aiskinancias
astrologija ir Zzmogaus kano skysciy teorijg. XVIII a.
pabaigoje, kai buvo ginama laisvé, lygybé ir brolybé,
isskirtinés melancholiskos asmenybés savybés nebebu-
vo madingos [4]. Vis délto melancholiskos nuotaikos
atspindziy galime surasti Jean-Antoine Watteau kari-
niuose, kuriuos vienija egzistencinis litidesys, ar Fran-
cisco de Goya amzininky portretuose (pvz., Don Gas-
par Melchor de Jovellanos portretas, 1798).

Romantizmo laikais melancholija meno kiriniuose
dazniausiai vaizduota kaip emocija, kuri randasi ramios
refleksijos kontekste — i$ gamtos didybés ir vieni$y asme-
ny santykio. Pvz., Casparo Davido Friedricho paveikslai
(»Keliautojas virs riko jaros®, 1818; ,Svajotojas®, 1840).
Jo kariniuose melancholija i§ dalies sutampa su didin-
gumu. Siy dviejy emocijy sandiira - susimastymas, kai
ramybeé, taiki kontempliacija sumysta su nerimu, kylan-
¢iu i$ baimés (didingumas) arba i$ ilgesio, praradimo
(melancholija). Melancholiskus jausmus i$gyvenanciy
asmeny galima atrasti ir Edwardo Muncho 1891-1899
m. paveiksluose bei gravitirose [1]. Impresionizmo $au-
kliai - tapytojai Camille Corot (1796-1875) ir Theodo-
re Rousseau (1812-1867) - iSrado nauja melancholijos
simbolizma: jie vaizdavo melancholiskos dvasios buise-
nas gamtos paveiksluose [12]. XIX a. pabaigoje depre-
sijai pakeitus melancholijg ir pripazinus ja dvasine liga,
melancholija prarado dalj savo paslaptingumo. Mene
pamazu j karybinés melancholijos erdve jsileistos mo-
terys: dabar fiksuojamas ne tik istorinis melancholiko
stereotipas — elitinio sluoksnio vyras, vis dazniau vizua-
lizuojamos ir melancholijos apimtos moterys, tik jy me-
lancholija tyli (ta lémé aplinkybés)".

Kaip XX-XXI a. pakito melancholijos tema? Jo k-
réjai pasitelké susimasciusio zmogaus, parémusio ran-
ka galva, vaizdinj - jis tiko ir vyry (pvz., Ron Mueck
»Didelis vyras“2000), ir motery melancholijai perteikti
(pvz., Edward Hopper ,,Niujorko kino teatras, 1939).
Vis délto buvo ir visiskai naujy kompoziciniy sprendi-
my, kai melancholija tampa abstrakcija (Marko Roth-
ko kiriniai) ar geometrine forma (Alberto Giacomet-
ti ,Kubas®, 1934), alter ego (pvz., Alessandro Sicioldr
»Melancholija“, 2015), pavirsta konceptualiu naikintu-
vu (Anselm Kiefer ,,Melancholija“, 1990-1991), nors
aliuzijy j praeities karinius taip ir neatsikratoma''.
Siandien melancholiskas asmuo i$lieka uzsisklendimo
jsikiinijimas, jis — atstumtas genijus, meistriskai atsa-
kantis j prievartg ir nuasmeninancias modernaus pa-
saulio jégas. Nepaisant pazangos, prislégto intelektualo

10 Zr. daugiau: Johannisson K. Melancholijos erdvés. Vilnius: Baltos
lankos, 2011, p.67-71

11 A. Kieferio naikintuvas ant de$iniojo sparno ,nes$a“ daugiakampe
geometrine figarg i§ A. Diirerio ,,Melencolia I
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metafori$kas jvaizdis egzistuoja daugiau kaip du tiks-
tantmecius lyg visuomenés baimes ir jtampas isryski-
nantis lakmuso popierius [4].

Isvados

1. Melancholijos tema aktuali, ji nei$semiama - ne-
paisant naujy tendencijy ir poky¢iy, mene prie jos
nuolat sugriztama. Grei¢iausiai tg lemia $ios biise-
nos paslaptingumas ir noras paaiskinti kiirybinj ge-
nijy.

2. Vizualizuojant melancholija dazniausia Saturno
tema, melancholija kaip temperamentg jkanijan-
ti figara, religiné atsiskyrélio ar $ventojo melan-
cholija, moksliniy ar meniniy apmastymy sukelta
melancholija, meilés melancholija, melancholiska
nuotaika, iSgyvenama ramiai refleksuojant gamtg ar
aplinka.

3. Vaizduojant melancholija dazniausiai naudojamos
stereotipinés schemos: atskirtis nuo gyvybingo pa-
saulio ir asmeninés erdvés sukarimas, vienisa figara
(dazniausiai sédinti), ranka paremta galva, susi-
mastes Zvilgsnis, tamsi spalvy gama, prislopintas
ap$vietimas, tam tikra simbolika ir atributai.
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MELANCHOLY’S REFLECTIONS IN ART
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Annotation. In article, the author describes melan-
choly’s meaning, searches its relations with art, analyses
most frequent melancholy’s visualisation cases, stand-
ing representation’s decisions of this topic in art and
usable iconography. Melancholy phenomena’s spread
in the art is analysing from ancient times to nowadays,
trying to explain its representation’s changes weight-
ed circumstances and reasons. Author uses some re-
search’s methods: of the content analysis, comparative
analysis, social-cultural method and iconographical
method.

Key words: melancholy, temperament, Saturn, re-
ligious melancholy (hermit-saint), scholastic melan-
choly (saturnine scholar), artist melancholy, creative
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Anotacija. Straipsnyje nagrinéjama jaunimo nuo 16 iki 24 m. amziaus jsidarbinimo problema Europos Sajungos $a-
lyse, lyginami Europos $aliy rodikliai, analizuojama jaunimo darbo rinkos situacija. Remiantis ES $aliy studijy programy
bei Erasmus+ programos duomenimis, nagrinéjamas studenty uzimtumo bei pasinaudojimo galimybe i$vykti studijuoti ar
dirbti j uzsienj tarpusavio rysys, ypatinga démesj skiriant technologijy ir inZinerijos studijy krypties studentams.

Pagrindinés savokos: Erasmus+ programa, darbo rinka, jaunimo nedarbas, studijos uzsienyje

Ivadas

Europos Sgjungos salys nuo ekonominés krizés pra-
dzios 2007 m. susiduria su nauju ir sunkiai kontroliuo-
jamu reiskiniu - jaunimo nedarbu. Vis daugiau jauny
zmoniy nutraukia studijas aukstojoje mokykloje ir
bando jsilieti j darbo rinkg. Taciau dél jvairiy priezas-
¢iy jiems tai sunkiai pavyksta. Viesojoje erdvéje daug
diskutuojama apie aukstojo mokslo kokybe, reformas,
inzinerijos svarbg, naujus j technologijy panaudojima
orientuotus bei socialinius jauny zmoniy jgadzius, rei-
kalingus darbo rinkoje, ir vis didéjancia atskirtj tarp
jaunimo lakes¢iy ir darbdaviy reikalavimy. Siekdama
iSvengti Sios prie$prieSos Europos Komisija inicijuoja
j jaunimo mobilumo ir issilavinimo gerinimg orien-
tuotas programas, tokias kaip Erasmus+ ir kt. Taciau
darbdaviai, nors ir pripazjsta uzsienyje jgytos patirties
studijy metu svarbg, norimos pridétinés vertés ir jauny
zmoniy veiklos teigia nesulaukiantys. Straipsnio tiks-
las — jvertinti inzinerijos studijy krypties studenty pasi-
naudojimo studijy ir praktikos uzsienyje galimybémis
per Erasmus+ programg naudg. Tyrimo objektas — in-
zinerijos studijy studentai. Straipsniui parengti naudo-
tos Europos Komisijos bei nacionalinés studijy vertini-
mo ataskaitos, finansiniai Europos Sajungos institucijy
duomenys, susije statistiniai rodikliai ir tyrimai.

Erasmus+ programos kiirimo gairés

Erasmus+ yra sékmingiausia studenty mobilumo
programa pasaulyje. [vairGs tyrimai rodo, kad nuo
1987-1988 m. galimybe i$vykti daliniy studijy ar atlikti
praktikos j uzsienio institucijas ir jmones pasinaudojo
daugiau nei 3 mln. Europos studenty [3]. 2013-2014
m. $ioje programoje buvo jsisavinta daugiau nei 80%
viso Erasmus programos biudzeto 1é$y. Daugiausiai
pagal programa issiysty studenty turi Ispanija, po jos
eina tokios Europos $alys kaip Pranciizija ir Vokietija.
Skaiciuojant iSvykstanciy studenty skai¢iy procentais
nuo visy Salyje studijuojanciyjy, daugiausiai i$vyks-
tanciy pagal Erasmus+ programa yra i§ Liuksemburgo,
Lichtensteino, Latvijos, Lietuvos ir Ispanijos.

Programos Erasmus+ tikslams pasiekti pagaljaigy-
vendinami tokie veiksmai:

+ Pirmas pagrindinis veiksmas (KA1) - Mobilumas
mokymosi tikslais — studenty, staZzuotojy, moky-
tojy ir kitos $vietimo srities darbuotojy, jaunimo
mainuose dalyvaujanciy jaunuoliy, su jaunimu dir-
banciy asmeny ir savanoriy mobilumo galimybéms
skatinti.

« Antras pagrindinis veiksmas (KA2) - Bendradar-
biavimas inovacijy ir dalijimosi geraja patirtimi
tikslais - Svietimo, mokymo ir jaunimo jstaigy bei
organizacijy ir jmoniy partnerystei kurti ir gerinti.

o Trecias pagrindinis veiksmas (KA3) - Politiniy
reformy rémimas - dialogui remti ir surinkti infor-
macijai, reikalingai, kad buty reformuotos $vietimo,
mokymo ir jaunimo sistemos [22].

Tyrimai rodo [4], kad vis daugiau jauny Zmoniy
naudoja Erasmus+ programa kaip priemone, pade-
dancia jgyti praktinés darbo patirties uzsienyje. Taip
pat pastebima, kad penkerius metus po diplomo gavi-
mo jauny zmoniy, kurie buvo i$vyke studijuoti ar at-
likti praktikos j uzsienio institucijas, nedarbo rodiklis
yra net 23% Zemesnis nei ty, kurie tokia galimybe ne-
pasinaudojo. 1 i§ 3 Erasmus+ praktiky uzsibaigia realiu
darbo pasiilymu joje dalyvavusiam studentui.

Erasmus+ programa kaip jaunimo nedarbo
problemos sprendimas Europoje

Programa ,,Erasmus+“apima buvusias (2007-2013)
Europos Sajungos (ES) $vietimo, profesinio mokymo,
jaunimo ir sporto finansavimo programas: Mokymo-
si visg gyvenimg programg (,,Comenius®, ,Erasmus®,
»Leonardo da Vinci®, ,,Grundtvig®), programa ,Vei-
klus jaunimas® ir penkias tarptautines bendradarbia-
vimo programas (,Erasmus Mundus®, ,Tempus®,
»Alfa®, ,Edulink® ir bendradarbiavimo su pramoniné-
mis $alimis programa). Pagal $ig programg pirma kar-
ta buvo numatyta skirti paramg ne tik $vietimui, bet
ir sportui. Erasmus+ programos tikslas yra palengvinti
finansavimo galimybes tiems, kas joje dalyvauja, ir su-
mazinti susijusiy procediiry skaiciy. 2007 m. Europoje
buvo fiksuotas didelis jaunimo nedarbas. Europos Au-
dito Rimy ataskaitoje (Specialioji ataskaita Nr. 5/2017)
teigiama, kad dar ir $iandien Europos Sajungos Salys
susiduria su nepaprastai aukstu jo lygiu. Dél 2008 m.
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ekonominés krizés jaunimui buvo dar =
sunkiau integruotis j darbo rinka. Nors 4
per beveik deSimtmetj padétis page- o
réjo, taciau daugiau kaip 4,2 milijono 3

D

asmeny iki 25 mety amziaus 2016 m.
birzelio ménesio Europos Sajungoje
vis dar buvo bedarbiai [6]. Jaunimo
nedarbo lygis (15-24 m. amziaus) nuo
2008 m. pradzios iki 2013 m. pradzios
padidéjo 8,8 procentiniais punktais ir
pasiekeé auksciausig lygj - 23,9 %. Kaip
vieng svarbiausiy $io reiskinio priezas-
¢iy darbo rinkos specialistai Lietuvo-
je nurodo j teorija nukreiptag mokyma
mokyklose ir praktikos stoka, o jsidar-
binant, kaip teigia specialistai, reikalin-
gi batent praktiniai jgiidziai. Lietuvos

ey -

Bulgarij

Eipras
Cekija

Vokietijy Emm—
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remiantis Eurostat

darbo birzos ekspertai nurodo priezas- s
tis, dél kuriy jaunimas nedirba [11]: "
« darbo viety kokybé ir neadekvaciai

dideli jaunuoliy lukesciai;

jgytos kvalifikacijos neatitikimas
darbo rinkos poreikiams;

jaunuoliy atkaklumo, darbo paies-
kos jgudziy stoka;

jaunuoliy motyvacijos, socialiniy
kompetencijy stoka;

nejgyta arba jgyta nepakankama
profesiné kvalifikacija;

praktinés patirties stoka.
Darbdaviai teigia, kad absolven-
tams truksta socialiniy gebéjimy - kritinio mastymo,
problemy sprendimo ir kolektyvinio, komandinio dar-
bo [18]. Kaip keitési jaunimo (15-24 m.) nedarbas Eu-
ropoje per pastaraji deSimtmetj, galima pamatyti pa-
veiksle (zr. 1 pav.)":

Europos statistikos tarnybos Eurostat duomenimis,
pastarajj deSimtmetj jaunimo iki 25 mety nedarbas
buvo itin didelis. Kaip matyti i§ paveikslo, 2005 m. jis
sieké 18,3 %, didziausias buvo Lenkijoje — net 36,9 %
(taip pat didelis Slovakijoje — 30,4 %, Graikijoje -
25,8 %, Italijoje — 24,1 %), o maziausias — Islandijoje
ir sieké 7,2 % (Danijoje 8,6 %, Airijoje 8,7%). Lietuvoje
2005 m. jaunimo nedarbo rodiklis buvo 15,8 % ir lygi-
nant su kaimyninémis Salimis Estija bei Latvija, neissi-
skyré i$ Baltijos $aliy regiono vidurkio (Latvijoje ir Es-
tijoje $is rodiklis 2005 m. buvo 15,1 %). Po ekonominés
krizés 2007-2008 m. jaunimo nedarbas dar labiau is-
augo, ir Europoje isry$kéjo naujos $alys, kurioms nepa-
vyko i§spresti jaunimo uzimtumo problemy. Bendras
Europos jaunimo nedarbo vidurkis 2010 m., lyginant
su 2005 m., padidéjo tik 3 % ir sudaré 21,1 %, taciau
kai kuriose $alyse, tokiose kaip Ispanija (41,5%), Latvi-

2005 Fiie ]

1 Jaunimo nedarbas ¢ia yra skai¢iuojamas jtraukiant visus darbo
neturin¢ius 15-24 mety amziaus jaunuolius. Jaunimo nedarbo
rodiklis iSrei$kiamas procentais nedirban¢iy jauny Zmoniy nuo
visos tos pacios amziaus grupés Zmoniy populiacijos (jtraukiant
tiek aktyvius darbo rinkos dalyvius, tiek neaktyvius - tokius,
kaip studentai)
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1 pav. Jaunimo iki 25 m. nedarbas Europoje 2005 - 2016 m. [10] (sudaryta autoriy,

duomenimis)
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2 pav. Lietuvos, Latvijos, Estijos ir Lenkijos jaunimo nedarbo rodiklio dydis (%)
2005-2016 m. (sudaryta autoriy, remiantis Eurostat [9] duomenimis)

ja (36,2%), Lietuva (35,7%), Slovakija (33,9%), Graikija
(33%, kai kuriy kity $altiniy duomenimis — daugiau nei
60%) ir kitos, jaunimo nedarbas po ekonominés krizés
labai padidéjo. Estijoje 2010 m. jaunimo nedarbas buvo
maziausias i$ visy trijy Baltijos Saliy (32,9%), taciau vis
vien didesnis nei Europos vidurkis. 2016 m. situacija
Europoje jaunimo nedarbo kontekste buvo vis dar su-
détinga, taciau didelé dalis $aliy sugebéjo $ig problema
ispresti. Kai kurioms, deja, nepavyko. 2016 m. Euro-
pos $aliy jaunimo nedarbo vidurkis buvo 20,9% ir tai
rei$kia, kad kas penktas $ios amziaus grupés Zmogus
neturéjo darbo. Graikija (47,3% - kas antras jaunuo-
lis neturéjo darbo), Ispanija (44,4%), Italija (37,8%) ir
Kroatija (31,8%) pernai turéjo didziausia fiksuotg jau-
nimo nedarbg Europoje. Lietuvoje ir kaimyninése Saly-
se jaunimo nedarbo rodikliai 2016 m. buvo daug geres-
ni nei ankstesniais metais (Zr. 2 pav.):

Kaip matyti i§ paveikslo, Lietuvos, Latvijos ir Estijos
rodiklio dydzio poky¢iai panasis, taciau Lenkija regi-
one issiskiria ir per deSimtmetj nuo 2005 iki 2016 m.
jaunimo nedarbg sugebéjo sumazinti beveik dvigubai.
Didziausias jaunimo nedarbas per $j laikotarpj Lietu-
voje buvo 2010 - 2011 m., kuomet kas trecias jaunas
zmogus neturéjo darbo, taciau 2016 m. rodiklis yra Zy-
miai mazesnis nei Europos vidurkis.

Programa ,,Erasmus+“ pradéta vykdyti tokiu metu,
kai ES darbo neturéjo beveik 6 mln. jaunuoliy, - kai



Erasmus+ inzinerijoje kaip jaunimo nedarbo sprendimo galimybé

15

kuriose Salyse jaunimo nedarbas virsijo 45% (naciona-
liniy statistikos departamenty ar darbo birzy duome-
nys ES gali skirtis nuo Eurostat pateikiamy duomeny,
atsizvelgiant | tai, kaip skaic¢iuojamas rodiklis: jtrau-
kiant visus $io amziaus jaunuolius, ar tik tuos, kurie
tuo metu neturi nei darbo, nei néra kaip nors kitaip
uzimti, pavyzdziui, studijuoja). Be jauny Zmoniy, ku-
rie yra bedarbiai (t. y., galintys pradéti dirbti ir aktyviai
ieSkantys darbo), grupés yra kita didelé jauny Zmoniy
grupé, kurie yra maziau motyvuoti bati iniciatyvis,
todél jie dar labiau atskirti nuo darbo rinkos. Tai yra
neaktyviis nesimokantys ir profesiniame mokyme ne-
dalyvaujantys jaunuoliai. Batent §i grupé bei jos dydis
daro jtaka bendriems jaunimo nedarbo rodikliams (ta-
Ciau $i dalis bedarbiy yra mazesné). Tuo padiu metu
buvo teigiama, kad yra daugiau nei 2 mln. laisvy dar-
bo viety, o tre¢dalis darbdaviy teigé, kad jiems sunku
rasti reikiamy jgudziy turinc¢iy darbuotojy. Darbuo-
tojy ypac traksta informaciniy ir rysiy technologijy,
transporto ir logistikos, gamybos ir sveikatos priezit-
ros sektoriuose [7]. Tyrimai rodo, kad patys jaunuo-
liai [2] savo perspektyvas darbo rinkoje taip pat vertina
neigiamai (mazai galimybiy, per mazai patirties, mazas
darbo uzmokestis, ilgos darbo valandos ir kt.). Didelis
jaunimo nedarbas reiskia ne tik socialines problemas,
bet ir naSumo sumazéjima. Tai gali skatinti gimstamu-
mo mazéjimg ir karty tarpusavio jtampa, nes didelé
dalis Europos trisdeSimtmeciy vis dar gyvena su savo
tévais. Kaip teigiama Europos Audito Rimy ataskai-
toje, be finansiniy pasekmiy, kurias tiesiogiai patiria
jauni Zmonés, ilgas nedarbas taip pat turi neigiama
poveikj jsidarbinimui ateityje, zmogaus vaidmeniui vi-
suomenéje, didina skurdo rizika ir socialing atskirtj. Be
to, kyla pavojus, kad nebus optimaliai panaudoti gabu-
mai ir jgadziai [6].

Lietuvos darbo birzos duomenimis, Lietuvoje 2017
m. tipinis jaunas bedarbis iki 29 mety dazniau yra vai-
kinas (52,8%) nei mergina (47,2%) ir beveik 40% visy
ju yra nekvalifikuoti, 11,2% anksciau niekur nedirbe
[13]. Beveik 25% i$ jy buvo jgij¢ aukstajj i$silavinima.
Taciau, remiantis Jaunimo reikaly departamento duo-
menimis, nuo 2011 m. nedirbanciy, nesimokanciy ir
mokymuose nedalyvaujanciy jauny Zmoniy skaicius
sumazéjo beveik 3% [11]. Bendras jauny Zmoniy skai-
¢iaus Lietuvoje mazéjimas pastebimas keleta pastaryjy
mety. Nuo 2010 m. mokiniy ir studenty skaicius Lie-
tuvoje sumazéjo daugiau nei 120 takst., o nuo 2012
m. besimokanciyjy skaicius laipsniskai mazéjo beveik
visose $vietimo pakopose. Tik profesinio ugdymo stu-
dijose besimokanciyjy skaicius kasmet stabiliai augo
[12]. Siuo metu Lietuvoje mokyklos nebaigusiy jauny
zmoniy iki 24 m. amZiaus, yra beveik 5%, o absolventy
uzimtumas baigus studijas yra 82,1%, kai tuo metu Eu-
ropos vidurkis - 76,9%.

Tiek Lietuvos, tiek Europos gyventojy skaicius kei-
¢iasi, todél kinta ir situacija darbo rinkoje. Gyvenimas
ir darbas technologiskai pazangioje ir globalioje eko-
nomikoje reikalauja, kad asmenys jgyty aukstesnj i$si-

lavinimg ir turéty geresnius jgudzius. Eksperty teigimu
[7], aukstesnis issilavinimo lygis yra susijes su geres-
niais jgudziais ir padidina uzimtumo lygj. Tyrimai
rodo, kad Europos Sajungoje net 90% dirbancio jau-
nimo 2016 m. turéjo didesnj nei vidurinis iSsilavinima
(tai yra beveik 10% daugiau, nei 2015 m.).

Galima teigti, kad Europoje esama jaunimo jgidziy
formavimo spragy. Programa ,Erasmus+“ sukurta
spresti su $iomis spragomis susijusioms problemoms
[8], suteikiant jauniems Zmonéms daugiau galimybiy
studijuoti, mokytis, jgyti darbo patirties arba imtis sa-
vanorystés veiklos uzsienyje.

Rengiant Erasmus+ programa buvo tikimasi, kad
suteikiant paramg mokymo ir mokymosi metody ge-
rinimui, naujoms mokymo programoms, §vietimo js-
taigy darbuotojy ir su jaunimu dirbanciy asmeny pro-
fesiniam tobuléjimui bei skatinant aktyvesnj jmoniy ir
$vietimo jstaigy bendradarbiavima, padidés Europos
$vietimo, mokymo, jaunimo jstaigy ir sistemy koky-
bé bei aktualumas. Bendras orientacinis Sios progra-
mos finansinis paketas septyneriems metams (2014-
2020 m.) sudaro 14,774 mlrd. EUR (kaip jis pasiskirstes
pagal skirtingas veiklas, pateikiama 3 paveiksle), tai yra
40% daugiau nei anksciau.
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I viso 2014 m. programai ,,Erasmus+“ buvo skirta
1,8 mlrd. eury [23]. Pirmais programos veikimo me-
tais, Europos Komisijos duomenimis, ja pasinaudojo
beveik 650 000 zmoniy (studijos, praktika, stazuotés
uzsienyje), 70 000 organizacijy ir buvo jgyvendin-
ta beveik 18 000 projekty [5]. Lietuvoje nuo 2014 m.
Erasmus+ programa pasinaudojusiy studenty skaicius
kasmet vis auga (tiek atvykstanciy, tiek iSvykstanciy
studenty skai¢ius beveik kasmet didéja):

2015-2016 m. populiariausios $alys studijoms buvo
Portugalija (iSvyko 276 studentai), Ispanija (216 stu-
denty), Italija (192 studenty) ir Cekija (187 studenty),
o praktikai - Ispanija (261 studentas), Italija (169 stu-

2 “Jean Monnet” veikla yra skirta skatinti Europos Sajungos stu-
dijy pasaulinio mastu mokymo ir moksliniy tyrimy kompeten-
cija. Si veikla taip pat skatina akademinio pasaulio ir politikos
formuotojy dialoga, visy pirma siekiant sustiprinti ES politikos
valdyma.
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1 lentelé. Nutraukiantys studijas (% nuo 18-24 m. jaunuoliy populiacijos) asmenys Europos Sajungos Svietimo institucijose [9]

2008 m. 2012 m. 2013 m. 2014 m. 2015 m. 2016 m. Tikslas
IS viso 14,7 12,7 11,9 11,2 11 10,7 <10,0
Moterys 12,7 10,9 10,2 9,6 9,5 9,2
Vyrai 16,6 14,5 13,6 12,8 12,4 12,2
5000 kerius metus. Lietuvoje veikia 76 technologijos moksly
atvystantys  m Hvykstantys a34i 4384 .. . .. .
4500 studijy krypties profesinio bakalauro studijy progra-
’:::: 3420 mos, 84 — bakalauro ir 97 magistro studijy programos
s [15]. Daugiausiai Sios krypties studenty 2016 m. buvo
2447 548 2551 magi d I v, e k 1 k is Li
2500 gistro studijose. Inzinerijos moksly kryptis Lietuvos
2000 universitetuose pagal studenty pasirinkimus yra 4-5
1500 vietoje, kolegijose — antroje. Pagal LAMA BPO ir Sta-
1 tistikos departamento duomenis [14, 1], 2017 m. inZi-
. nerijos mokslus pasirinkusiy studenty dalis universite-
20032008 m 20142015 m 20152016 m tuose buvo 10 %, o kolegijose 18%. Tuo metu tarp visy

4 pav. Erasmus+ studenty mobilumas Lietuvoje 2013-2016 m. (su-
daryta autoriy pagal Svietimo mainy paramos fondo informacija

(21])

dentai) ir Danija (169 studentai). ] Lietuva atvykstantys
studijuoti studentai dazniausiai buvo i§ Turkijos (406
studentai), Prancizijos (297 studentai) bei Italijos (267
studentai), o atlikti praktikos - i§ Latvijos (131 studen-
tas), Lenkijos bei Danijos (po 48 studentus).

Vienas i§ Erasmus+ programos tiksly yra sumazinti
studijas nutraukianciy jaunuoliy skai¢iy. Kaip keitési
$is rodiklis nagrinéjamuoju laikotarpiu, parodyta len-
teléje:

Kaip matyti i$ lenteléje pateikty duomeny, studijas
nutraukianc¢iy asmeny skaicius nuo 2002 m. kasmet vis
mazéja. Kaip rodo tyrimai, dazniau studijas nutraukia
zemesnj i$silavinimg turintys asmenys. Tikslas iki 2020
m. §j rodiklj sumazinti iki 10% yra beveik pasiektas.
Dazniau mokslus nutraukia jauni vyrai nei moterys.
2016 m. studijas ar praktikg nutraukianc¢iy motery skai-
¢ius Europos Svietimo institucijose buvo 9,2%. Uzsieny-
je studijuojantys studentai dazniau yra linke nutraukti
studijas lyginant su tais, kurie studijas pasirenka gimti-
néje. Sie jauni zmonés darbo rinkoje susiduria su keletu
problemy: 2016 m. beveik 58% studijas nutraukusiy jau-
nuoliy (16-24 m. amziaus) neturéjo darbo. Sis skaicius,
lyginant ji su 2008 m., padidéjo net 12%. Rengiant Eras-
mus+ programa buvo siekiama, kad iki 2020 m. asmeny
iki 35 m., turin¢iy aukstajj i$silavinimg, skaicius Euro-
poje sudaryty ne maziau kaip 40%. Moterys §j lygj jau
pasiekeé ir 2016 m. tokiy buvo 43,9%, o vyry - tik 34,4%.
Siuo rodikliu Europa vis dar atsilieka nuo tokiy ekono-
miskai stipriy $aliy kaip Kanada, Japonija, Piety Koréja
ar Jungtinés Amerikos Valstijos.

Erasmus+ inZinerijoje

2016 m. Lietuvoje technologijos mokslus studijavo
14470 studenty universitetuose ir 11688 studentai ko-
legijose. Sis skaicius beveik nekinta pastaruosius pen-

Lietuvoje studijuojanciy ir pagal Erasmus+ programa
iSvykstanciy studenty, studijuojanciy inzinerija, dalis
2015-2016 m. buvo 14% (atvyko — 17%) ir tai buvo ke-
tvirta pagal dydj studenty grupé. Dazniau j uzsienj stu-
dijuoti semestrui ar dviem iSvyksta moterys (65% visuy
iSvykstanciy studenty) nei vyrai (35%). Atvykstanciy
vyry ir motery yra beveik po lygiai. Galima teigti, kad
technologijy ir inZinerijos studijy populiarumas tiesio-
giai susijes su $ios krypties studenty pasirinkimu vykti
j dalines studijas ar praktika uzsienyje pagal Erasmus+
programa. Teigiama jtaka gali padaryti ir inzinerijos
moksly populiarumo tarp merginy augimas, nes studi-
jas uzsienyje semestrui ar dviem dazniau renkasi mer-
ginos nei vaikinai.

dentus orientuoti Erasmus+ projektai yra geras bii-
das didinti $iy studenty jsitraukimg j studijy tarptau-
tiSkumo procesus. Jy metu ne tik gerinami uZzsienio
kalbos jgudziai, tac¢iau geriau susipazjstama su tarp-
tautine praktine (studijy bei darbo) aplinka, naujové-
mis, kurios diegiamos Europos Salyse, tarptautiniais
reglamentais ir standartais. Dazniausiai Erasmus+
galimybémis pasinaudoja socialiniy moksly krypties
studentai, taciau jy skaicius Lietuvoje, lyginant su kity
krypties studentais, yra daug didesnis, todél negalima
teigti, kad inZineriniy ir technologijy studijy studentai
re¢iau i$vyksta studijuoti ar atlikti praktikos j uzsienj,
pasinaudodami Erasmus+ programa. Siekiant jtrauk-
ti didesne dalj inzineriniy studijy studenty j studijy
tarptautiSkumo didinimo procesg, butina didinti $iy
studijy populiaruma, nes kity priezas¢iy, lemianciy
inzinerijos ir technologijy studijy studenty dalyva-
vima Erasmus+ programoje, analizuojant duomenis,
nepastebéta. Svarbu pazyméti, kad Lietuvos studenty
Erasmus+ kryptys tiek studijoms, tiek praktikai labai
panasios - Ispanija, Portugalija, Italija, Danija. I$sky-
rus Danijg, populiariausios $alys yra tos, kurios susi-
duria su didZiausiu jaunimo nedarbu Europoje. Tokj
studenty pasirinkimg gali lemti ribotos finansinés ga-
limybés ilgesnj laikg savarankiskai gyventi ir studijuoti
santykinai auks$tesnio gyvenimo lygio $alyse, tokiose
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kaip Norvegija, Suomija, Islandija. Sios $alys ne tik i$-
siskiria mazesniu jaunimo nedarbo rodikliu (Svedija,
Suomija — ~20%, Norvegija - ~10%), bet taip pat ir in-
zineriniy studijy populiarumu (Norvegijoje inzinerijos
studijy programos - antroje vietoje pagal populiaruma
[19], Svedija i§ kity Europos $aliy isiskiria savo inves-
ticijomis j tyrimus [20], Suomijoje — Tampere taiko-
muyjy moksly universitetas jau keleta mety i eilés yra
pirmas pagal stojanciyjy pasirinkima [24]), todél svar-
bu plésti Lietuvos mokslo institucijy bendradarbiavi-
mo galimybes su Salimis, i$§ kuriy galima buty perimti
gerosios praktikos pavyzdziy.

Isvados

Atlikus dokumenty, ataskaity bei statistinés infor-
macijos analize, galima teigti, kad néra akivaizdaus
tiesioginio rysio tarp iSvykstanciy daliniy studijy ar
atlikti praktikos pagal Erasmus+ programa ir studi-
juojanciy Lietuvoje inzinerijos studijy krypties pro-
gramy studenty jsidarbinimo galimybiy. Galima teigti,
kad pasinaudojanciy programos galimybémis skaicius
per paskutinius keletg mety buvo stabilus, pasirenkan-
¢iy studijuoti inZinerines studijy programas studenty
skaicius kinta labai nezymiai ir populiariausiy studi-
jy reitinge inzinerijos studijos dar niekada nebuvo
pirmoje vietoje Lietuvoje. Mazdaug 14% inzineriniy
studijy programy studenty i$vyksta daliniy studijy ar
atlikti praktikos i uzsienio aukstojo mokslo instituci-
jas (Ispanija, Italija, Portugalija). I$vykstanciyjy skai-
¢ius kasmet vis didéja, bet vertinant skirtingy studijy
kryp¢iy studenty aktyvuma, Zymiy pokyc¢iy nepastebé-
ta. Nusistovi bendra tendencija, kad studentai, studi-
jy metu i$vyke semestrui ar dviem j kitg $alj studijuoti
ar j praktika, reciau lieka ilgalaikiais bedarbiais nei tie,
kurie tokia galimybe nepasinaudoja. Siekiant didinti
inZinerijos studijy studenty jsitraukimg ir mobiluma,
butina didinti $ios krypties studijy populiaruma. Pa-
stebéta, kad teigiama jtaka $iam procesui daro mote-
rys — jos labiau nei vyrai linkusios pasinaudoti Eras-
mus+ programos galimybémis, todél jauny motery,
merginy pritraukimas j inzinerijos studijas galéty buti
reik§mingas siekiant didinti $ios krypties studenty mo-
bilumo bei darbo rinkos aktyvumo rodiklius.
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ERASMUS+ IN ENGINEERING
AS OPPORTUNITY FOR YOUTH
UNEMPLOYMENT SOLUTION

Annotation. The article “Erasmus+ in engineering
asopportunity for youth unemployment solution” deals
with youth from 16 to 24 years old age employment in
the countries of the European Union. The article com-
pares the indicators of Europe countries, analyzes the
situation of the youth labor market. According to the
data of study programs of the EU countries and the Er-
asmus + program, the students’ employment and the
opportunity to go abroad for study or work abroad are
examined, paying special attention to the students of
the field of technology and engineering studies.
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Anotacija. Kolegijos studijy programy aprasuose numatyta, kad studentai turi parengti daugelio studijuojamy dalyky
rasto darbus. Savarankisky rasto darby rengimo tikslas — surinkti medziagga ir jg iSanalizuoti pasirinktu aspektu arba papil-
dyti jau Zinomus dalykus, i$kelti galimg analizés tikslg ir uzdavinius. Pirmieji tokio pobudzio darbai dar negali buti vadinami
moksliniais darbais, tac¢iau juos rengdami studentai jgyja mokslinio darbo rengimo jgudziy, mokosi rasti savitg ragymo sti-
liy, formuluoti tezes, pateikti analize. Straipsnyje analizuojamas tiksliyjy dalyky savarankisko darbo efektyvumas studijuo-

jant technologijy studijy krypties programas.

Pagrindinés savokos: savarankiskas darbas, studijy programa, struktarinis vidurkis, mediana, moda, koreliacinis rysys.

Ivadas

Greitai kintancios Siuolaikinés visuomenés salygos,
mokslo ir technikos pazanga skatina atkreipti démes;j j
bisimo specialisto gebéjima analizuoti, taikyti turimas
zZinias naujose situacijose, savarankiskai spresti iskilusias
problemas. Profesinio ugdymo institucijose akcentuo-
jama zmogaus saviraiSkos svarba, profesiniai jgiidziai,
darbuotojy asmeniné atsakomybé, asmens karybingu-
mas, iniciatyvumas, tvirtos vertybinés nuostatos.

Aukstasis mokslas suteikia galimybe jgyti gebéjimy,
butiny profesinei veiklai. Jgijus bendryjy gebéjimy ga-
lima sklandziai integruotis j darbo rinka, grei¢iau jgyti
darbo patirties, keisti profesine kryptj ar darbo pobii-
di. Visiems $itiems gebéjimams susiformuoti, jy raidai
jtakos turi studenty ir déstytojy bei gyvenimo aplin-
kos saveika, galimybé bendrauti jvairiomis formomis,
metodais, priemonémis [1]. Studenty ir déstytojy savi-
rai$ka grindziama vieny ir kity pasaukimo jgyvendini-
mu, gyvenimo tikslo ir prasmés ieskojimu.

Vadovaujantis Technologijy studijy kryp¢iy grupés
aprasu (2015), vienas i$ siekiamy technologijy studi-
jy kryp¢iy grupés studijy rezultaty yra ,,studenty ge-
béjimas veiksmingai dirbti savarankiskai ir komando-
je, mokéjimas bendrauti su inzinerijos ir technologijy
bendruomene bei placigja visuomene® [14]. Tad pri-
oritetiniu strateginiu tikslu tampa studijy kokybés to-
bulinimas, akcentuojant bendravimg ir bendradarbia-
vimg, komandinj darba, kritinio mgstymo svarbg, nes
$itie veiksniai yra esminé tolesniy studijy ir sékmingos
karjeros prielaida. Orientuojantis j studento ir (ar) ab-
solvento gebéjima prisitaikyti prie kintancios aplinkos
ir atlikti naujas uzduotis, akcentuojami bendrieji gebé-
jimai: informacijos paieska ir apdorojimas, informaci-
niy technologijy valdymas, problemy sprendimas, ana-
litinis mastymas. Siekiant studenty savarankiskumo ir
aktyvumo studijy laikotarpiu, kaip pagrindinés moky-
mosi priemonés jvardijama diskusija, bendradarbiavi-
mas su déstytojais ir kolegomis, gebéjimas mokytis ir
dirbti savarankiskai [11].

Lietuvos gimnazijy ir bendrojo lavinimo mokykly
programose daug démesio skiriama ugdymo turiniui
bei ugdymo metodams, i$skiriama ir savarankisko dar-
bo svarba. Siuolaikinéje visuomenéje atsiradus porei-

kiui mokytis visg gyvenima, ziniy, kuriy jgyja busimi
studentai mokykloje, nepakanka. Savarankiskai dirb-
dami studentai ugdo savarankiskuma, atsakomybe, pa-
sitikéjima savo jégomis. Studijos aukstojoje mokykloje
i$ esmés skiriasi nuo mokymosi bendrojo lavinimo mo-
kyklose, nes reikia daug dirbti savarankiskai. Svarbu ne
tik gebéti rasti tinkamy informacijos $altiniy ir juos pa-
naudoti studijuojant, bet ir gauta informacijg analizuo-
ti, apdoroti bei tinkamai pateikti. Taigi savarankiskas
darbas svarbus ugdant savarankiska ir aktyvy ugdytinj.

Tai viena mokymo procesy tobulinimo kryp¢iy.
Tyrimo problema - siekiant profesiniy kompe-

tencijy, suteikianc¢iy galimybe kolegijos absolventams

sékmingai dirbti, reikia profesinés patirties ir specifi-
niy jgiadziy, kurie padéty priimti savarankiskus spren-
dimus. Tam tikslui pasiekti svarbu i$siaiskinti, kaip
pradedantys studijuoti pirmo kurso studentai suvokia
savarankisko darbo esme, sugeba dirbti savarankiskai.

Savarankiskas darbas turéty buti grindZiamas teoriniy

ziniy s3saja su realiomis situacijoms, taikant aktyvaus

ir inovatyvaus mokymosi metodus ir skatinant studen-
ty savarankiSkuma, jsitraukimg j mokymosi procesa.

Problemos esmé — sékminga savarankisko darbo inte-

gracija i studijy procesa.

Tyrimo objektas — studento savarankiskas darbas,
jo trukmé ir kokybé koleginése studijose.

Tyrimo tikslas- atskleisti studenty nuomone apie
savarankisko darbo efektyvuma koleginése studijose,
pagristi savaranki$ko darbo naudg profesiniy kompe-
tencijy ugdymo pozitriu, isiaiskinti veiksnius, skati-
nancius studentus savarankiskai dirbti bei mokytis.

Uzdaviniai:

1. Apibrézti savarankisko darbo sampratg auksto-
jo mokslo studijose, akcentuoti kolegijai aktualius
komponentus.

2. I&skirti pagrindinius veiksnius, lemiancius studenty
gebéjima dirbti bei mokytis savarankiskai.

3. Remiantis anketinés apklausos rezultatais istirti
studenty gebéjima savarankiskai dirbti.

4. Issiaiskinti savaranki$ko darbo jtaka mokymosi re-
zultatams.

Tyrimo metodai: literatiiros Saltiniy ir teisés akty
analizé, anketiné apklausa, statistiné aprasomoji ir ly-
ginamoji duomeny analizé.
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Savarankiskumo ugdymo pedagoginés
prielaidos

Mokslinéje literatairoje pateikiama jvairiy savaran-
kisko darbo aukstojoje mokykloje sgvokos interpre-
tacijy ir apibrézimy. Daznai studenty savarankiskas
darbas interpretuojamas kaip individualaus mokymosi
ir savaranki$kumo suvokimas atliekant uzduotis. [vai-
riuose literataros $altiniuose neretai aptinkama jvairiy
savoky: ,,savarankiskas mokymasis®, ,,savimoka®, ,,sa-
varankiska veikla®, kuriose taip pat atsispindi studenty
savarankiSkumo idéja [11]. A. Budriené ir J. Margelené
plétojo integruoto savarankisko darbo svarbg moky-
mosi rezultatams pasiekti. Pasak autoriy, integruotas
savarankiskas darbas - tai daugelio déstytojy (specialy-
bés bei bendryjy dalyky) bendras pedagoginés veiklos
rezultatas. Tai darbas, kurj studentas atlieka panau-
dodamas skirtingus ugdomus gebéjimus, pademons-
truodamas jvairiy gebéjimy taikyma vienoje situacijoje
[3].

Studijy metu plétojant bendruosius gebéjimus turi
bati skatinama savarankiska studenty veikla, kurios
raiska — mokéjimas planuoti, taikyti turimas Zinias bei
kurti naujus veiklos modulius. Studenty savarankiskai
veiklai turi jtakos patirtis, atsakomybé, gebéjimas pla-
nuoti. Siuolaikiniy teorijy taikymas skatina asmenybés
kirybiniy savybiy ugdyma, gebéjima kritiskai vertinti
veikla bei laiméjimus [11].

Aukstojo mokslo studijy sékmei taip pat turi jta-
kos studenty gebéjimas mokytis. Mokydamasis moky-
tis studentas gebés pasitikéti savo jégomis, kelti pras-
mingus veiklos tikslus bei kryptingai jy siekti. Anot
R. Pocevicienés (2011), mokymuisi mokytis aktualis
$ie gebéjimai: analizuoti savo mokymosi procesa; su-
prasti, kurios asmeninés savybés padeda ir kurios truk-
do sékmingai mokytis; numatyti mokymosi trukdziy
ir sunkumy jveikos budus; planuoti mokymosi laika;
pasirinkti tinkamus mokymosi metodus, priemones,
isteklius, numatyti savo mokymosi proceso tobulini-
mo galimybes ir strategijas. Kaip efektyvy mokymosi
mokytis biidg autoré isskiria savarankisko darbo orga-
nizavimo ir studenty konsultavimo sistemos suktrimg
mokymo jstaigoje [8].

Apibendrinant galima teigti, kad savarankiskumas
yra viena i§ pagrindiniy profesionalios asmenybés sa-
vybiy, sudaranciy prielaidas Zmogui savarankiskai
pazinti pasaulj, jame gyventi, dirbti, bendrauti, kurti,
tobulinti save. Skiriami keli savarankiskumo lygiai: re-
produktyvus savarankiskumas, kai dirbama atkuriant
turimas Zinias, vadovaujantis instrukcijomis, nurody-
mais ar taisyklémis; produktyvus savarankiskumas, kai
naujose situacijose randami kitokie problemy spren-
dimai, integruojant turimas Zinias ir jas papildant; k-
rybiskas savaranki$kumas, kuris butinas bet kokioje
profesinéje veikloje [1]. Butent trecio lygio, turincio
karybisky bruozy, savaranki$kumas labai vertinamas
darbo rinkoje, nes tada darbdaviui nereikia skirti pa-
pildomy intelektiniy ir materialiyjy istekliy tam ti-

kram gamybiniam procesui jgyvendinti. Visa atsako-
mybé ir proceso atlikimo strategija tenka darbuotojui.
Taigi aukstosios, galbut ir profesinés mokyklos, turi
orientuotis j tokios patrauklios darbo rinkai karybis-
kos asmenybés ugdyma.

Organizuojant studijy procesa aukstosiose moky-
klose, sitiloma keisti tradicinius aiSkinamuoju moky-
mu pagristus metodus studenty savarankiska veikla
ugdanciais metodais. Taciau, anot A. Rutkienés ir I.
Tandzegolskienés (2014), aukstos kvalifikacijos spe-
cialistai, t. y. déstytojai, nepasitilo aiSkaus sprendimo,
kaip tai padaryti [11]. Lietuvos aukstyjy mokykly sit-
lomy studijy programy kokybé - daznai visuomené-
je svarstomas klausimas, aktualus ne tik patiems stu-
dentams, bet ir darbo rinkos atstovams, kurie tikisi,
jog aukstosios mokyklos parengs kvalifikuotus speci-
alistus. Siekiancios kokybiskos veiklos aukstosios mo-
kyklos priverstos nuolat atnaujinti studijy programas,
kurti naujas. Atnaujinat studijy programas svarbiau-
sias démesys skiriamas studenty savarankisko darbo
planavimui.

G. Zibieniené (2013), apzvelgdama studijy progra-
my atnaujinimg Lietuvoje, pastebi, kad studijy progra-
my rengéjams iskilo nemazai klausimy, kaip planuoti
studenty savarankiska darbg. Vienas rimdciausiy tra-
kumy - studijy programose numatyto savarankisko
darbo nepakankama dermé su studijy dalyko ir pro-
gramos rezultatais. Viena sunkiausiy veikly programas
atnaujinantiems asmenims — metodiskai jvardyti, kaip
uztikrinti savarankisko darbo sgsajas su dalyko rezul-
tatais, studijy programos rezultatais, parinkti inova-
tyvius, tikslingus savarankisko darbo metodus® [16].
Zibienienés studijy programy atnaujinimo Lietuvoje
apzvalgoje rekomenduojama déstytojams, dalyky ap-
rady rengéjams ,nurodyti savarankisko darbo indelj
siekiant dalyko ir studijy programos rezultaty, taip pat
pateikti i§samig informacija apie savarankisko darbo
paskirtj, turinj, atlikimo terminus, vertinimo kriteri-
jus ir metodus, organizuoti konsultacijas studentams.
Rekomenduojama studentams sudaryti galimybes sa-
varanki$ko darbo uzduotis atlikti jvairiais metodais,
tinkamais tikslingai pasiekti dalyko, studijy programos
rezultatus, derancius su studijy programos turiniu ir
procesu bei labiausiai atitinkancius individualius po-
reikius“ [16].

Apibendrinant tai, kas pasakyta,, galima teigti, kad
esminio skirtumo tarp universitetiniy ir koleginiy stu-
dijy formos néra. Universitetinés studijos yra labiau
orientuotos i universaly bendrajj i§silavinima, teorinj
pasirengimg, auksciausio lygio profesinius gebéjimus,
koleginés studijos — j pasirengimg profesinei veiklai.
Praktinis mokymas ¢ia sudaro ne maziau kaip tre¢da-
lj studijy programos. Analizuodama studijy programy
atnaujinimg Lietuvoje studento savaranki$ko darbo
planavimo aspektu esminio skirtumo tarp koleginiy
ir universitetiniy studijy programy nejzvelgeé ir Zibie-
niené. Autoré pabreézia, kad skirtumai tarp koleginiy
ir universitetiniy studijy programy tarpinio vertimo
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ataskaity buvo menki [16]. Taigi planuojant studenty
savarankiska darbg kolegijoje reikia labiau orientuotis
j studenty profesiniy kompetencijy ugdyma.

Savarankiskumo ugdymas aktualus praktinio ga-
mybinio mokymo metu. Organizuojant $j procesa sa-
varanki$kumas ugdomas parenkant atitinkamus meto-
dus. Tai - savarankigki jvairiy technologiniy procesy
stebéjimai; gamybiniy ir techniniy uzdaviniy sprendi-
mas; laboratoriniai, praktiniai darbai; projektai.

Tyrimo rezultatai

Siekdami atskleisti studenty savarankisko dar-
bo svarbg Vilniaus technologijy ir dizaino kolegijos
(VIDK) Technikos fakulteto déstytojai pastaruosius
keleta mety atlieka pirmo kurso studenty tiksliyjy da-
lyky pasiekimy stebéseng. VIDK Technikos fakultete
rengiami technologinés pakraipos specialistai. Studijos
vykdomos nuolatine ir i$testine forma. Neatsizvelgiant
i studijy forma, kolegijoje siekiama gerinti ir plésti
studijy kokybe. Svarbus visi studentai, jiems sudaro-
ma galimybé mokytis, kurti, tobuléti, siekti karjeros.
Taciau dalies studenty, pasirinkusiy inzinerines pro-
gramas, pasirengimas, zinios, gebéjimai, ypac tiksliyjy
moksly dalyky (matematikos, fizikos, chemijos), nepa-
kankami [15].

Tiksliyjy dalyky déstytojai atliko tyrima, kuriuo
sieké iSsiaiskinti, kaip studentai, studijuojantys ma-
tematikos ir chemijos dalykus, vertina savarankiska
darbg, ar pasiteisino studenty pasirinkimo studijuoti
kolegijoje lukesciai, ar studenty savarankiskas darbas
daro jtakg studijuojamy dalyky galutiniam vertinimui.
Siekiant isiai$kinti matematikos dalyko savarankisko
darbo indélj, atliktas tyrimas, kuriame dalyvavo pirmo
kurso (2014-2015 s .m., 2015-2016 s. m. ir 2016-2017
s. m.) technologijy studijy krypties programy nuolati-
niy studijy studentai, apklausta per 380 respondenty.
Pirmakursiai pasirinkti kaip neseniai baige mokykla
ir dar nepamir$e mokykloje jgytos mokymo(si) patir-
ties.

Koleginiy studijy programose matematikos dalykas
priskiriamas studijy krypties dalykams, jo iSmokimo
lygis turi didelés jtakos tolesnéms studijoms. VIDK
Technikos fakulteto technologijy studijy krypties pro-
gramose matematikos dalykui skirti 6 kreditai. Vienas
i$ tyrimo uzdaviniy - iSsiai$kinti, kaip patys studen-
tai vertina matematikos dalykui skiriamy kontaktiniy
valandy skaiciy. Apklausos analizé patvirtino, kad stu-
dentams matematikos dalykui skirty kontaktiniy va-
landy pakanka (apie 70% studenty 2014-2015s.m. ir
apie 60% studenty kitais studijy metais) (1 pav.).

Kalbant apie studijy kokybe ir siekj plétoti studen-
ty karybiskg savarankiskumg aktuali ir déstytojo po-
zicija, kurig jis parodo dirbdamas ir bendraudamas su
studentais. Daug démesio reikalauja studijy proceso
vidiniai veiksniai. Vienas i§ tokiy studijy proceso sude-
damuyjy yra dalyko temy nuoseklumas ir i$sidéstymas.

70% 27 64% gy, W 2014-20155.m.
60% 2015-2016s.m
50% ® 2016-2017s.m
40% 299
P
30% 25 o
20%
5% — 3% 5%

10% 1% 1% 2% 0% 3%

0%

Taip Daugiau taip  Daugiau ne Ne NeZinau
nei ne nei taip

1 pav. Matematikos dalyko kontaktiniy valandy pasiskirstymas

SE% 37% ® 2014-20155.m

60% 529
2015-2016s.m.
50%
® 2016-2017s.m.
40% 32%2 35%
30%
20% 119 12%
10% 4%
1% 2% 0% 0% 0%
0% A a—
Taip Daugiau taip Daugiau ne Ne MNefinau
nei ne nei taip

2 pav. Matematikos dalyko temy nuoseklumas

Studenty nuomone, matematikos dalyko temos yra
nuoseklios (apie 60% apklaustyjy), trecdalis studenty
atsaké , daugiau taip nei ne®, ir tik 1% 2014-2015 s. m.,
2% 2015-2016 s. m. ir 4% 2016-2017 s. .m. nepaten-
kinti matematikos dalyko temy nuoseklumu (2 pav.).

Norintys sékmingai jsitvirtinti darbo rinkoje bisimi
kolegijos absolventai turi gebéti teorines Zinias taikyti
praktikoje. Darbdaviai neretai apibiidina absolventus
kaip turinc¢ius daug teoriniy ziniy, taciau nemokancius
$iy ziniy taikyti praktiskai [10]. Tyrimu buvo siekiama
issiaiskinti, kaip patys studentai vertina savo gebéjimus
teorines Zinias taikyti praktikoje. Apklausoje dalyvavu-
siy studenty nuomonés $iuo klausimu issiskyré. Vidu-
tiniSkai apie 50% apklaustyjy jsitiking kad sékmingai
taikys jgytas kolegijoje matematikos Zinias praktinéje
veikloje, taciau trecdalis studenty pasirinko neigiama
atsakymg.

Organizuojant studenty savarankiska darba, svar-
bis studijy metu taikomi mokymo(si) metodai ir prie-
monés. Mokymo(si) metodo pasirinkimg lemia dés-
tytojo ir studento bendravimo ir bendradarbiavimo
samprata. | skirtingus mokymo(si) metodus gali buti
Zitrima kaip j tam tikrus veiksnius, kuriais mazinamas
déstytojo ir didinamas studento indélis. Reikia dieg-
ti probleminio mokymo, patirtinio mokymo strate-
gijas [7], o studenty atliekamas savarankiskas darbas
turi remtis aktyvia veikla, patirtimi, atsakomybe. Taigi
reik$mingi studenty veiklg aktyvinantys ir savarankis-
kumg skatinantys metodai - ilgalaikés uzduotys (pro-
jektai), grupinis darbas, diskusijos. Metody jvairove
patvirtina ir tyrime dalyvave VIDK studentai. Dides-
né dalis apklaustyjy (daugiau kaip 80%) tvirtina, kad
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3 pav. Matematikos dalyko Ziniy taikymas praktikoje
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4 pav. Mokymo(si) metody, taikomy mokant matematikos, paly-
ginimas

mokant matematikos dalyko kolegijoje taikomi jvairas
mokymo(si) metodai.

Norint i$siaiskinti studenty gebéjima veikti sava-
rankiskai, svarbu zinoti, kaip studentai patys verti-
na savarankisko darbo svarbg (1 lentelé). Studentams
buvo pateikti keli teiginiai, apibadinantys savarankiska
darbg, kaip reiksmingg mokymosi proceso priemone.
Matematikos dalyko aprase savarankiskas darbas su-
daro 43,75% visy valandy. Dauguma pirmakursiy tiek
2014-2015 s. m. (83%), tiek 2015-2016 s. m. (89%) ir
2016-2017 s. m. (83%) teigia, kad valandy skaicius yra
pakankamas matematikos savarankiskam darbui atlik-
ti. Taip pat studentai tvirtina, kad savarankiskas darbas
padéjo jiems iSmokti dalyko medziagg.

Kolegijoje matematikos savarankiskam darbui at-
likti naudojami grupinio darbo metodai. Grupinio
darbo metodas svarbus mazinant déstytojo ir didinant
studenty indélj. Svarbu, kad kiekvienas grupés daly-
vis sugebéty jsitraukti j darba. Be to, butent grupinio
darbo metu dalyviai geriausiai pazjsta vienas kita, turi

1 lentelé. Studenty gebéjimas dirbti savarankiskai

galimybe bendrauti ir bendradarbiauti. Savarankiska
veikla taip pat apima gebéjima savarankiskai organi-
zuoti ir valdyti patj mokymosi process, stebéti, reflek-
tuoti, jsivertinti savo veiklos pazanga. Atlikto tyrimo
duomenimis, VTDK pirmo kurso studentai patenkinti
savarankisko darbo organizavimu (1 lentelé).

Apibadinant savarankiskg studenty veiklg reikia
aptarti ilgalaikes uzduotis (projektus), kuriuos stu-
dentai atlieka beveik visg pirmg semestra. Studijuojant
suteikiama galimybé ilgalaike uzduotj atlikti savaran-
kigkai, patiems ieskoti atsakymuy. 2 lenteléje pateikta
matematikos dalyko savarankisko darbo ilgalaikiy uz-
duociy pavyzdziy. Uzduotys atitinka matematikos da-
lyko apraso tematika, yra integruotos j kitus dalykus,
siekiant ugdyti studenty gebéjima taikyti skirtingy da-
lyky zinias. Déstytojo vaidmuo $iame procese - inicia-
toriaus ir pataréjo. Atlike uzduotj, igyvendine projekta,
studentai turi galimybe pristatyti savo darbg kolegoms,
tai padeda jiems labiau atsiskleisti, jgyti patirties, dis-
kutuoti, pasakyti savo nuomone, atskleisti savo jsiti-
kinimus nebijant kritikos. Tq teigia ir patys studentai
tyrimo metu.

Siuolaikingje studijy sistemoje studijy sékmei turi
jtakos studenty gebéjimas mokytis. Vienas svarbiy
tokio proceso komponenty yra gebéjimas naudotis ir
valdyti informacijg. Svarbu mokéti rasti tinkamus ir
patikimus informacijos Saltinius, atrinkti reikiama me-
dziaga, ja tvarkyti, susieti ir pan. Kaip tyrime dalyvave
studentai sugeba rasti informacija zr. 3 lenteléje.

Pirmo kurso studentai matematikos savarankiska
darbg atlieka naudodamiesi tiek internetiniais ir bibli-
otekoje esamais Saltiniais, tiek déstytojo paskaity uzra-
$ais, konsultuojasi su déstytoju. Renkantis internetinius
$altinius, svarbu atrasti kokybiskus ir patikimus tinkla-
lapius. Taciau, kaip rodo praktika, internete yra daug
nepatikimos ir nepatikrintos informacijos, o paciy stu-
denty teigimu, jie ne visada geba tai jvertinti. Renkan-
tis informacijg, reikia naudotis naujausiais $altiniais,
t. y. straipsniais moksliniuose zurnaluose, vadovéliais
bei knygomis. Kiek studenty naudojasi internetiniais,
o kiek bibliotekoje esamais $altiniais, tyrimu neissiais-
kinta. Paskaity uzrasai taip pat néra prastas mokymosi
$altinio pasirinkimas, ¢ia svarbus studento dalykiniy ir
didaktiniy kompetencijy lygmuo (3 lentelé).

Déstytojas, kaip pataréjas ir konsultantas, taip pat
svarbus, jis sukuria studenty konsultavimo sistemg ug-
dymo bei mokymo jstaigoje. Tai apima ne tik tiesioginj

20142015 s. m. 2015-2016 s. m. 2016-2017 s.m

Teiginys Teigiami | Neturintys | Teigiami | Neturintys | Teigiami | Neturintys

pasisakymai | nuomonés | pasisakymai | nuomongs | pasisakymai | nuomoneés
L. Zgiﬁﬁﬁjkalaus pakankamas savarankiskam dar- 124 (83%) 5 (3%) 116 (89%) 0 88(83% ) 3(3%)
2. Savarankiskas darbas padéjo iSmokti 123 (82%) 5 (3%) 120 (92%) 0 78(74%) 7(7%)
3. Savaranki$kas darbas patenkino mano lukes¢ius | 116 (77%) | 11(7%) | 112 (86%) 4 (3%) 77(73%) 4(4%)

4. Savarankisko darbo pristatymas padéjo man, kaip o N 0 0 0 o

asmenybei, atsiskleisti 74 (49%) | 18 (12%) | 95(73%) | 13(10%) | 56(53%) 9(9%)
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2 lentelé. Matematikos dalyko savarankisko darbo temos

Matematikos dalyko temos

SavarankiSko darbo temos

I$manaus namo optimalaus gamybos plano sudarymas

Radijo bangomis valdomy léktuvy optimalaus gamybos plano sudarymas

Robotinés véjapjovés optimalaus gamybos plano sudarymas

Alternatyvus $ilumos tiekimas daugiabutyje

Tiesiné algebra.

Tiesioginio pjezoelektrinio efekto taikymas (energijai surinkti i§ aplinkos)

Optimalaus planavimo uzdaviniy sprendimas

Véjo jégainés jrengimas

Automobilio darbinio tario skai¢iavimas

Energijos kaupikliai.

Ekologiskesnis automobilis

Sudétingos grandinés analizé kontiry sroviy metodu

Kompleksiniai skai¢iai

Itampos elektros grandinése skai¢iavimas

Gyvenimiskos situacijos sprendimas, pasitelkiant i§vestines

Diferencialinis skai¢iavimas

I$vestiniy taikymas praktikoje

Ekstremumai Migdoly gyvenvietéje

Jégos atlikto darbo skai¢iavimas

Integralinis skai¢iavimas

Darbo, atliekamo keliant krovinj, skai¢iavimas

Skyscio slégio jégos skai¢iavimas

3 lentelé. Naudojimasis informacijos $altiniais

2014-2015 s. m. 2015-2016 s. m. 2016-2017 s. m.
Studenty skaicius | Procentai | Studentyskai¢ius | Procentai |Studenty skai¢ius| Procentai
Naudojasi internetiniais ir 90 69% 120 80% 86 81%
bibliotekoje esamais $altiniais
Naudojasi déstytojo kon- 79 61% 117 78% 79 75%
sultacijomis, paskaity uZragais

4 lentelé. Savarankisko darbo jtaka galutiniam dalyko pazymiui

Metai 2014-2015 s.m. 2015-2016 s.m. 2016-2017 s.m.
Savarankisko | Galutinis dalyko | Savarankis$ko | Galutinis dalyko | Savarankisko | Galutinis dalyko
Studijy programa darbo pazymys pazymys darbo pazymys pazymys darbo pazymys pazymys
AT* 7,1 6,8 6,6 6,8 7,1 7,4
AE* 8,0 7,1 6,2 6,4 7,7 7,1
MT* 7,3 7,0 7,8 6,5 9,3 8,4

*AT- Automobiliy techninio eksploatavimo studijy programa; *AE- Automobiliy elektronikos sistemy studijy programa; *MT -

Mechaniniy technologijy inZinerijos studijy programa.

studenty konsultavima pagal sudaryta tvarkarastj, bet
ir konsultavimo sistemg virtualioje erdvéje, taip suku-
riama prielaida teikiamy konsultacijy ir akademinés
paramos kokybei gerinti. Tokiy konsultacijy metu stu-
dentai galéty gauti jvairiy rekomendacijy bei naudin-
gu nuorody, pvz. apie savarankisko darbo pristatyma
bei jforminima, literatiiros Saltinius ir pan. Déstytojui
taip pat svarbu zinoti, kaip jis gali suaktyvinti studenta,
kokiy klausimy reikia pateikti. Konsultacijos turinys
virtualioje aplinkoje gali buiti pateiktas jvairia forma:
pristatymais, straipsnio kopijomis, testais, bibliografi-
némis nuorodomis. Visa tai sudaro puikias galimybes
studentui ir déstytojui rinktis patikimag informacija.
Skatinant studenty savarankiSkumg svarbu, kad
studijy tikslai ir rezultatai sutapty su asmeniniais stu-
denty interesais. Studentai turi bati skatinami mokytis
ir veikti savarankiskai. Vienas tokiy savarankiskumg
skatinanciy ir studentus savarankiskai dirbti motyvuo-
janciy veiksniy galéty buti lankstus vertinimo sistemos

sukarimas aukstojoje mokykloje. Studentai semestro
pradzioje turi bati supazindinti su studijy rezultaty
vertinimo tvarka, dalyko programa, tikslais, studijy
rezultatais, déstomyjy dalyky studijy rezultaty vertini-
mo struktiira, savarankisko darbo, kaip tarpinio atsis-
kaitymo komponento, vertinimo kriterijais, Zinoti, ko-
kig jtaka savarankiskas darbas turi galutiniam dalyko
pazymiui. Kolegijoje matematikos dalyko savarankis-
kas darbas sudaro 20% galutinio pazymio. I$ 4 lenteléje
pateiktos informacijos matyti, kad savarankisko darbo
pazymiy vidurkiai ir galutiniy pazymiy vidurkiai tech-
nologijy studijy krypties programose daugeliu atveju
sutampa.

Nagrinéjant savarankisky darby atlikimg ir jverti-
nima, jy rysj su galutiniais pazymiais 2014-2015 s. m.,
2015-2016 s. m. ir 2016-2017 s. m., buvo istirti pen-
kiy AT grupiy, keturiy AE ir dviejy MT grupiy studijy
programy rezultatai (4 lentelé). Pasinaudoje statistinés
analizés metodais, apskai¢iavome struktirinius vidur-
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kius - mediang ir moda, kurios tiksliau apibadina verti-
nimo rezultatus (mediana - viduriné aiginés statistinés
eilutés naré, dalijanti ja i dvi lygias dalis, moda - daz-
niausiai pasikartojanti pozymio reik§mé tiriamojoje
visumoje (populiacijoje ar imtyje) [15].

2014-2015 s. m. bendras galutinio jvertinimo vi-
durkis buvo 7,01, auks¢iausias - 7,33 MT studijy
programoje, Zemiausias — 6,48 vienoje i§ AT studijy
programos grupiy. Mediana visose grupése buvo vie-
noda - 7, vadinasi, pusé studenty gavo maziau negu 7,
o kita pusé - daugiau arba lygiai 7. Moda (t. y. ,,popu-
liariausias pazymys“) galutinio pazymio - {7;8}.Sava-
rankisko darbo 2014-2015 s. m. neatliko 16% studen-
ty. Mediana savarankisko darbo pazymiy AE studijy
programoje lygi 8, AT - 7, o MT - tik 5. Moda AE
grupése — {8}, AT grupése - {6}, {7}, {8;5;9}, MT stu-
dijy programoje — {5}. I$analizavus tyrimo rezultatus,
galima teigti, kad tarp savarankisko darbo ir galutiniy
vertinimo pazymiy egzistuoja stiprus koreliacinis ry-
$ys (koreliacija - reiskiniy savitarpio rysys, jeigu vienas
is jy yra priezastis, kuri nulemia kitus arba yra bendri
veiksniai, darantys jtakg tiems reiskiniams. Koreliacijos
koeficientas - skaicius tarp -1 ir +1). 2014-2015 s. m.
koreliacijos koeficientas lygus 0,77, vadinasi, egzistuoja
gana stiprus rys8ys tarp savarankisko darbo gauto jver-
tinimo ir galutinio dalyko pazymio.

2015-2016 s. m. bendras galutinio jvertinimo vi-
durkis buvo 6,56, t. y. maZesnis negu praeitais studijy
metais. Visy specialybiy bendras galutinio jvertinimo
vidurkis buvo beveik vienodas. Bendra galutinio jverti-
nimo mediana lygi 7 (kaip ir praeitais metais), o moda
(»populiariausias pazymys®) — {5}.Savarankisko darbo
2015-2016 s. m. neatliko 22,5% studenty, o tai viena
i§ priezas¢iy, kodél galutinis pazymys yra zemesnis
negu praeitais studijy metais. Savarankisko darbo jver-
tinimo vidurkiai skiriasi: AT - 6,6; AE - 6,2; MT - 7,8
(4 lentelé). Ypac skiriasi AE specialybés 2015-2016 s.
m. vidurkis (6,2) nuo praeity 2014-2015 s. m. vidur-
kio (8). Bendra savarankisko darbo mediana lygi 6, o
moda - {5}. Sitie rodikliai yra panasiis tam tikrose gru-

5 lentelé. 2016-2017s.m. statistinés analizés duomenys

peése. Koreliacijos koeficientas tarp savarankisko darbo
ir galutinio pazymio 2015-2016 s. m. yra lygus 0,75.
Daugiausiai koreliuoja pazymiai 2015-2016 s. m. MT
grupéje, koeficientas lygus 0,89.Vadinasi, savarankisko
darbo jvertinimas turéjo didele jtaka galutiniam pazy-
miui. Maziausia koreliacija buvo vienoje AE grupéje,
tik 0,45. Sioje grupéje néra auksti ir kiti savarankisko
darbo rodikliai (mediana - 5, moda -{5}). Vadinasi,
galutiniam dalyko pazymiui didesne jtaka turéjo kon-
trolinio darbo ir egzamino jvertinimai. Galutinis $ios
grupés vidurkis yra 6,7, jis mazai skiriasi nuo bendro
vidurkio.

2016-2017 s. m. bendras galutinio jvertinimo vi-
durkis buvo 7,35, galutinio jvertinimo mediana lygi 7
(kaip ir kitais metais), o moda (,,populiariausias pazy-
mys“) — {8} (2015-2016 studijy metais — {5}). Savaran-
kisko darbo 2016-2017 s. m. neatliko 18% studenty.
Bendra savarankisko darbo mediana lygi 8, moda - {8}.
Koreliacijos koeficientas tarp savarankisko darbo ir ga-
lutinio pazymio 2016-2017s. m. yra lygus 0,67 (5 len-
telé).

Studijuodami kolegijoje studentai rengia nemazai
jvairiy savarankisky rasto darby. Paprastai tai yra te-
zés, kursiniai, projektiniai darbai, esé, referatai, prane-
$imai, dokumentinés ataskaitos ir, zinoma, baigiamieji
darbai. Atlikdami Siuos darbus studentai gali tyrinéti
su busima profesine veikla susijusius reiskinius, susipa-
zinti su mokslinio darbo rengimo reikalavimais. Tyri-
mu nustatyta, kad chemijos dalyko savarankiskas dar-
bas pirmo kurso studentams taip pat yra labai svarbus:
kaip jsivertinimo kriterijus; turi jtakos galutiniam da-
lyko rezultatui, studenty jgadziams. Kadangi daugelis
mokiniy mokykloje nepasirinkdavo chemijos dalyko,
dazniausiai pirmo kurso studenty ziniy lygis nebuvo
aukstas. Chemijos dalyko aprase savarankiskas darbas
sudaro 47,5% visy valandy, kaip ir matematikos daly-
kas. Analizuojant chemijos dalyko savarankisko darbo
indélj, buvo apklausti 103 jvairiy technologijy studi-
jy krypties pirmo kurso nuolatiniy ir i$testiniy studi-
ju programy studentai. Tyrimu nustatyta, kad valan-

Studijy Vidurkis Moda Mediana o
programa Savaranlfiéko Galutir}is dalyko Savaranlfiéko Galutirvlis dalyko Savaranlfiéko Galuti{lis dalyko | Koreliacija
darbo pazymys pazymys darbo pazymys pazymys darbo pazymys pazymys
AT 7,1 7,4 7 8 7 8 0,65
AE 7,7 7,1 8 8 8 7 0,68
MT 9,3 8,4 10 9 10 9 0,61
Bendras 7,57 7,35 8 8 8 7 0,67

6 lentelé. Studenty gebéjimas dirbti savarankiskai studijuojant chemijos dalyka

5ot 2016-2017 s. m.
Teiginys R - - : -
Teigiami pasisakymai Neturintys nuomonés
Valandy skai¢ius pakankamas savarankiskam darbui atlikti 103 (100%) 0
Savarankiskas darbas padéjo i$mokti dalyko medziaga 94 (91%) 0
Savaranki$kas darbas atitiko mano likesc¢ius 100 (97%) 3 (3%)
Savarankiskas darbas padeda pasiruosti baigiamajam darbui 90 (87%) 13 (13%)
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dy skaic¢ius pakankamas savarankiskam darbui atlikti,
savarankiskas darbas padéjo i$mokti dalyko medziaga,
atitiko studenty lakesc¢ius. Dauguma studenty mano,
kad savarankiskas darbas padés tinkamai pasiruosti
baigiamajam projektui (6 lentelé).

Respondenty nuomone, atliekant chemijos dalyko
savaranki$kg darbg lavinami tinkamo citavimo, savy
minciy formulavimo bei pateikimo jgudziai. Anali-
zuojant studenty anketas, buvo pabrézti trys savaran-
kisko darbo privalumai: 1) tenka studijuoti, analizuoti
daug literatairos (lankytis bibliotekoje, naudotis Mo-
odle aplinka); 2) analizuoti jvairius dokumentus (va-
dovautis rasto darby rengimo metodinémis rekomen-
dacijomis); 3) tobulinami darbo kompiuteriu jgadziai.
Taigi savarankiska veiklg kolegijoje galima vertinti
kaip studenty galimybe planuoti mokymasi, koreguoti
mokymosi rezultatus, derinant turimas ir jgytas Zinias.
Veiksniai, skatinantys savarankiskumg, priklauso nuo
paciy studenty motyvacijos ir atsakomybeés.

Isvados

1. Viena pagrindiniy studenty rengimo profesinei
veiklai grandziy yra kokybiskai atliktas ir laiku ap-
gintas savarankiskas darbas. Atlikdami savarankis-
ka darbg studentai ugdo profesines kompetencijas,
mokydamiesi tinkamai planuoti ir organizuoti, va-
dovauti ir kontroliuoti. Planavimo kompetencijos
atskleidziamos, kai reikia savarankiskai suplanuoti
darbo uzduoties laikg, turinj. Organizavimo kom-
petencijos ugdomos dirbant komandoje su kolego-
mis, kontrolés kompetencijos - vertinat save, atlikta
darba.

2. Savarankiskumas yra viena pagrindiniy profesio-
nalios asmenybés savybiy. Tg pripazjsta ir tyrime
dalyvave studentai. Apie 77% 2014-2015 s. m. ir
2016-2017 s. m., net 86% 2015-2016 s. m. pirmo
kurso studenty patenkinti savarankisko darbo or-
ganizavimu kolegijoje, kiek maziau (49% 2014-
2015s. m., 73% 2015-2016 s. m., ir 53% 2016-2017
s. m.) teigia, kad matematikos dalyko savarankis-
ko darbo pristatymas padéjo jiems atsiskleisti kaip
asmenybéms. Tai rodo mokymo institucijos siekj
labiau individualizuoti i studentg orientuotas stu-
dijas, kas atitinka Europos aukstojo mokslo reko-
mendacijas.

3. ISanalizavus trejy studijy mety studenty matema-
tikos dalyko rezultatus matyti stiprus koreliacinis
ry$ys tarp savarankisko darbo pazymio ir dalyko
galutinio jvertinimo pazymio (2014-2015 s. m.
r=0,77,2015-20016 s. m. r = 0,75, 2016-2017 s. m.
r = 0,67). Laiku ir kokybiskai atliktas savarankiskas
darbas turi jtakos studento mokymosi rezultatams.
Jeigu studentas neatliko savarankisko darbo arba
gavo neauksta jvertinima, didelé tikimybé jam ne-
pasiekti puikaus studijy rezultaty lygmens.
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Abstract. College syllabus requires students to write
individual papers for most of the courses. The purpose
the aim of individual papers is to collect relevant in-
formation and analyse it using individual approach; or

to complement already known subjects; or to suggest
aim and objectives for further research. First of that
kind student papers cannot be called research papers
but they help to find out individual writing style, they
also help to formulate hypotheses based on the main
theoretical reasoning’s that are related to a topic of an
individual paper. This paper analyses the effectiveness
of student individual papers written for exact subjects
within technological studies programmes.

Keywords: individual work, study programme,
structural average, median, mode, correlation.
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Anotacija. Su trintimi susieta viena svarbiausiy $iuolaikiniy problemy - masiny ir jy mechanizmy dilimas. Dél dilimo
mazéja vidaus degimo variklio galia, didéja kuro sanaudos. Didinant transporto priemoniy ilgaamziskuma bei ilginant lai-
kotarpij tarp tepaly keitimy, svarbi tepimo kokybé. Daznai nesutariama dél tepaly tribologiniy savybiy ir ar tikslinga deéti j
juos priedy. Dauguma tyréjy sprendzia efektyviy tepaly kiirimo problemas ir mazai démesio skiria priedy tyrimams. Vienas
i§ trinties nuostoliy mazinimo ir variklio iStekliy didinimo buidy yra tepalo tribologiniy savybiy tyrimai.

Pagrindinés savokos: tepalas, trintis, priedas, tribologija, charakteristika.

Ivadas

Visy masiny mechanizmus veikia didelis slégis ir
slydimo greitis, auk$ta temperatiira, kartais nepalanki
aplinka.

Su trintimi susieta viena svarbiausiy $iuolaikiniy
problemy - masiny ir jy mechanizmy dilimas [11].
Dél dilimo mazéja vidaus degimo variklio galia, didéja
kuro sgnaudos. Vienas i$ trinties nuostoliy mazinimo
ir variklio darbo istekliy didinimo budy yra geras tepi-
mo savybes uztikrinanciy tepaly naudojimas.

Pagrindiné tepaly paskirtis - sumazinti detaliy
trintj. Be to, tepalas detales ausina, sandarina, apsaugo
nuo korozijos, nuplauna dilimo produktus. Tepalai pa-
renkami taip, kad atitikty besitrinanciy detaliy darbo
salygas. Kadangi tos salygos labai jvairios, gaminamy
tepaly asortimentas didelis.

Tepalai pagal Zaliavos rasj skirstomi j mineralinius,
organinius, pusiau sintetinius ir sintetinius [3].

Atsizvelgiant j aplinkos temperatiirg tepalai skirs-
tomi i sezoninius ir visasezoninius. Atskirg grupe su-
daro Siauriniuose rajonuose naudojami tepalai.

Pagal funkcine paskirtj tepalai skirstomi j darbinius,
konservacinius darbinius, darbinius konservacinius.

Taip pat tepalai klasifikuojami pagal klampumg ir
eksploatacines savybes kiekvienoje $alyje skirtingai.

Pagal baziniy komponenty rasj variklio tepalai
btina mineraliniai, pusiau sintetiniai ir sintetiniai [1].

Mineraliniai tepalai gaminami i§ naftos. Tai daz-
niausiai naudojami tepalai. Sintetiniai tepalai gaunami
sintezés budu. Jy eksploatacinés savybés geros, taigi
ateityje tokie tepalai gali pakeisti tepalus i$ naftos.

Norint pagaminti kokybiskus tepalus, reikia tureé-
ti gerus bazinius tepalus, efektyvius priedus. Varikliy
alyvose priedai sudaro nuo 8 iki 12%. Priedy koncen-
tracijos didinimas brangina tepalus, bet tai ekonomis-
kai naudinga, nes reciau kei¢iant maziau jy reikia.

Pagal paskirtj priedai baina antioksidaciniai, plau-
namieji, disperguojamieji, dilimo, skiriamieji, antifrik-
ciniai, klampuminiai, depresiniai, antikoroziniai, ap-
sauginiai, putiniai.

I automobiliy varikliy tepalus jmaiSomi priedai

skirstomi j jvazinéjimo, eksploatacinius ir atstatomuo-
sius.

Pagal funkcijy skai¢iy priedai skirstomi j vienfunk-
cinius, daugiafunkcinius ir kompozicinius.

Priedai pagal veikimo mechanizmg yra pavirsinio
aktyvumo, chemiskai aktyvis ir netirpis priedai.

Pagal funkcines savybes priedai skirstomi j mazi-
nancius dilimg, apsaugancius nuo uzstrigimo ir antif-
rikcinius priedus.

Apie tiriamy tepaly savybes galima spresti i§ me-
dziagy trinties ir nusidévéjimo savybiy [2].

Didinant masiny ir mechanizmy ilgaamziskuma
bei ilginant laikotarpj tarp tepaly keitimo, svarbi tepi-
mo kokybé. Daznai nesutariama dél sintetiniy tepaly
tribologiniy savybiy ir ar tikslinga déti i juos priedy.
Dauguma tyréjy sprendzia efektyviy tepaly kirimo
problemas ir mazai démesio skiria priedams.

Darbuose [4-8, 10] tiriamos tepaly tribologinés sa-
vybés.

Didelg jtaka trinties nuostoliams daro tepalo poky-
¢iai dél temperatiiros. Kylant temperatiirai mazéjantis
tepalo klampis i$spaudziamas i$ darbinio pavir$iaus.
Tuomet priartéjama prie kritinés tepalo sluoksnio
ribos, kuri batina normaliam trinties poros darbui.
Be to, keiciantis tepalo temperatirai kinta jo vidiné
struktira. Taigi visiSkai aisku, kad kuo tolydziau tepa-
lo temperatara kils ir kuo maziau pakils, tuo geresné
bus tepimo kokybé, padidés tepalo ilgaamziskumas ir
t. t. [9].

Mokslo ir technikos raida atskleidé, kad ilgalaikés
masinos gali buti sukurtos tik sékmingai iSsprendus
teorines ir praktines trinties, dilimo ir tepimo proble-
mas, t. y. tribologijos problemas.

Tepimo medziagos visa laikg tobulinamos ir j rin-
ka patenka vis naujy produkty, todél turi bati nuolat
atliekami tepaly tribologiniy savybiy tyrimai. Jy rezul-
tatai gali padéti spresti masiny ir mechanizmy dilimo
ir darbo istekliy didinimo problemas.

Straipsnio objektas — tepalas, maiSytas su skirtin-
gais priedais.

Straipsnio tikslas - nustatyti, kokia jtaka tepalo
darbinéms charakteristikoms daro priedai.
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Cereska A.

Uzdaviniai:

1. Tepalo su priedais trinties nuostoliy priklausomy-
bés nuo apkrovos tyrimas.

2. Tepalo su priedais temperatiiros poky¢iy priklauso-
mybés nuo laiko tyrimas.

Tyrimy objektas

Tyrimy objektas — sintetinis tepalas su priedais.

Tyrimams buvo naudotas sintetinis tepalas 10W40,
kurio klampis — 3500 Mpas, kai temperatara 30°C, ir
kinetinis klampis 12,5-16,3 mm?/s, kai temperata-
ra 100°C. Tepalo ribiné eksploataciné temperatara —
25°C, uzsalimo temperatira — 30°C. Tyrimams naudo-
ti tepaly priedai uzkoduoti: X1, X2, X3, X4, X5 ir X6.
Eksperimento metu buvo pasirinktas 100 ml sintetinio
tepalo su jame jmaisytu atitinkamu kiekiu tepalo prie-
do. Priedy koncentracija pateikta 1 lenteléje.

1 lentelé. Eksperimentams naudoti tepaly priedai sintetiniame
tepale

Priedas Koncentracija, %
X1 12
X2
X3
X4
X5
X6

(SRR B NRE) B e))

Tyrimai atlikti naudojant stendg, eksperimentams
sudaryta metodika.

Tyrimy stendo principiné schema

Eksperimentai tyrimai atlikti specialiu stendu, kurj
sudaro elektros variklis, variklio stkiy reguliavimo
blokas, apkrovos mechanizmas, tepalo voneleé.

Stendu buvo atlikti tepalo temperataros kilimo, at-
sizvelgiant j apkrova ir laika, tyrimai.

Eksperimentuota su trinties pora — trinkelé - tepa-
las - ritinélis, 1 pav. Specialios formos trinkelé pagamin-

1 pav. Trinties tyrimy stendo principiné schema: 1 - trinkelé, 2 -
ritinélis, 3 - tepalas

ta i$§ bronzos, ritinélis - i§ ketaus, jo skersmuo - 53 mm.
Elektros variklis nuolatinés srovés 0.25 KW galios,
jo stikiy diapazonas — 2000-4500 siik/min.
Prispaudimo jéga F kinta, kei¢iant apkrova. Trin-
ties pora kontakto zonoje tepama panardinus ritinélj 2
j tepalo vonele su tepalu 3. Tepalo temperatiira matuo-
jama termometru.

Tyrimo metodika

Eksperimentuojant su keliais tiriamaisiais objektais
ir norint juos palyginti tarpusavyje, turi butis sudarytos
vienodos eksperimentinés salygos (pradiné temperatia-
ra, ritinélio sukiai, eksperimento trukmé ir t. t.). Va-
dovaujantis $iais reikalavimais visiems tiriamiesiems
objektams buvo sudarytos vienodos pirminés salygos.

Eksperimentai atlikti tokia tvarka:

1. Matuoti elektros variklio laisvieji stikiai ir galia.

2. Variklis sustabdytas, ant jo veleno uzdétas riti-
nélis, j svirtinj mechanizma jdétas jdéklas, o j tepalo
vonele jpilta sintetinio tepalo (su priedu).

3. Uzdéta apkrova 9.8 N.

4. Paleistas elektros variklis.

5. Matuoti galios nuostoliai.

6. Matuota tepalo temperatira.

7. Po eksperimento temperatira matuota kontakto
zonoje.

8. Taip eksperimento eiga nuo 3 iki 7 punkto karto-
ta 5 kartus, nes apkrova buvo 24- 63 N.

Eksperimentas su viena apkrova vyko 5 minutes.
Viso vieno eksperimento trukmé - 25 min. Tempera-
tara ir galia matuotos kas 2,5 minutes.

Tyrimy rezultatai ir aptarimas

Tyrimy metu gauti rezultatai pateikti grafikuose 2,
3 pav.

Lyginant priedus (1 pav.), matomas visy priedy, is-
skyrus priedus X2 ir X5, laiptuotas trinties nuostoliy
didéjimas. Priedai X4, X5 efektingesni, kai apkrovos
mazos.

Trinkelés ir ritinélio temperatiira kontakto zonoje
svyravo nuo 105 iki 120°C.

I§ 2 grafike pateikty eksperimentiniy rezultaty ma-
tyti, kad eksperimentuojant maziausiai kaito sintetinis
tepalas su priedu X6 - 88°C. Tepalo su kitais priedais
temperatiriniai pokyciai buvo tokie: X5 - 91°C, X4 -
93°C, X3 - 95°C, X2 - 98°C ir X1 - net iki 103°C.

Palyginus gautus tyrimy rezultatus matyti, kad tik
keli priedai i$siskiria blogesnémis savybémis

Norint gauti tikslesnius ir i§samesnius rezultatus
eksploataciniai tyrimai turi bati priartinti prie eksplo-
ataciniy tiriamo objekto salygy.

Vadinasi, norint pasiekti efekto, naudoti maziau te-
pimo medziagy, sumazinti tepaly keitimy skaiciy, pa-
ilginti laikotarpj tarp keitimy, prasminga papildomai
naudoti priedus tepalams.
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3 pav. Tepalo su priedais temperatiiros poky¢iy priklausomybé
nuo laiko, sintetinis tepalas su priedais: 1 — X1, 2 — X2, 3 — X3,
4-X6,5-X5,6-X4

Isvados

1. Geriausi rezultatai pagal trinties nuostoliy mazé-
jima gauti eksperimentuojant sintetinio tepalo su
priedu X5, o prasciausi — su priedu X1.

2. Eksperimentuojant su tepalu bei jo priedais maziau-
sias temperatiros pokytis buvo sintetinio tepalo su
priedu X6 - 88°C, o didziausias - sintetinio tepalas
su priedu X1 107°C.

3. Blogiausi rezultatai lyginant trinties nuostolius ir
temperatiiros pokycius gauti sintetinio tepalo su
priedu X1, geriausi rezultatai pagal trinties nuosto-
lius - tepalo su priedu X5, o pagal trinties pokytj —
tepalo su priedu X6.

4. Tepalai yra brangis, o naudojant papildomus prie-
dus tepimo medziagos dar labiau pabrangsta, taciau
priedai labai pagerina tepaly eksploatacines savybes
bei padidina tepamy mechanizmy ilgaamziskuma.
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RESEARCHESOFOIL ADDITIVES INFLUEN-
CEDBY OILS WORKING CHARACTERISTICS

Audrius Cereska

Vilnius Gediminas Technical University
Vilnius College of Technology and Design

Abstract. Attrition of machines and mechanisms is
one of the most important modern problems and is as-
sociated with friction. The internal combustion engine
power decreases and fuel consumption increases as a
result of the attrite. The quality of the lubrication pro-
cess plays an important role in increasing the longevity
of vehicles and extending the period between lubricati-
on changes. However, there is often a controversy over
the tribological properties of lubricants and whether it
is appropriate to add additives to them. Most resear-
chers are solved the problem of creating effective lu-
bricants and do not pay much attention to the use of
additives. Decrease of reduce friction losses and incre-
ase engine work resources is one of the way to study
the tribological properties of the oil.

Keywords: oil, friction, additive, tribology, charac-
teristic.
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AUTOMOBILIO VW 1.8 L VARIKLIO RODIKLIU POKYCIO TYRIMAS
BENZINA PAKEITUS SUSKYSTINTOMIS NAFTOS DUJOMIS
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Anotacija. Straipsnyje pristatomas VW 1,8 | variklio rodikliy pokyc¢io tyrimas automobilyje sumontavus suskystinty
naftos dujy (SND) maitinimo sistema ir benzing pakeitus SND degalais. Tyrimas atliktas naudojant serijinés gamybos VW
Passat B5 automobilio 1,8 litro benzininj variklj (ADR), jis modifikuotas sumontavus turbokompresoriy. ISanalizavus degi-
mo procesg atliktas variklio veikimo ciklo termodinaminiy rodikliy skai¢iavimas, sudaryta slégio kaitos cilindre indikatori-
né diagrama. Atlikus skaitinj modeliavima nustatyti galimi efektyvieji variklio rodikliai, sudarytos variklio galios ir apkrovos
charakteristikos, jvertintas automobilio maksimalaus grei¢io pokytis pakeitus degalus ir sumontavus turbokompresoriy.
Atlikus stendinius automobilio tyrimus nustatytas ekologiniy rodikliy (CO, CO,, CH, NO, koncentracijos iSmetamosiose

dujose) pokytis.

Reik$miniai ZodzZiai: kibirkstinio uzdegimo variklis, turbokompresorius, suskystintos naftos dujos, variklio ekologiniai

rodikliai.

Ivadas

Aplinkosauga ir ekologija yra svarbis $ios dienos
veiksniai. Didziausia jtaka oro kokybei daro mobiliy-
jy tarSos Saltiniy emisijos. Transportas, ypa¢ automo-
biliy, $iuo metu yra vienas didziausiy aplinkos tarsos
$altiniy. Siekiama, kad vidaus degimo varikliai (VDV)
aplinkg ter$ty kuo maziau. Pagrindiniai ter$alai, nu-
lemti jprasty angliavandenilio degaly, yra nesudege bei
i dalies sudege angliavandeniliai (CH), anglies vien-
deginis (CO), azoto oksidai (NO) ir sveikatai kenks-
mingos kietosios dalelés [5]. VDV degimo produktai,
daugiausia CO,, CO, kartu su kitomis $iltnamio efekty
sukelian¢iomis dujomis, kaip metanas ir azoto oksidai,
veikia pasaulinés temperattros kilimg [3].

Tradiciniy degaly (benzino, dyzelino) poreikis vis
didéja, todél ieskoma platesniy alternatyviy degaly pa-
naudojimo galimybiy, siekiant i$vengti esminiy vari-
klio modifikacijy [6]. SND degalai turi didesnj vande-
nilio ir anglies santykj (H/C santykis), kuris rodo, kad
degaluose yra daugiau vandenilio, tokiu budu galima
pasiekti mazesnes variklio anglies monoksido ir an-
glies dioksido emisijas. Taip pat SND savaiminio uz-
sidegimo temperatiira auksta [4]. 1 lenteléje pateiktos
svarbiausios fizikinés ir cheminés suskystinty naftos
dujy ir benzino savybés.

Nustatyta, kad SND degalai turi aukstesnj oktaninj
skai¢iy negu benzinas, todél pasirinkus tokio tipo de-

1 lentelé. Degaly savybés [3]

Fizikinés ir cheminés savybés | Propanas | Butanas | Benzinas
Tankis, (kai 20° C), kg/m’ =510 ~ 580 =720
Zemutinis $ilumingumas, MJ/kg 45,8 45,4 48,6
Oktaninis skaic¢ius =120 ~93 =95
Savalmm}o uzsidegimo 466 405 255-370
temperatira, ° C
Teoriskai butinas oro kiekis,
m’/1m’ dujy (kg/1 kg benz.) 23,8 30,94 14,7

galus galima naudoti aukstesnio slégio variklius, kurie
padidinty variklio naudingo veikimo koeficientg [2].
Didinant kibirkstinio uzdegimo variklio veikimo efek-
tyvumga taip pat bty galima didinti turbokompreso-
riaus pripuatimo slégj, nekeiciant slégio.

Tyrimo tikslas — nustatyti ir jvertinti variklio ener-
getiniy ir ekologiniy rodikliy pokyc¢ius benzing pakei-
tus suskystintomis naftos dujomis ir pritaikius turbo-
kompresoriy.

Tyrimo metodika

Stendiniams tyrimams atlikti naudotas VW Passat
B5 automobilis, turintis 1,8 1 darbinio tario, 92 kW ga-
lios kibirkstinio uzdegimo variklis. ] automobilj buvo
sumontuota ketvirtos kartos dujy maitinimo sistema
(1 pav.) ir turbokompresorius (TK).

1 pav. IV kartos SND maitinimo sistema: 1 - benzino purkstuvas;
2 — deguonies jutiklis; 3 — elektromagnetinis voztuvas; 4 — dujy
balionas; 5 — valdymo blokas; 6 - radiatorius; 7 - reduktorius; 8 -
filtras; 9 - dujy purkstuvai

Atliekant ekologiniy rodikliy poky¢io tyrimg, nau-
dotas automobiliy traukos stendas CARTEC LPS 2510
(2 pav.), kurio techniniai duomenys pateikti 2 lentelé-
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2 pav. Automobilio traukos stende CARTEC LPS 2510 bandomas
automobilis

je ir dujy analizatorius CARTEC CET 2200 C, kurio
techniniai duomenys pateikti 3 lenteléje.

Automobilis traukos stende iSbandytas vaziuojant
ketvirta pavara pastoviu 60, 70, 80 ir 90 km/h grei¢iu
ratus stabdant F = 500 N apkrova. Tyrimai atlikti nau-
dojant:

1. Benzinu veikiantj atmosferinj variklj.

2. SND veikiantj atmosferinj variklj.

3. SND veikiantj variklj su TK.

4. Benzinu veikiantj variklj su TK.

Kai variklis veikia kiekvienu nustatytu rezimu, at-
likti trys jvairiy rodikliy matavimai ir apskaiciuotas vi-
durkis.

2 lentelé. Automobiliy traukos stendo techniniai duomenys [7]

Irenginys Automobilio traukos
Parametras stendas CARTEC LPS 2510
Apkrovos jrenginys Elektromagnetinis

stkuriniy sroviy stabdys

Maksimali matuojama apkrova, t 3,5
DidZiausia stendo matavimo 400
galia, KW
Didziausia stendo stabdymo galia,
KW 360
Matavimo paklaida, % +2

3 lentelé. Dujy analizatoriaus techniniai duomenys [ CARTEC
dokumentacija)

Apradymas ) ) . .
Matavimo ribos Skalés paklaida
Parametras
Dujy analizatorius CARTEC CET 2200 C

CcO 0-9,99 % vol. 0,01 % vol.
Cco, 0-19,9 % vol. 0,1 % vol.

CH 0-9999 ppm vol. 1 ppm

NO 0-2000 ppm vol. 5 ppm
0, 0-25 % vol. 0,01 % vol.

\ (apskaiciuotas) 0,5-2,000 0,001

Remiantis vidaus degimo variklio termodimaminiy
skai¢iavimy metodika [1] atliktas variklio slégio ir tem-
peratiros skai¢iavimas prie$ ir po modifikacijos. Skai-
¢iuojant pasirinkta, kad turbokompresoriaus slégis, kai
variklis pasiekia nominalig galia, siekia p, = 0,14 MPa.

Nustacius pirmo cilindro stimoklj veikiancias jé-

gas apskaiciuotas Sio cilindro indikatorinis sukimo
momentas:

_F-R-sin(¢+p),
- cosf ’

M!

; (1)
¢ia: F - suminé jéga, veikianti stimoklio pirsta isilgai
cilindro asies; R — alk@ininio veleno alkiinés spindulys;
B - kampas tarp $vaistiklio ir cilindro asies:

R-sin(p; @)

sinf =
p L

¢ia: L - $vaistiklio ilgis.
Variklio indikatorinis sukimo momentas apskai-
¢iuotas jvertinus cilindry darbo tvarkg (1-3-4-2):

M,=M!+M}+..+ M} (3)

Ivertinus variklio mechaninj naudingumo koefici-
entg M , apskaiciuotas variklio efektyvus sukimo mo-
mentas:

M,=M,n, (4)
Variklio efektyvioji galia nustatyta naudojant for-
mule:

_My-n

P =
59549 (5)

¢ia: n - variklio veleno sukimosi greitis.
Variklio efektyvioji galia, kai veleno sukimosi daz-
niai jvairus W

2 3
P=P "’f{‘”ﬂ} —{‘”ej (6)
- ®, ®, ®,

Variklio apkrova P_skirtingu automobilio judéji-
mo greiciu apskaiciuota jvertinus galig, bating, norint
jveikti riedéjimo pasiprieSinimg P_ , oro pasipriesini-
mg P__ir nuostolius automobilio transmisijoje P, :

Pup = Pried, + Poro T ptr: (7)

Automobilio maksimalus greitis (v__ ) matyti taske,
kuriame variklio apkrova susilygina su variklio galia
(P, =P).

Energetiniy variklio rodikliy analizé

Indikatorinio slégio priklausomybé nuo cilindro
tario ir alkininio veleno pasisukimo kampo pateikta
3 pav. ir 4 pav. Apskaiciuota, kad, modifikavus vari-
klj (sumontavus SND ir turbokompresoriy), maksi-
malus slégis cilindre padidéja nuo p* = 8,3 MPa iki
PSPHTK = 11,4 MPa (~38 %).

Modifikavus  variklj,

efektyvus sukimo mo-
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5 pav. Variklio galios ir sukimo momento charakteristika (pries ir
po modifikacijos).

mentas, kai variklio galia nominali, padidéja
nuo M = 151,3 Nm iki M2 = 210,7 Nm
(~38 %) (5 pav.). Nominali variklio galia iS$auga nuo
M =92 kW iki M = 128 kKW (~39 %).
Apskaic¢iuota, kad, modifikuoto variklio galia, kai
automobilis vaziuoja v = 120 km/h greiciu, iSauga
nuo P%= =71 kW iki P™57™ = 99 kW (~39 %), o
variklis pasiekia tik P = 25,5 kW apkrova. Nustaty-
ta, kad maksimalus automobilio greitis padidés nuo

vEoe = 198 km/h iki viw ™ =221 km/h (~12 %).

max

Ekologiniy variklio rodikliy pokyc¢io analizé

VW 1,8 1 variklio iSmetamyjy deginiy emisija i$-
tirta atliekant bandymus automobilio traukos stende.
Panaudojant i$metamyjy deginiy analizatoriy i$ma-
tuota anglies monoksido (CO), anglies dvideginio
(CO,), angliavandeniliy (CH) ir azoto oksidy (NO,)
koncentracija iSmetamosiose dujose pateikta 6 pav.

Benzing pakeitus suskystintomis naftos dujomis,
skirtingu variklio veikimo rezimu CO koncentraci-
ja sumazéja nuo ~0,122 % iki ~0,035 % (santykinai
~120 %). Pritaikius TK, CO koncentracija padidéja
tiek varikliui veikiant benzinu (iki ~0.16 %) tiek SND
(iki ~0,09 %). Taciau naudojant TK ir SND, CO kon-
centracija santykinai sumazéja ~26 % palyginti su
benzinu ir ~44 % palyginti su benzinu ir TK.

Uzfiksuota, kad varikliui veikiant benzinu anglies
dioksido koncentracija iSmetamosiose dujose yra
~14,67 %, naudojant SND ~13,86 %, santykinai CO,
koncentracija sumazéja ~ 6 %. Pritaikius TK, CO,
koncentracija naudojant benzing siekia ~14,95 %, o
naudojant SND ~13,5 %. Lyginant modifikuotg vari-
klj (SND + TK) su benzinu, CO, koncentracija santy-
kinai sumazéja ~8 %.

Maziausia angliavandeniliy koncentracija uzfik-
suota varikliui veikiant benzinu - ~22,5 ppm. Nau-
dojant SND, CH koncentracija iSauga iki ~27,3 ppm
(santykinai iSauga ~21 %), o pritaikius TK, SND padi-
déja iki ~34 ppm (santykinai iSauga ~51 %), veikiant
benzinu, padidéja iki ~55 ppm (santykinai iSauga
~144 %).

Varikliui veikiant benzinu i$matuota azoto oksidy
koncentracija ~899 ppm. Naudojant SND, NO_kon-
centracija iSauga iki ~1968 ppm (santykinai iSauga
~119 %). Naudojant SND ir pritaikius TK, NO_kon-
centracija sumazéja iki ~770 ppm (santykinai suma-
zéja ~14 %). Naudojant benzing ir pritaikius TK, NO_
koncentracija sumazéja iki ~533 ppm (santykinai su-
mazéja ~40 %). Lyginant benzing + TK su SND + TK,
NO, koncentracijos sumaZzéjimas santykinai siekia
~31%.

Isvados

Atlikus automobilio VW Passat B5 1.8 1 variklio ter-
modinaminiy rodikliy poky¢iy teorinius skai¢iavimus,
benzing pakeitus suskystintomis naftos dujomis (SND)
ir pritaikius turbokompresoriy (p, =0,14 MPa), nu-
statyta modifikacijos jtaka variklio energetiniams ro-
dikliams:

1. Maksimalus slégis cilindre padidéja nuo
pf= 83 MPa iki p™7™= 114 MPa
(~38 %). Nominali variklio galia iSauga nuo
Pfr= 92 kW iki P91 = 128 kW (~39 %). Mak-
simalus greitis padiaéja nuo vX* =198 km/h iki
VK =291 km/h (~12 %).

max -
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6 pav. Variklio ekologiniy rodikliy pokytis pritaikius TK ir SND degalus: (a) - anglies monoksido (CO) koncentracija; (b) — anglies
dvideginio (CO,) koncentracija; (c) - angliavandeniliy (CH) koncentracija; (d) - azoto oksidy (NO,) koncentracija i§metamosiose
dujose

2.

Energetiniai variklio rodikliai padidéja, nes turbo-
kompresorius pagerina cilindry pripildyma degiojo
misinio ir, cilindre i$siskyrus didesniam energijos
kiekiui, atliekamas efektyvesnis darbas.

Siekiant i$vengti variklio defekty dél didesnio me-
chaninio ir $iluminio poveikio reikia atlikti detaliy
atsparumo vertinima.

Atlikus variklio stendinius tyrimus nustatyta modi-
fikacijos jtaka ekologiniams rodikliams:

CO koncentracija i$metamosiose dujose sumazéja
nuo ~0,122 % iki ~0,09 % (santykinai ~26 %). CO,
koncentracija sumazéja nuo ~14,67 % iki ~13,5%
(santykinai ~8 %). CH koncentracija iSauga nuo
~22,5 ppm iki ~34 ppm (santykinai ~51 %). NO_
koncentracija sumazéja nuo ~899 ppm iki ~770 ppm
(santykinai ~ 14 %).

COir CO, koncentracija sumazéjo, nes SND sudeéty-
je yra maziau anglies, be to, naudojant SND, degusis
misinys turi didesnj oro pertekliy. CH koncentraci-
ja iSaugo, nes SND léciau dega, be to, naudojant TK,
voztuvy perdengimo metu dalis nesudegusiy dujy
patenka tiesiai j i$metamyjy dujy srautg. NO, kon-
centracijos sumazéjimg galima paaiskinti Zemesne
SND degimo temperatiira ir létesniu degimu.

Literatara

. Butkus, A. Vidaus degimo varikliy projektavimo pagrindai.

Vilnius: Technika, 2009.

. Cinar, C; Sahin, E; Can, O.; Uyumaz, A. A comparison of per-

formance and exhaust emissions with different valve lift pro-
files between gasoline and LPG fuels in a SI engine. 2016. Ap-
plied Thermal Engineering 107: 1261-1268.

. Lata, D. Investigation of dual fuel diesel engine with hydrogen

and LPG fuel. Birla Institute of Technology, Mesra, Ranchi.
2012.273 p.

. Porpatham, K.R. Effect of piston geometry on performance

and emission characteristics of an LPG fuelled lean burn SI
engine at full throttle condition. 2017. Applied Thermal Engi-
neering 110: 1051-1060.

. Rakopoulos, D. C.; Hountalas, D. T.; Kakaras, E. C.; Giakou-

mis, E. G.; Papagiannakis, R. G. Investigation of the perfor-
mance and emissions of bus engine operating on butanol/die-
sel fuel blends. 2010. Fuel 89: 2781-2790.

. Suyabodha, A. Comparison the Rate of Energy Consumption

between Gasoline95 and LPG in Spark Ignition Engine under
Real Driving Conditions. 2017. Energy Procedia 118: 164-171.

. Snap-on Equipment GmbH, CARTEC Chassis dynamometers

LPS for cars. Germany, 8 p.

[interaktyvus] [Ziaréta 2017m. Kovo 28d] nuorodg j interneti-
nj puslapj: http://gazeo.com/automotive/technology/Autogas-
system-generations,article,6486.html



34 Rimkus A., Baranauskas A. V., Vipartas T., Melaika M., Varabauskas D.

PARAMETERS VARIATION RESEARCH
OF VW VEHICLE 1.8L ENGINE, RUNNING
ON LIQUIFIED PETROL GAS INSTEAD OF
PETROL FUEL
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Abstract. Paper presents the change of parameters
of VW 1.8 L engine which has a liquified petrol gas
(LPG) fuel supply system and it is running on LPG fuel

instead of petrol. Research was carried out using serial
VW Passat B5 light vehicle with a 1.8 liter petrol en-
gine (ADR), which was upgraded with a turbocharger.
The calculation of thermodynamic indicators was car-
ried out in order to analyse the combustion process,
the indicating pressure trace of cylinder pressure is
given. The efficient engine parameters, engine power
and torque characteristics, maximum vehicle speed
were determined using numerical calculations when
the engine is running on different fuel type and having
turbocharger. The variation of ecological parameters
(CO, CO,, CH, NO,) was determined in exhaust gas
during the vehicle dyno tests.

Keywords: spark ignition engine, turbocharger,
liquified petrol gas, engine ecologic parameters.
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Anotacija. Keleiviy ir kroviniy saugumas transporto priemonése yra vienas pagrindiniy siekiy. Jei transporto priemoné
atsitrenkia j kliatj, susidaro didelé kinetiné energija, kuri neigiamai veikia keleivius ir krovinj.

Straipsnyje pateikiamas sukurtas ir tiriamas mechanizmas, kuris gali buti jrengtas transporto priemonéje. Smugio i
kliatj metu jis susidariusia kinetine energija pavercia kitomis energijos rasimis. Gaminys projektuojamas kaip hidraulinis,

pneumatinis ir mechaninis mechanizmas.

Sukurtas veikiantis modelis yra i$bandytas laboratorijoje. Tirtas mechanizmo kinetinés energijos pokytis smagio j klitt
metu, analizuojama greicio jtaka kinetinés energijos dydziui, hidraulinio, pneumatinio ir mechaninio mechanizmo parame-
try jtaka kinetinés energijos dydziui kontakto metu ir kinetinés energijos slopinimas.

Pagrindinés savokos: automobilio saugumas; hidraulinis mechaninis mechanizmas; kinetinés energijos slopinimas.

Ivadas

Pastaruoju metu ypac riipinamasi automobiliy sau-
gumu. Keleiviy ir kroviniy saugumas yra vienas pa-
grindiniy transporto saugumo didinimo uzdaviniy.

Tikslas — suprojektuoti mechanizma, slopinantj ki-
netine energija, kuri susidaro automobiliui judant ir
atsitrenkus j kliatj, kontakto metu.

Problema. Kinetinei energijai slopinti po susida-
rimo ir paversti kita energijos ra$imi naudojami jvai-
ris mechaniniai, hidrauliniai bei pneumatiniai jtaisai.
Energija slopinantis mechanizmas turi silpninti smi-
gio energija ir taip panaikinti smiigio metu susidarantj
energijos poveikj transporto priemonéje (automobi-
lyje) esantiems keleiviams ir vairuotojui, kroviniams.
Toks mechanizmas suteikty galimybe atsisakyti saugos
oro pagalviy ar baty kaip papildomas pasyvaus saugu-
mo elementas. Energijg slopinantis gaminys projek-
tuojamas kaip hidraulinis, pneumatinis ir mechaninis
mechanizmas, nes kiekvienas $iy mechanizmy tipas
turi ypatybiy, kurias tikimasi optimaliai panaudoti.

Uzdaviniai:

1. Susipazinti su esamais panasiy mechanizmy paten-
tais.

2. I$nagrinéti hidraulinio mechaninio pneumatinio
mechanizmo veikimo principus.

3. Suprojektuoti mechanizmo modelj.

4. Apibendrinti bandymy matavimy rezultatus.

Kinetinei energijai slopinti smigio metu gali-
ma naudoti hidraulines, pneumatines ir mechanines,
elektromagnetines sistemas. Yra sukurta hidrauliné
sistema (patentas US 2010/0122864 A1), kurios déka
mazinama vaziuoklei tenkanciy smugiy jéga, taip pat
naudojama ir pneumatiné sistema vaziuoklés elemen-
ty smugiams slopinti (patentas CN 201989737), regu-
liuojamas amortizatorius (patentas DE 10 2010 051
872 Al). Vaziuokléje montuojami jvairis mechani-
niai saugumo mechanizmai (patentas CN201833977,
WO02013137516 A1), mazinantys automobiliy kontak-

to jégas. Gali buti naudojami ir mechaniniai jrenginiai
[1, 4]. Mechanizmo konstrukcijos i$samiai aprasytos
Georgo Pionteko , Stanislavo Gumulos ir Premyslavo
Lagievkos darbuose. Juose pristatomas mechanizmas,
kuris tiesiaeigio judéjimo jéga kei¢ia smagracio suki-
mosi inercijos momentu.

Metodika. Sukurtas mechanizmo veikimo teorinis
modelis ir atlikti eksperimentiniai tyrimai.

1. Sukurto hidraulinio mechaninio
pneumatinio mechanizmo schema ir veikimo
principas

Automobilyje, kurio masé m, sumontuotas ener-
gija slopinantis hidraulinis pneumatinis mechaninis
mechanizmas pasyviam automobilio saugumui didinti
(1 pav.). Automobilis sujungtas su buferiu, kurio masé
m,. Tarp automobilio ir buferio susidaro tam tikras
standumas k , ir smigio slopinimas ¢ ,. Kai automo-
bilis atsitrenkia j kliatj (jos standumas k, ir smigio
slopinimas c), prie automobilio buferio sumontuota
mechanizmo dalis pradeda judéti grei¢iu v,. Judéda-
ma mechanizmo svirtis hidrauliniame cilindre, desi-
néje puséje, spaudzia skystj, taip didindama slégj p..
Hidraulinio cilindro stamoklio plotas i$ kairés ir desi-
neés pusiy yra A, ir A,. Hidraulinis cilindras prislopina
pradinj smuagj. Cilindre esancios skylutés kiek sulygina
slégj hidraulinio cilindro abejose pusése (p, ir p,).

Krumpliastiebis, prie kurio prijungta svirtis nuo bu-
ferio per hidraulinj cilindrg, nuo smugio juda j desine
sukdamas mechanizmo krumpliaratj (pazymétas krum-
pliaracio spindulys R ant adies O,, ji vadinsime pirmuoju
krumpliara¢iu). Smugio metu krumpliastiebis judéda-
mas desinén jsuka mechanizmg ir gale (nuslinkes j de-
$ing iki ribinés padéties desinéje) praranda kontakta su
krumpliaraciu, kurio spindulys R,, palikdamas mecha-
nizmo krumpliaracius ir kitus elementus suktis, judéti.

Ant adies O, sumontuotas ir kitas krumpliaratis
(spindulys R , ji vadinsime antruoju krumpliaraciu), ku-
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ris su pirmuoju sujungtas velenu. Sis krumpliaratis (R,)
yra sukibes su krumpliaraciu R, (tre¢iuoju krumpliara-
¢iu) ant adies O,. Krumpliaratj R, suka krumpliaratis R,.
Krumpliaratis R, yra ant aies O, sujungtas asimi su
smagraciu (arba galima vadinti ketvirtuoju krumplia-
ra¢iu), kurio spindulys R . Taip pat ant aies O, sumon-
tuotas skriejikas, jo ilgis L,,. Sukdamasis per $vaistiklj
L, pneumatiniame cilindre (cilindro stimoklio plotas
A)) jis generuoja slégj p,. Pneumatinis cilindras slopina
smagracio (ir viso mechanizmo) kineting energija.

Skriejiko svorio centras nuo asies O, nutoles atstu-
mu R iki tasko C_, o $vaistiklio svorio centras C_ nuo
skriejiko $vaistiklio sujungimo tasko O, yra nutoles
atstumu L. Ant $vaistiklio sumontuotas papildomas
strypas L, ilgio, kurio gale (taskas C_,) yra papildoma
masé m,, besisukanti apie taskg O,.

Svaistiklio kitame gale, nuo tasko 0, nutoles atstu-
mu L (priesinga pneumatiniam stimokliui kryptimi),
taske O, yra L ilgio papildomas strypas. Jo gale taske
C,, sumontuota papildoma masé m .

Pirmasis krumpliaratis savo sukimosi asies O, at-
zvilgiu gali suktis ¢, kampu, taip pat judéti dél tampru-
mo X aSies kryptimi ir Y a$ies kryptimi.

Mechanizmo konstrukcija ir parametrai turi bati
tokie, kad hidraulinis cilindras, mechaniné krumplias-
tiebio ir krumpliaraciy bei skriejiko $vaistiklio sistema
su papildoma mase ant strypo bei pneumatinis cilin-
dras maksimaliai slopinty kinetine energija, gauta au-
tomobilio smugio metu j kliatj. Taip pat automobilio
judéjimo greitis turéty maksimaliai mazéti, taciau au-
tomobilio pagreic¢io dydis islikti saugus.

2. Mechanizmo modelis

Pagal projektuojama schema (1 pav.) pagamintas
hidraulinio mechaninio pneumatinio mechanizmo
modelis. Gaminant modelj, konstrukcija projektuota
taip, kad buty galima bandymy metu keisti mechaniz-
mo parametrus.

Modelis pagamintas taip, kad buty galima keisti po-
tencine energija uzdedant arba nuimant nuo vezimélio
smagracius. Yra 8 mazesni ir 6 didesni smagraciai.

Taip pat hidraulinj cilindra, pavaizduotg schemo-
je 1 pav., modelyje pakeicia reguliuojamas hidraulinis
smiugio slopintuvas MA3325EUM .
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1. pav. Mechaninio hidraulinio pneumatinio jrenginio transporto priemonés kinetinei energijai smiigio metu slopinti schema

a)

b)
2 pav. Mechaninis hidraulinis pneumatinis jrenginys transporto priemonés kinetinei energijai smagio metu susilpninti smuagj j kliatj:
a) vaizdas i$ Sono, b) vaizdas i$ virSaus
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Vezimélio su hidrauliniu mechaniniu pneumatiniu
mechanizmu modelio nuotraukos pateiktos 2 pav.

3. Vezimélio su mechanizmu bandymai

Vezimélio vaziavimo kelio ilgis yra 3 metrai. Kons-
trukcija pagaminta taip, kad galima keisti kelio posvy-
rio kampg . Taip kei¢iamas vezimélio judéjimo greitis
ir gaunama skirtinga energija vezimélio kontakto su
kliatimi metu (3 pav.).

3 pav. Bandymy metu vezimélio vaziavimo kelio posvyrio kampo
B keitimo schema

Aukstis kei¢iamas nuo 290 iki 1290 mm, tokiu
badu galima keisti posvyrio kampa 3 nuo 5,55 iki 25,46
laipsnio.

Kinetinés energijos kaitai svarbi vezimélio su me-
chanizmu masé, todél buvo nustatyta kiekvienos de-
talés ar mazgo masé. Vezimélio su mechanizmu masé
bandymy metu kei¢iama nenaudojant hidraulinj smu-
gio slopintuvo, kei¢iant smagraciy skaiciy ir dydzius.

Buvo sudarytas matricinio tipo bandymy planas, ku-
riame numatyta dél matavimy tikslumo kiekvieng ban-
dyma kartoti 3 kartus. Taciau atliekant bandymus pagal
sudaryta bandymy plang, kada vezimélis su visais sma-
graciais buvo leidziamas i§ 21,30° posvyrio kampo (auks-
tis hi=1090 mm), vezimélio konstrukcija neatlaiké. Vie-
no i§ mechanizmo krumpliaraciy tvirtinimas suvirinimu
buvo nukirptas dél dideliy poveikio jégy kontakto j klittj
metu. Bandymy planas buvo pakeistas, apsiribojant ba-
dymais iki 21,30° posvyrio kampo (aukstis h=1090 mm).

4. Bandymy matavimy rezultatai

IS 4 pav. grafiko matome, kad 69 procentais paddi-
déjus posvyrio kampui p ( nuo 5,55 iki 9,40 laipsnio)
didziausias teigiamas vezimélio pagreitis iSauga apie
108 procentus.

Kai posvyrio kampas mazas (5,55 laipsnio) ir su-
montuoti visi smagraciai, vezimélio pagrei¢io maksi-
malus dydis 25 procentais didesnis, nei tik su mazais
smagraciais. Pasirinkus posvyrio kampg (9,40 laipsnio)
ir sumontavus visus smagracius, vezimélio pagreicio
maksimalus dydis 20,8 procentais didesnis, nei tik su
maZais smagraciais.

Kai posvyrio kampas mazas (5,55 laipsnio), amor-
tizatorius mazina didziausia vezimélio pagreitj 4,58
karto ir 2,79 karto, kai posvyrio kampas didesnis (9,40
laipsnio).
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4 pav. Smagraciy ir amortizatoriaus slopinimo jégos tyrimo kreivés
vezimélio pagreiciui slopinti (apraSomi aktualas bandymai, kur
1SAM, 2SAM, 1SAMMD, 2SAMMD, 1M, 2M yra bandymy kodai
bandymy matricoje; amortizatorius 9 - didZiausia hidraulinio
smugio slopintuvo galia; smagraciy apibudinimas - vezimélio
mechanizme bandymo metu sumontuoti smagraciai)

5. Isvados

1. Atlikus bandymus ir i$analizavus bandymy rezulta-
tus, nustatyta, kad dél gamybos ir surinkimo me-
chanizmo trintis tarp atskiry detaliy didesné. Dél
$ios priezasties negalima nustatyti $arnyrinés me-
chanizmo dalies jtakos pagreiciui.

2. Atliekant bandymus negalima buvo tvirtai jtvirtinti
konstrukcijos prie pagrindo, kad bity nesugadinta
patalpy grindy danga. Taigi bandymy metu dél ju-
déjimo ar papildomy vibracijy galéjo buti gauti ne-
tiksliis matavimai.

3. Bandymy metu nustatyta, kad smugio slopintuvas,
kuris buvo naudojamas kaip hidraulinis cilindras,
yra efektyvesnis pagreic¢iui mazinti, kai kelio posvy-
rio kampas mazesnis (t. y. maZzesnis greitis).

4. Bandymy rezultatai parodé, kad smagraciai efek-
tyviau mazina pagreitj, kai didesnis kelio posvyrio
kampas (t. y. didesnis greitis).

5. Gavus bandymy rezultatus, galima daryti i§vada,
kad norint naudoti hidraulinj mechaninj pneuma-
tinj smugio slopinimo (energija slopinantj) jrenginj
kiekvienu atveju turi baiti nustatomi smigio slopi-
nimo mechanizmo parametry dydziai.
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Abstract. The article describes and analyses a me-
chanical device designed to enhance safety of a mo-
tor vehicle. The topic is addressed by analysing how
to absorb kinetic energy during a car collision with an
obstacle. The article analyses opportunities to convert
motor vehicle’s kinetic energy into another type of en-
ergy in the case of collision. For this purpose, various
mechanical, hydraulic or pneumatic devices are nor-
mally used. Such devices are designed to absorb colli-
sion energy and reduce or eliminate its impact on the
driver, the passengers or cargo in the motor vehicle.
The absorber may be used as an additional element
of safety to the passenger and the cargo. The energy
absorber described in the present article incorporates
hydraulic, pneumatic and mechanical components.
There are presented physical model scheme, models’
photos and a description of the tests.
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Anotacija. Matematiniai modeliai yra naudingi kuriant ir diegiant naujas sistemas. Procesy, kurie negali
bati i§samiai nagrinéjami, modeliams kurti taikoma procesy ir parametry identifikacija. Daznai kylanti pro-
blema - tinkamo identifikavimo metodo ir programinés jrangos parinkimas. Straipsnyje aptariami procesy
identifikavimo pagrindiniai etapai, apzvelgiami svarbiausi kintamosios srovés varikliy parametry identifika-
vimo metodai, i$skiriami simpleksinés paieskos metodai, atlikta identifikavimo programinés jrangos apzvalga.
Nustatyta, kad dauguma identifikavimo metody turi jvairiy trikumy. Metodo pasirinkimas taip pat priklauso

nuo nagrinéjamos sistemos pobudzio.

Pagrindinés savokos: kintamosios srovés varikliai, paieSkos optimizacija, parametry identifikavimas, simpleksiné paieska.

Ivadas

Technologijy kiirimo, diegimo ir adaptacijos tru-
kme galima paspartinti pasirinkus matematinius siste-
my ir procesy modelius. Naudojant modelius galima
tirti sistemy dinamikg ir atsakg j trikdzius. Tai yra ypac
naudinga, kai tyrimus pavojinga atlikti realioje siste-
moje arba kai tiriamas technologijy funkcionalumas
ekstremaliomis salygomis.

Taciau egzistuoja procesai, kuriy matematinius
modelius sudaryti sudétinga ar net nejmanoma, nes
désniai, lemiantys tokiy procesy pobidj, mazai Zinomi
arba nezinomi visiskai.

Kai teorinis modeliavimas yra nejmanomas arba
nepraktiskas ir nepatogus, procesams modeliuoti daz-
nai taikoma procesy ir jy parametry identifikacija.

Tokiais atvejais svarbiausi sistemos parametrai yra
identifikuojami tik i§ eksperimentiniy jéjimo ir i$éji-
mo duomeny. Toks sudarytas modelis yra vadinamas
empiriniu proceso modeliu, o0 modeliavimo metodas -
procesy identifikavimu [17].

Sudarant kintamosios srovés varikliy modelius, stato-
riaus aktyviaja varza, rotoriaus aktyvigja varza, statoriaus
savgjj induktyvuma, rotoriaus savajj induktyvuma, stato-
riaus ir rotoriaus abipusj induktyvumg ir rotoriaus iner-
cijos momenta sunku nustatyti eksperimentiskai, todél
$iems parametrams rasti taikomi jvairts identifikacijos
metodai [9]. Daznai kylanti problema - tinkamo identifi-
kavimo metodo ir programinés jrangos parinkimas.

Tikslas — apZzvelgti ir palyginti jvairius kintamosios
srovés varikliy parametry identifikavimo metodus.

Uzdaviniai:

« ISnagrinéti empiriniy modeliy sudarymo procediira.

« Apzvelgti ir palyginti dazniausiai naudojamus kin-
tamosios srovés varikliy parametry identifikacvimo
metodus.

o Aptarti programinius rinkinius, naudojamus para-
metry identifikacijai.

Procesy identifikavimas

Procesy identifikavimo (empirinio modelio suda-
rymo) procediirg galima suskirstyti i $iuos etapus:

1. Duomeny ir parametry jvertinimas. Jéjimo ir iSé-
jimo charakteristikos gaunamos eksperimentiskai, var-
totojui pasirenkant matuojamus signalus. Sioms cha-
rakteristikoms daznai taikomi jvairas apribojimai, kad
gauta informacija buty informatyvi ir tiksli.

2. Modeliy rinkinio parinkimas. Sis etapas supranta-
mas kaip modeliy parinkimas i$ tam tikro modeliy rinki-
nio. Modelio struktiira yra parenkama, i$analizavus jéjimo
ir is¢jimo duomenis, nustatant, kuri modelio struktira la-
biausiai atitikty nagrinéjamos sistemos pobidi.

3. Geriausio modelio i$rinkimas. Modelio kokybé
jvertinama, atsizvelgiant i identifikacijos metu gautus
parametrus.

Pasirinktas modelis gali buti netinkamas deél iy
priezasciy:

1. Pasirinktu identifikavimo metodu negalima rasti
tinkamo modelio pagal pasirinktg kriterijy.

2. Kriterijus buvo pasirinktas netinkamai.

3. Netinkamai pasirinktas modeliy rinkinys.

4. Naudoti duomenys nebuvo pakankamai tiks-las
[12].

Kintamosios srovés varikliy parametry
identifikavimo metody apzvalga

Asinchroniniai varikliai yra placiausiai pavarose
naudojami energijos keitikliai dél konstrukcijos pa-
prastumo, mazy eksploatacijos sagnaudy, patikimumo
ir efektyvumo [11].

Be klasikinio metodo, kuomet variklio parametrams
identifikuoti naudojami nuolatinés srovés, trumpojo
jungimo ir tuséiosios veikos bandymai [1, 9], kintamo-
sios srovés varikliy parametrams identifikuoti taip pat
taikomi maziausiy kvadraty metodas, Kalmano filtras
ir simpleksinés paieskos metodai [14].

Maziausiy kvadraty metodo tikslas yra sumazinti
skirtumg tarp eksperimentiskai gauty ir apskai¢iuoty
verciy:

V,V(G,ZNF%ZO(I)—y(tI9))2 (1)
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¢ia 0 - identifikuojamy parametry vektorius, Z~ - jéji-
mo ir i$é¢jimo parametry vektorius, y(¢) ir y(¢|0) - iSma-
tuotos ir apskaiciuotos parametry vertés [13].

Maziausiems kvadratams minimizuoti naudojamas
Gauso-Niutono algoritmas, kurj plac¢iau nagrinéjo
Cochran [2].

Maziausiy kvadraty metodas gali bati naudojamas
asinchroniniy varikliy parametry identifikacijai [19],
taip pat kitiems optimizavimo ir identifikavimo uzda-
viniams spresti.

Kaip $io metodo trikumai literatiiroje minimi ne-
patikimumas kilus trukdziams ir identifikuoty verciy
taikymas tik vienai variklio srovés vertei [16].

Kalmano filtras yra rekursinis filtras, kuriuo atlieka-
mas tiesinés dinaminés sistemos momentinés biisenos
vertinimas, kai sistema yra veikiama Gauso triuk§mu
su normaliu pasiskirstymu. Kalmano filtras yra skirtas
proceso buisenai xe+R” vertinti, kai procesas yra ap-
raSytas vektorine ir matricine formomis, pateiktomis
tiesinémis diferencialinémis lygtimis:

Xx=Fx+w, (2)

kur x yra biisenos kintamujy vektorius xe+R" Kiekvie-
nas $io vektoriaus kintamasis yra sistemos biiseng ap-
radantis parametras. F — sistemos matrica, kuri apraso,
kaip sistemos busena keiciasi laiko poziariu, w — atsi-
tiktinis triuk§mo vektorius, apibiidinantis neapibréz-
tumg ar patikimumg musy sistemos modelyje.

Kalmano filtravimo proceso algoritmas yra sudary-
tas i§ dviejy etapy - prognozavimo ir korekcijos, kurie
atliekami $esiais etapais (1 pav):

+ Nustatomas diskretaus laiko sistemos modelis ir
dinaminio proceso lygtys, matavimy lygtys ir susije
parametrai.

o Prie$ filtravimo procesg turi buti apibréztos pradi-
nés bisenos ir klaidos kovariacijos matricos.

 Ivertinamos esamos biisenos ir kovariacijos matrica
naudojama nuspéti kitai sistemos biisenai.

o Atliekamas Kalmano stiprinimo matricos skai¢iavi-
mas.

« Gaunama nauja matavimy seka.

o Apskaic¢iuojama nauja kovariacijy matricos verté
[15].

Kalmano filtras gali bati naudojamas asinchroniniy
varikliy parametry identifikacijai [20] ir jvairiy gedi-
my paieskai [21].

Kalmano filtro pagrindinis trikumas yra tas, kad
identifikuojant pasirenkama tiesiné sistema ir jos ma-
tematinis modelis, o realios sistemos dazniausiai yra
netiesinés [10].

Simpleksinés paieskos metody sudarymo
principai

Tarp gradientiniy, atsitiktinés paieskos ir kity me-
tody naudojami ir simpleksinés paieskos metodai:
nuoseklus simpleksinis metodas, Nelder-Mead — kin-

tamo dydzio ir Zingsnio algoritmas be galimybés grjzti,
sta¢iakampés simpleksinés paieskos metodai.

Euklidinéje k-matéje erdvéje k-matis simpleksas
yra figiira, sudaryta i$ k+1 tasky (virSaniy). Vienmatéje
erdvéje simpleksas yra atkarpa, dvimatéje erdvéje - tri-
kampis, trimatéje erdvéje — trikampé piramidé (tetrae-
dras) ir t. t. Simpleksas yra reguliarus, jeigu briaunos S
tarp vir$tniy yra lygios.

I$ bet kokio simplekso, atmetus vieng vir$ine, gali-
ma gauti naujg simpleksa prie likusiy vir$tuniy pridéjus
naujg taska. Norint jvertinti simplekso judéjimo kryp-
tj, visose vir§iinése V, j=1,...,k+1 turi bati matuojamos
ir jvertinamos tikslo funkcijos reik§meés. Ieskant mak-
simumo, tikslingiausia judéti nuo vir$iinés, turincios
maziausig funkcijos reik$me, link prie$ingos simplek-
so briaunos (1 pav). Naujos vir§anés koordinatés skai-
¢iuojamos taip:

H
X,

si %
Cia: x, - i-0ji vir$inés V_koordinate.

(x; + x5 + WX T Xy Tt xk+l,i) —Xis (3)

Xy

1 pav. Nuoseklaus simplekso judéjimas tikslo link dvimatéje
erdvéje

Pastovus simplekso dydis negarantuoja judéjimo
dideliu greic¢iu paieskos pradzioje ir tikslaus ekstremu-
mo suradimo optimizacijos pabaigoje. Siekiant greito
ir tikslaus uzdavinio sprendimo, reikia keisti simplekso
dydj [3, 6, 7]. Tam gali bati naudojamas Nelder-Mead
kintamo dydzio simplekso algoritmas (2 pav).

2 paveiksle cc, m, ¢, rir s raidémis yra Zymimos nau-
jos gautos virSanes.

Staciakampé simpleksiné paieska gali apriboti sim-
plekso orientacijy skaic¢iy, kai valdomy kintamyjy yra
daugiau nei du, vadinasi, jmanoma taikyti daugiary-
$es Markovo grandines paie$kos analizés ir algoritmy
sintezés uzdaviniams spresti. Kai trukdziai mazi, regu-
liaraus simplekso paieskos efektyvumas yra didesnis
negu stac¢iakampés simpleksinés paie$kos, kai pirma
pradinio simplekso orientacija, taciau dideliy trukdziy
aplinkoje staciakampés simpleksinés paieskos greita-
veika kopiant yra didesné [3].

Simpleksinés paieskos metodai gali biiti naudojami
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x(n+1)

2 pav. Simpleksas sudarytas pagal Nelder-Mead algoritma
dvimatéje erdvéje

sinchroniniy generatoriy valdymo sistemose [5], sto-
chastiniy automatinio valdymo sistemy algoritminéje
sintezéje [4], PID reguliatoriams derinti [18].

Atliekant identifikavimo metody analize matyti,
kad dauguma naudojamy kintamosios srovés varikliy
parametry identifikavimo metody turi jvairiy triku-
my, todél siiloma metodams pagerinti naudoti ner-
aiskiajg logika, genetinius algoritmus ir neuroninius
tinklus.

Identifikavimo programinés jrangos apzvalga

Procesams ir parametrams identifikuoti gali buti
naudojami Matlab ir LabView programiniai rinkiniai.

Matlab yra daugiaplatformé MathWorks programi-
né jranga, skirta algoritmams kurti, duomeny analizei
ir vizualizacijai.

Sistemy identifikavimo modulis yra programinio
rinkinio Matlab dalis, kuria galima kurti dinaminiy
sistemy matematinius modelius, naudojant eksperi-
menti$kai gautus jéjimo ir i$éjimo duomenis. Kuriant
modelius galima naudoti laiko ir dazniy srityse esan-
¢ius jéjimo duomenis, siekiant identifikuoti tolydaus ir
diskretaus laiko procesy modelius.

Sistemy identifikavimo modulyje taikoma tokia
identifikavimo eiga ir galimybés:

1. Duomenys perkeliami j Matlab darbing erdve (angl.
workspace), analizuojami ir vaizduojami laiko ir
dazniy srityse.

2. Identifikuojami tiesiniai arba netiesiniai modeliai
(netiesiniai ,juodosios dézés* tipo modeliai, mode-
liai su impulsiniais arba vienetiniais Suoliniais jéji-
mais, modeliai, sudaryti i§ Zemos eilés perdavimo
funkcijy, modeliai, sudaryti i§ diferencialiniy lyg-

¢iy, jéjimo ir i$éjimo charakteristikomis apibiidina-

mi daugianariai modeliai).

Atliekama modelio tinkamumo patikra.

4. Identifikavus modelj ir jo parametrus galima gauti
$io modelio diskretaus laiko charakteristikas, taip
pat yra galimybé istiesinti netiesinius modelius, na-
grinéjant netiesinés charakteristikos dalis kaip tiesi-
nes ir susieti atskirus modelius i viena.

5. Identifikuotus modelius galima naudoti realiy pro-
cesy imitacijoms.

Sistemy identifikavimo modulis yra programinio
rinkinio LabView dalis, kuria galima kurti diferenciali-
niy lyg¢iy forma perteiktus modelius, gautus remiantis
realiomis sistemomis arba jéjimo ir i$éjimo charakte-
ristikomis, kai sistema traktuojama kaip juodoji dézé.

Modulio galimybés:

o Eksperimentiskai gautos informacijos apdorojimas.

o Tiesinés sistemos identifikacija.

o Perdavimo funkcijos arba dazninés perdavimo
funkcijos identifikacija.

o Identifikuotos sistemos modelio patvirtinimas,
naudojant kitus, ne eksperimento metu gautus duo-
menis.

o Identifikuoto modelio analizé, naudojant Bode dia-
gramas, Naikvisto stabilumo kriterijy.

o Modelio parametry analizé [8].

Lyginant identifikavimo modulius Matlab ir La-
bView programiniuose rinkiniuose, matyti, kad abu
moduliai mazai skiriasi funkcionalumu, todél renkan-
tis programine jranga svarbus atsizvelgti j vartotojo
poreikius modeliuojant identifikuojama sistema.

N

Isvados

1. Dauguma pastaruoju metu taikomy kintamosios
srovés varikliy identifikavimo metody turi jvairiy
trakumy: nepatikimi kilus trukdziams, neaiski jy
identifikacija, pasirinkus, kad sistema yra tiesiné ir
pastovaus dydzio simplekso atveju, ir tikslaus eks-
tremumo suradimo optimizacijos pabaigoje.

2. Metodams pagerinti siitloma naudoti neraiskiaja lo-
gika, genetinius algoritmus ir neuroninius tinklus.

3. Lyginant identifikavimo modulius Matlab ir La-
bView programiniuose rinkiniuose, matyti, kad
abu moduliai mazai skiriasi funkcionalumu, todél
renkantis programine jranga svarbus atsizvelgti i
vartotojo poreikius modeliuojant identifikuojama
sistema.
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A review of induction motor parameter
identification methods

Dominykas BeiStaras, Antanas Staponas

Vilnius College of Technology and Design
Vilnius Gediminas Technical university

Abstract. Mathematical models are useful when
designing new systems. However, there are systems,
that can’t be easily modeled using conventional meth-
ods, therefore process and parameter identification is
used to help model these systems. Frequent problem
that occurs is choosing a proper identification method
and software. This article deals with the main steps of
process identification, most common induction mo-
tor parameter identification methods with main focus
on simplex optimization methods. A brief review of
software for parameter identification has been made.
Choosing a identification methods depends on the sys-
tem.

Keywords: induction motors, parameter identifica-
tion, simplex optimization
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Anotacija. Straipsnyje analizuojama lengvyjy automobiliy padangy protektoriaus gylio kaita Vilniaus mieste 2016 mety
Ziemos periodu. Naudojant trijy tasky matavimo metodg, pateikiama atlikty matavimy rezultatai ir statistiniai rodikliai.
Nagrinéjamos netolygaus padangy protektoriaus gylio kaitos priezastys. ApraSoma eksperimentiniy matavimy metodika
ir paplitusios sistemos, naudojamos padangy eksploataciniy rodikliy stebésenai. Pateikti reikiamy minimaliy matavimy
skai¢iavimai siekiant nustatyti padangos protektoriaus gylj. Pagrindinis tikslas — i$tirti automobiliy padangy protektoriaus
gyli eksploatacijos metu, naudojant trijy tasky matavimo metods. Sie duomenys gali biiti pritaikyti padangy protektoriaus
busenos stebésenos sistemy ir metody tikslumui didinti. Suformuluotos i$vados ir pasialymai.

Pagrindinés sgvokos: automobilio padanga, padangos protektoriaus gylis, trijy taSky matavimo metodas, slégis, stebé-

senos sistema.

Ivadas

Saugumas keliuose yra viena prioritetiniy sriciy,
kuria domisi transporto srities mokslininkai [5]. Pa-
grindinis tikslas - iki 2020 mety sumazinti Europos
Sajungos Salyse eismo jvykiy skaiciy iki 50% [1], [3].
Tyréjai nuolat atlieka tyrimus ieskodami naujy bady,
tobulindami jau esamus, norédami patikslinti saugu-
mo sistemy poveikj.

Atliktuose tyrimuose [2], [7] analizuojamos eismo
vykiy priezastys. Pagrindine problema jvardijama ke-
lio ir rato sgveikos veiksnys.

Tikslas - pasirinkus atsitiktinj automobiliy skai¢iy
Vilniaus mieste, naudojant trijy matavimo tasky me-
toda nustatyti padangy protektoriaus gylio variacijg ir
jvardyti netinkamas eksploatacijos salygas.

Uzdaviniai:

1. Pasirinkus atsitiktinj automobiliy skai¢iy pamatuoti
padangy protektoriaus gylj trijose vietose (vidinéje,
vidurinéje ir iSorinéje).

2. Uzfiksuoti automobiliy padangy senuma.

3. Gautus duomenimis statistiskai apdoroti, jvardyti
netinkamas eksploatacijos salygas ir pagrjsti naujo
metodo pritaikomuma.

Padangy protektorius yra vienas pagrindiniy pa-
dangos konstrukciniy elementy, lemianc¢iy padangos
funkcija, dévéjimasi, triuk$mo lygj, degaly sanaudas ir
sauguma. Sioms funkcijoms atlikti svarbis ir kiti pa-
rametrai, tokie kaip raty geometrija ir padangy slégis.
Dazniausiai netolygy padangy protektoriaus dilima
sukeliancios priezastys susijusios su netinkamu oro
slégiu padangose:

1. Per didelis oro slégis padangose lemia padangos vi-
durio nusidévéjima.

2. Dél per mazo padangy slégio padangose nudyla pa-
dangos krastai.

Padangy gamintojai, bendradarbiaudami su auto-
mobiliy gamintojais, be klasikiniy padangos protekto-
riaus gylio indikatoriy (1 pav.) vis placiau taiko jvairias
padangy slégio ir protektoriaus gylio stebésenos siste-
mas (2 pav.). Sios sistemos uZztikrina ne tik slégio, nuo
kurio priklauso saugumas kelyje, stebésena, bet ir pa-
dangy eksploataciniy savybiy ilgalaikiskuma.

1 pav. Padangy protektoriaus gylio dévéjimosi indikatoriai [6]

Nauja Continental gamintojo sukurta sistema su-
teikia galimybe stebéti ne tik slégj padangose, bet ir pa-
dangos protektoriaus gylio kaita (2 pav.)

2 pav. Continental padangos slégio ir protektoriaus gylio
stebésenos sistema [4]

Padangy protektoriaus gylio matavimo metodika
néra reglamentuota norminiais dokumentais ir ma-
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tavimai atliekami padangos kontakto vietoje su kelio
danga vizualiai maziausio protektoriaus gylio vietoje.

Matavimo rezultatai atskleidzia, ar padangos protek-
toriaus gylis atitinka KET reikalavimus. Vasaros laiko-
tarpiu minimalus protektoriaus gylis turi bati 1,6 mm,
ziemos — 3 mm. Sis matavimo biidas néra tikslus ir nepa-
rodo realios padangos btiklés bei galimy eksploataciniy
automobilio raty geometrijos ir netinkamy padangos
eksploataciniy salygy. Taigi reikia tikslinti ir unifikuoti
$i3 matavimo metodika, kad buty galima tiksliau infor-
muoti automobilio valdytojg apie besikei¢iancias padan-
gos eksploatacines salygas, netinkamg slégj padangose,
galimus raty geometrijos netinkamus kampus.

Eksperimentinis tyrimas

Atliekant tyrimg atsitiktinai pasirinkti 24 automo-
biliai Vilniaus mieste ir pamatuotas padangy protek-
toriaus gylis trijose padangos protektoriaus vietose (3

3 pav. Padangy protoktoriaus gylio matavimas trijuose taSkuose:
a — padangos protektoriaus iSorinéje dalyje; b — padangos
protektoriaus vidurinéje dalyje; ¢ — padangos protektoriaus
vidinéje dalyje

Duomenys buvo surinkti 2016 m. sausio ménesj, to-
dél pagal KET reikalavimus minimalus padangy pro-
tektoriaus gylis turéty bati ne mazesnis nei 3 mm. Taip
pat buvo fiksuojama padangy pagaminimo data. Gauta
padangy protektoriaus gylio duomeny sklaida (4 pav.)
rodo, kad matavimo duomenys labia skirtingi (nuo mi-
nimalios reik$més, kuri lygi 0,91 mm., iki maksimalios —
9,54 mm.). 10 matavimy rezultaty rodo, kad padangy
protektoriaus gylis yra mazesnis nei reikalaujama KET.

Gavus skirtingus matavimo rezultatus sunku pasa-
kyti, koks padangy protektoriaus gylio pasisikirstymas
vertinant tris padangos taskus. Dél Sios priezasties duo-
menys buvo suskirstyti j tris grupes: padangos iSorinés,
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5 pav. Padangy protektoriaus gylio histogramos, normaliojo skirs-
tinio teorinés kreivés ir statistiniai rodikliai: a — padangos vidiné
pusé; b — padangos viduriné dalis; ¢ - padangos iSoriné pusé.

vidurinés ir vidinés pusés rodmenys. Gauti rezultatai ir
jy statistiniai rodikliai pateikti 5 pav.

Padangos protektoriaus gylio didziausias aritme-
tinis vidurkis gautas, kai matavimai atlikti padangos
viduryje (6,17 mm). Skew ir Kurt reikSmés mazesnés
uz kritines, kurios gaunamos dauginant standartinio
nuokrypio reik§mes tris ir penkis kartus (3Skew =3,88,
3Skewb=4,43, 3Skewc=5,22, 5Kurt =9,60, 5Kurt =11,94,
5Kurt =15,72). Dél Sios priezasties visy matavimy re-
zultatai (4 pav.) pasiskirste pagal normalyjj skirstinj.

Palyginus automobiliy padangy senumg ir gamin-
toja, paaiskéjo, kad 16 automobiliy, kuriy visos keturios
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padangos buvo vieno gamintojo, seniausios padangos
pagamintos 2006 mety 17 savaite, naujausios - 2014
mety 32 savaite. Visy kity automobiliy padangy poros
ant asiy buvo skirtingos. Seniausios pagamintos 2004
mety 20 savaite, naujausios - 2014 mety 11 savaite.

Minimalus buitinasis reprezentatyvios imties
dydis

Padangy protektoriaus gyliui nustatyti atlikti atsi-
tiktiniai matavimai, kuriy minimalus batinasis mata-
vimy skaicius (duomeny skaicius) gali buti apskaiciuo-
jamas pagal formule:

L »
¢ia n — minimalus butinasis duomeny skaicius, t - pa-
sirenkamas patikimumo laipsnis (arba tikimybé gauti
teisingg atsakyma), matuojamas standartinio nuokry-
pio vienetais nuo ¢ pasiskirstymo kreivés centro; o -
matavimy bendras standartinis nuokrypis; A - leisti-
noji paklaida tarp apskaiciuoto aritmetinio vidurkio ir
tikrojo vidurkio.

Kai Stjudento skirstinio dvipusio testo reikémingu-
mo lygmuo pasirenkamas 95% (laisvés laipsniy skai-
¢ius - =), tai =0,05, o t=1,96.

Leistinoji paklaida skai¢iuojama pagal formule:

2 Y2
A 6" X , 2)
100
¢ia § - leidziama santykiné paklaida (gali buti 5%, 10%,
15% arba 20%); X - padangos protektoriaus gylio arit-
metinis vidurkis.

Leidziama santykiné paklaida (8) pasirinkta 5%.
Naudojant visy matavimy aritmetinj vidurkj (6,022
mm) ir standartinj nuokrypj (1,657 mm), gautas mi-
nimalus matavimy skaic¢ius (1=0,128). Vadinasi, nau-
dojant visg imtj (288) minimalus matavimy skaicius
turéty bati 1, taigi atitinka reikalavimus. Bet standar-
tinio nuokrypio reik§meés (5 pav.) rodo, kad duomenys
varijuoja, ir didziausia aritmetinio vidurkio (6,17 mm)
reik§mé gauta matuojant vidurinéje padangos protek-
toriaus dalyje. Tikslingiau baty matuoti trijuose tas-
kuose ir spresti apie padangos protektoriaus biukle bei
jos eksploatacinius rodiklius bei galimas netinkamo di-
limo priezastis (raty geometrija, slégis padangose).

Isvados

1. Atlikus 96 automobiliy padangy protektoriaus gylio
matavimus trijose padangos protektoriaus vietose
(protektoriaus i$rinéje, vidurinéje ir vidinéje pusése),
nustatyta, kad 10 padangy protektoriaus gylis neati-
tiko minimaliy KET reikalavimy Ziemos laikotarpiu
(protektoriaus gylis buvo mazesnis nei 3 mm).

2. Didziausia aritmetinio vidurkio reik§mé gauta atli-
kus matavimus padangos viduryje (6,17 mm).

Susumavus duomenis, matyti, kad naudojant trijy tas-
ky matavimo metodika, kai padangos protektorius
matuojamas padangos vidinéje, vidurinéje ir iSori-
néje pusése, padangy protektoriaus gylio vidurkis
skiriasi 0,2 mm.

3. Atlikto tyrimo duomenimis, matavimai tikslesni,
kai matuojama trijose padangos vietose, nors ari-
tmetiniy vidurkiy skirtumas lyginant padangos
vidurio matavimo rezultatus su vidine puse yra 0,1
mm, o su iSorine - 0,34 mm.

4. Apskaic¢iuotas minimalus matavimy skai¢ius (n=1)
atskleidzia, kad dabartiniai matavimai, kai atlieka-
mas vienas matavimas pasirinktoje vietoje, yra tei-
singas ir pagrjstas, bet jis neparodo tiksliy padangos
protektoriaus eksploatacijos sukelty dilimo tenden-
cijy, kuriy priezastimi gali buti per didelis arba per
mazas slégis padangose ar netinkami raty geometri-
jos kampai.
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AUTOMOBILES TYRES TREAD
VARIATION USING THREE POINTS
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Abstract. The article analyzes the tire tread depth
of automobiles in Vilnius city during the 2016 winter
period. Using the three-point measurement method,
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the results of the accomplished measurements and
their statistical indicators are presented. The causes of
tire tread depth variation is analyzed. An overview of
the experimental measurement methodology and the
most commonly used systems to track and determine
tire performance are presented. The calculation of the
minimum measurements, of the depth of tire tread,
is presented. The main objective using a three-point

measurement method is to investigate the tire’s tread
depth during operation. These data can be used to in-
crease the accuracy of tire tread depth monitoring sys-
tems and methods. Formulated conclusions and sug-
gestions.

Keywords: automobile tyre, tyre tread depth, three-
point measuring method, pressure, monitoring sys-
tem.
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Straipsnio anotacija. Gelezinkelio ieSmo pavaros diagnostikos automatizavimas - tai perspektyvi mokslo ir technologi-
ju vystymo kryptis. Idiegta diagnostikos sistema gali aptikti net ir besivystancius gedimus. Tai leisty imtis veiksmy gedimui
dar nejvykus. Te§mo pavara generuoja skirtingos rasies signalus, atspindinéius pavaros bikle. Siame darbe vystoma pava-
ros mechaniniy virpesiy signalo taikymo automatizuotai diagnostikos sistemai idéja, pasitilomas skirtingy signalo rinkiniy
tinkamumo diagnostikos sistemai jvertinimo bei palyginimo budas. Pateiktos rekomendacijos, kuriomis remiantis galima
uzfiksuoti kokybiskus, realiomis salygomis veikiancios ieSmo pavaros virpesiy diagnostikos signalus.

Pagrindinés savokos: ieSmo pavara, automatizuota objekty diagnostika, vibracijy signalo analizé, signalo poZymiai.

Ivadas

Gelezinkelio ie$mo pavaros diagnostikos proceso
automatizavimas — viena ir perspektyviausiy kry¢iy,
leidzianti padidinti gelezinkelio eismo sauguma. Pa-
prastai techninis ie§mo pavary aptarnavimas vyksta is
anksto nustatytu periodiskumu ir to kartais nepakan-
ta, kad pavara nesugesty netikétai. Automatizuotos
ieSmo pavaros diagnostikos procesas apimty pavaros
kontrole kiekvieno perjungimo metu - daug dazniau,
nei techninés eksploatacijos normose numatytu pe-
riodiskumu. Be to, automatizuota diagnostikos siste-
ma leisty ne tik nustatyti jau jvykusj gedima, bet ir
atpazinty besivystancio gedimo pozymius. Taip bty
galima imtis veiksmy gedimui dar galutinai nejvykus.
Tokiu budu galima dazniau i$vengti gelezinkelio eis-
mo trikdziy, atsirandanciy dél ie$mo ar ie$mo pava-
ros gedimo.

Pasaulyje yra tiriamos ir naudojamos kelios skir-
tingos ie$mo pavaros diagnostikos organizavimo idé-
jos. Techninés-organizacinés diagnostikos priemonés,
reguliari pavaros patikra, atliekant apzitrg, techninis
aptarnavimas, analizuojamas Enfanovo publikacijoje
[7]. Cia apsiribojama elektros varikliy keitimo ir ti-
krinimo periodiskumu. Diagnostikos automatizavimo
idéjas apragé Daunoras [2]. Cia analizuojama pavaros
nuolatinés srovés elektros variklio patikra, jsuktam
variklio rotoriui veikiant generatoriniu rezimu. Ge-
neruojama jtampa - tai diagnostikos signalas, pagal
kurio forma sprendziama apie ie§mo pavaros variklio
bukle. Egzistuoja ieSmo pavary diagnostikos sistemos
ir priemonés, paremtos variklio maitinimo srovés ma-
tavimu: stoties budétojo pulte sumontuotas kontroli-
nis ampermetras, pagal kurio rodmenis stoties budé-
tojas gali jvertinti padidéjusia pavaros valdymo srove,
pailgéjusia ieSmo perjungimo trukme ir i§ to daryti
i§vadas apie valdomo ie§mo biikle. Siuo principu re-
miantis tiriama ir skaitmenine pavaros valdymo sro-
vés analize paremta automatizuotos diagnostikos sis-
temos idéja. Sia tema galima rasti nemazai publikacijy:
Asada, Daunoras, Silmon [1, 2, 5] tiria ieSmo nuola-
tinés srovés variklio pavaros srovés formas ir teigia,

kad joje galima i3skirti dauguma diagnostikai svarbiy
pozymiy: ieSmo perjungimo trukmé, starto sroveés ir
srovés reik§mé nusistovéjusiame rezime. Pavaros va-
riklio maitinimo srovés signale atsispindi ir vibraci-
jos, sukeltos variklio kolektoriaus ar apvijy defekty,
pavaros reduktoriaus ar guolio gedimy, ieSmo smailés
sukeltiems eigos mechaninés apkrovos netolygumay.
Todél tokia sistema diagnozuoja ne vien elektrine ir
mechanine ieSmo pavaros dalj, bet ir patj ieSmg. Nuo-
latinés srovés varikliai vis re¢iau naudojami gelezinke-
lio ieSmy pavarose, o modernizuojant infrastruktira,
jie kei¢iami asinchroniniais trijy faziy varikliais, ku-
riuose néra rotoriaus kolektoriaus, apvijy ar Sepetéliy.
Trifazio pavaros variklio maitinimo srovés signalo for-
mos analizei ir pavaros diagnostikai pasitlytas uzdavi-
nys publikuojamas Burek darbuose [6] ir yra dar visai
naujas, pilnai neistirtas.

Taciau praktiskai taikant pavaros valdymo srovés
analize paremtus automatizuotos diagnostikos budus,
ar planuojant tokiy sistemy eksperimentinj tyrimg, su-
siduriama su organizaciniais keblumais. Kiekvienas i$
$iy budy reikalauja invazijos j pavaros valdymo sche-
mg. Tokie pakeitimai néra reglamentuoti techninéje
dokumentacijoje ir kelia papildomus pavaros valdymo
schemos patikimumo uztikrinimo klausimus.

Jonkung Lee (2016) [3, 4] naujausiose publikacijose
pristato pavaros akustinio garso signalo analizés taiky-
mga diagnostikai. Tac¢iau ieSmo pavaros daznai eksploa-
tuojamos akustiniame triuk$me, todél tikslinga ieskoti
triuk$mui atsparesniy signalo fiksavimo buady.

Pavaros vibracijy tyrimo principai

Vilniaus technologijos ir dizaino kolegijos Gelezin-
kelio sto¢iy automatikos laboratorijoje iskelta ieSmo
pavaros automatizuotos diagnostikos idéja, paremta
ieSmo pavaros skleidZziamy virpesiy analize. Laborato-
rijoje atliktais tyrimais iSsiaigkinta, kad galimus ieSmo
pavaros gedimus galima uzfiksuoti analizuojant pava-
ros skleidziamy vibracijy signalus. Deja, laboratorijo-
je esanti ie§mo pavara SP-3 yra idealios buklés ir dél
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to nepavyko uzfiksuoti gedimo sukelto signalo. Todél
buvo apsiribota pavaros perjungimo pliuso ir minuso
kryptimi identifikavimo uzdaviniu. Eksperimento ei-
goje buvo isbandyti jvairas pavaros vibracijy signalo
matematinés transformacijos budai ir nustatyta, kad
geriausiai signalo pozymiai i$siskiria naudojant kom-
binuotg transformacija - signalo spektro autokorelia-
cijos funkcija.

f(x)= TF(k)ez""k*dx (1)

R, ()= [ £+ o)/ (o) @

Tokiu biidu transformavus pavaros virpesiy signalg
gaunama identiskumo funkcija yra tolydi. Laboratori-
joje uzfiksuoto pliuso ir minuso kryptimis besisukan-
¢io pavaros variklio ir mechanizmy sukeliami virpesiai
skyreési tarpusavyje. Tyrimo i$vadose buvo teigiama,
kad jei pasitlytas budas yra jautrus tokiam nedideliam
signalo skirtumui, tai labai tikétina, kad pavaros defek-
tas atsispindés pavaros skleidziamose vibracijose ir bus
dar lengviau atpazintas.

Petro VileiSio gelezinkeliy transporto fakultetas
glaudziai bendradarbiauja su AB“ Lietuvos gelezinke-
liai“ ir ateityje tikimasi laboratorijoje pasiteisinusias
ieSmo pavaros automatizuotos diagnostikos idéjas pa-
tikrinti realiomis salygomis. Taciau tikintis kuo tiks-
lesnio ir naudingesnio rezultato, prie$ organizuojant §j
eksperimentg tikslinga i$analizuoti kai kuriuos klausi-
mus laboratorijoje. Vienas i$ tokiy klausimy - kuriuo-
se pavaros taskuose uzfiksuotas virpesiy signalas ge-
riausiai tinka ieSmo pavaros diagnostikai.

Automatizuotos diagnostikos sistemy struktira pa-
prastai susideda is:

1. Diagnoastikos signalo fiksavimo jrangos,

2. Signalo klasifikavimo pozumiy jvertinimo algori-
tmo,

3. Pozymiy klasifikatoriaus.

Sio tyrimo eigoje bus atliekama diagnostikos si-
gnalo fiksavimo vietos analizé, pasitelkus jau anks¢iau
istirta klasifikavimo pozymiy radimo buda. Kol kas,
neturint sukauptos pozymiy aibés, yra anksti tirti siste-
mai tinkamiausig klasifikatoriaus algoritma. Nepaisant
to, tyrimo eigoje bus pasiilomas kiekviename taske
uzfiksuoty signaly tinkamumo diagnostikos sistemai
jvertinimo ir palyginimo bidas. Sis bidas bus parem-
tas galimybe pozymius klasifikuoti geometriniu FiSerio
klasifikavimu. Tai vienas i$ elementariausiy klasifika-
toriy ir nebutinai jis ateityje turéty buti pasirinktas tin-
kamiausiu. Taciau $io tyrimo eigoje daroma prielaida,
kad Fiserio klasifikatorius yra pakankamas signalo in-
formatyvumui jvertinimo buadui pagrjsti.

Laboratorijos salygomis néra galimybés uzfiksuoti
defektg turincios pavaros virpesius, todél ir toliau tyri-
mai bus vykdomi analizuojant pliuso ir minuso kryp-
timi besisukancios pavaros skleidziamy virpesiy atsky-
rimu.

Virpesiy matavimo vietos pavaroje

Gelezinkelio ieSmo pavaros virpesiai j elektrinj si-
gnalg kei¢iami pjezo-elektriniu jutikliu. Vienas toks
jutiklis uzfiksuoja tik viename pavaros taske skleidzia-
mus mechaninius virpesius. Eksperimento metu nau-
dojamas pjezo-elektrinis jutiklis yra 2 cm diametro
disko formos. Todél ir pavaros vieta, kuriame fiksuoja-
mi virpesiai, turi buti tokia, kad jutiklis galéty priglusti
visu pavirsiaus plotu prie lygaus pavaros elementy pa-
vir$iaus. Parenkant virpesiy matavimo vietas taip pat
atsizvelgiama j virpesiy $altiniy (guoliy, reduktoriaus)
vietas. Taip pat buvo fiksuojami virpesiai ir pavaros i$-
oréje, siekiant issiaiskinti ar diagnostikai tinka signalai,
kuriuos jutikliu galima uzfiksuoti neatidarant pavaros
gaubto.

1 pav. Virpesiy matavimo vietos pavaroje. Eksperimento eigoje
buvo pasirinktos $ios virpesiy matavimo vietos: A - pavaros
gaubtas, jutiklis tvirtinamas i§ vidaus; B - pavaros i$oréje, $alia
traukliy, C - pavaros iSoréje, traukliy angai priesingoje sieneléje;
D - gaubto i$oréje, vir§ kontaktiniy kaladziy; E - iSorinés priekinés
sienelés vidurys; F — Pavaros gaubtas, ties pavaros centru; I —
reduktoriaus apatiné dalis; ] — reduktoriaus dangtelis; G - $alia
pagrindinio veleno guolio, H - ant variklio korpuso.

Signaly analizé

Signalo skaitmenizavimui pasirinktas prietaisas,
fiksuojantis signalg 45000 karty per sekunde, diskre-
tizuojantis 16 bity tikslumu. Kiekviename taske uzfik-
suoti 3 signalai, pavaros sukimosi j pliuso padétj metu
ir 3 signalai pavaros sukimosi j minuso padétj metu.
Virpesiy fiksavimas atliktas desimtyje skirtingy pava-
ros viety ir taip uzfiksuota 60 atskiry signaly.

Uzfiksuotuose virpesiuose galima jzvelgti tris pa-
grindinius etapus: 1. Paleidimo etapas, 2. nusistovéjes
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rezimas, ir 3. stabdymo etapas. Paleidimo ir stabdymo
etapai pasizymi kontaktiniy kaladéliy smigiais. Sie
smugiai yra labai svarbts, matuojant ieSmo perjungi-
mo laika, diagnozuojant paciy kontakty bukle.

9__

2 pav. Pavaros perjungimo virpesiy (tiriamasis) signalas

D Lt

Taciau jy amplitudé yra palyginti didelé ir, jei skai-
¢iuosime viso perjungimo metu uzfiksuotg signalg —
kontakty smugiy fragmentai gali uzgozti Zemesnés
amplitudés virpesius signale. Spektro ir autokorelia-
cijos funkcijos, kuriy pagalba bus transformuojamas
signalas, labiausiai atsitiktiniy stochastiniy procesy
analizei. Kaip tik tokiu procesu galima pavadinti nusi-
stovéjusjjj rezima. Kaip tik $ioje signalo dalyje labiau-
siai tikétina uzfiksuoti defektuoto guolio, reduktoriaus,
variklio, netolygiai judancios smailés sukeliamus vir-
pesius. Todél $io tyrimo eigoje bus tiriami tik nusisto-
véjusiojo rezimo virpesiai.

Kiekvieno i$ signalo identiskumo funkcija gauna-
ma dviem etapais: 1. Apskaic¢iuojamas signalo spektras
(greitoji Furje transformacija) 2. Skai¢iuojama gautos
funkcijos autokoreliacija.

a) signalo spektras

b) identiskumo funkcijos
3 pav. I-tojo jutiklio signalo transformacijos rezultatas

Apskaiciavus signalo spektra pastebéta, kad mak-
simalus pavaros sukeliamy virpesiy daznis yra 4 kHz.
Dél to, prie§ pereinant prie autokoreliacijos funkcijos
skaic¢iavimo etapo, i$skiriama tik informatyvioji signa-
lo spektro dalis.

Atlikus autokoreliacijos funkcijos transformacija,
pastebéta, kad ne visose vietose esantieji virpesiai tin-
kamai atspindi pavaros sukimosi krypties atskyrimui
tinkamus virpesius. Tacdiau siekiant palyginti skirtingy
pavaros viety virpesius tarpusavyje ir nustatyti kuriose
vietose fiksuojami virpesiai geriausiai tinka diagnosti-
kos signalui, o kuriuose netinka, siilomas originalus
signaly rinkinio tinkamumo klasifikavimui I skaiciavi-
mo budas. Vertinimo esmé yra paremta geometrinio
Fiserio klasifikatoriaus principais: patikimiausiai skir-
tingy klasiy poZymiai atskiriami tada, kai: jy vidurkiai
yra pakankamai toli vienas nuo kito, o pozymiy aibés
nepersidengia. Tada sitlomas signalo tinkamumo kla-
sifikavimui indeksas turés tuo aukstesne reiksme, kuo

klasiy vidurkiai toliau vienas nuo kito ir kuo maziau
persidengs tos pacios klasés pozymiai. Siekiant indek-
sg I palyginti tarpusavyje, kiekvieno rinkinio pozymiy
reik§més yra normalizuojamos, t. y. dalinamos i§ mak-
simalios vertés pozymio rinkinyje reiksmés. Sakykim,
kad kiekvienai i§ identiSkumo funkcijy jvertinti bus
parinkti du pozymiai: funkcijos reik§mé 300-tajame ir
1100-tajame masyvo taske.

72 ._723

n'ig i=1

I:%Z ( JJrZ (min[A,]—max[B,])) (3)

kur n - kiekvienag klase aprasanciy signaly skaicius, k —
signalui apradyti pasirinkty pozymiy skaicius, A, - A
klasés signaly grupés i-tojo signalo j-tasis pozymls Si
formulé taikoma, jei A klasés pozymwz Vldurkls dides-

ZAU> ZBU Prie-

$ingu atveju, jei ZAU( ZB,, , tada

15

J=1

nis uz B klasés poiymiq vidurkj

>4,

noig

,,ZB

]+Z (min[8,]-max[4]). ~ (4)

Masy atveju kiekvienai klasei sukaupty signaly
skaicius n = 3, pozymiy skaic¢ius k = 2.

Pozymiai - normalizuotos funkcijy reik§meés tas-
kuose 300 ir 1100. Pavyzdziu imkime ] vietoje esanciu
jutikliu uzfiksuoty vibracijy identiskumo funkcijy $ei-
m3 (4 pav.).

x 10"
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4 pav. ] vietoje esanciu jutikliu uzfiksuoty virpesiy identiskumo
funkcijos ir poZymiy i$sidéstymas metrinéje erdvéje
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IS 4 pav. matyti, kad atskiry klasiy identiskumo
funkcijos reik§meés taskuose 300 ir 1100 iSsidéste tin-
kamai, klasifikavimo atzvilgiu: atskiry klasiy pozymiy
aibés nepersidengia, o vidurkiai yra pakankamai toli
vienas nuo kito. Siuo atveju apskai¢iuotasis tinkamu-
mo klasifikavimui indeksas turéty buati palyginti auks-
tas. Apskaiciavus I ;= 0,352.

1 lentelé. Skirtinguose taskuose uzfiksuoty signaly tin-
kamumo klasifikavimui palyginimas

Nr. | Jutiklis Jutiklio vieta Tinkamumas
Kklasifikavimui I
. 1 Reduktoriaus apatiné dalis 0,62776
2. C Pavaros i$oréje, traukliy angai 0,37932
Prie$ingoje sieneléje
3. ] Reduktoriaus dangtelis 0,35188
4 G | Salia pagrindinio veleno 0,29059
guolio
5 B Pavaros iSoréje, $alia traukliy 0,21583
6 H Ant variklio korpuso 0,1985
7 A Pavaros gaubtas, jutiklis 0,18444
tvirtinamas i$ vidaus
8 F Pavaros gaubto iSoréje, ties 0,0165
pavaros centru
9 E ISorinés priekinés sienelés -0,02799
vidurys
10 D Gaubto iSoréje, vir$ -0,04901
kontaktiniy kaladziy

IS 1. lenteléje pateikty tyrimo rezultaty matoma,
kad ne visi tirtieji pavaros taskai leidzia uzfiksuoti tin-
kamos kokybés diagnostikos signalus. Reikia pastebéti,
kad kiekvienam signaly rinkiniui individualiai parin-
kus informatyviyjy pozymiy ordinates (nebatinai turi
bati 300-tasis ir 1100-tasis taskai), galima pasiekti ir
geresnj klasifikavimo tinkamumo rodiklj. Taciau re-
zultato esmés tai nepakeisty. Atliktas tyrimas leidzia
suformuoti realiomis salygomis veikianciy jrenginiy
tyrimo planavimui svarbias iSvadas:

ISvados

1. Kokybiskiausias klasifikavimo signalas gaunamas
pjezo-jutiklj tvirtinant pavaros viduje, prie gelezin-
kelio ieSmo pavaros reduktoriaus apatinés dalies.

2. Jei eksperimento metu nebus galimybés atidaryti
pavaros gaubto, jutiklj tikslinga tvirtinti prie $oni-
nés sienelés, netoli traukliy judéjimo asies vietos.

3. Jokiu badu nerekomenduojama fiksuoti pavaros
gaubto virpesiy signalo - gaubto virpesiai duoda
klasifikavimui netinkamos kokybés signalg.

4. Pasialyta formulé, jvertinanti normalizuoty pozymiy
Klasiy vidurkiy skirtumg ir pozymiy persidengimo
lygi, yra tinkama ir gali bati taikoma skirtingais biidais
gauty pozymiy palyginimui ir apytiksliam klasifikavi-
mo pozymiy tinkamumo klasifikuoti jvertinimui.

5. Gauti rezultatai labai svarbis ir gali bati pritaikyti
planuojant diagnostikos sistemos galimybiy tyrima
realiomis ie$mo pavary eksploatavimo sglygomis.

Literatiuira

1. Asada, T. Roberts, C. Koseki, T. An algorithm for improved
performance of railway condition monitoring equipment:
Alternating-current point machine case study. Transp. Res. C
Emerg. Technol. 2013, 30, p.81-92.

2. Daunoras, J. Gargasas, V. Knys. A. Evaluation of Railway
Switch Drive Operating Condition Using Control Current
Features // Electronics and Electrical Engineering. — Kaunas:
Technologija, 2010. - No. 10(106). - p. 71-74.

3. Jonguk, L. Heesu, C. Daihee P. Yongwha. Ch. Hee-Young K.
Sukhan, Y. Fault Detection and Diagnosis of Railway Point
Machines by Sound Analysis. Sensors, 2016, 16, p.549-558.

4. JLee, H Choi, D Park, Y Chung, HY Kim, S Yoon. Fault detec-
tion and diagnosis of railway point machines by sound analy-
sis — Sensors, 2016, 16, 549

5. Silmon, J. Roberts, C. Improving railway switch system reli-
ability with innovative condition monitoring algorithms. Proc.
Inst. Mech. Eng. F J. Rail Rapid Transit 2010, 224, p.293-302.

6. Bypsk, C. 0. TaBpuniok, B. V1. Tonono6osa, O. A. BesHapbIT-
HblL, A. M. VccnenoBaHue AMarHOCTUYECKMX IIPU3HAKOB
CTPEJIOYHBIX NIEKTPOIIPHBOJIOB IlepeMeHHoro Toka. Hayka u
IIporpecc TpaHCIopTa. BecTHMK JIHepomeTpoBCKOro Halu-
OHA/IbHOTO YHUBEPCUTETA JKeTe3HOOPOXKHOTO TPAHCIIOPTa,
BoITyckNe 4 (52), 2014, ¢.7-22.

7. Edanos, [I. B. borganos, H. A. KouTpons nmapamerpos cTpe-
JIOYHBIX TIPUBOKOB. [Ipo61eMbl 6€30MACHOCTH 1 HAfIeXKHOCTH
MIKPOIIPOLIECCOPHBIX KOMILIEKCOB, BbIITycK Ne 1, 2015, ¢.118-
128.

RESEARCHESOFOIL ADDITIVES INFLUEN-
CEDBY OILS WORKING CHARACTERISTICS

Vytautas Gargasas
Vilnius College of Technology and Design

Abstract. Automation of railway point machine dia-
gnostic is a viable direction of science and technology de-
velopment. Automated point gear diagnostic system can
detect emerging faults and allow you to take action befo-
re a fault happens. The point machine generates different
types of signals for condition detection. This work repre-
sents the idea of mechanical vibration signal analysis for
automated diagnostic system. A new method for evaluation
and comparing the suitability of different signal sets for the
diagnostic system is presented. In conclusions recommen-
dations to capture high-quality diagnostic vibro-signals are
presented.

Keywords: Point machine, automated diagnostic,
Analysis of vibro-signal, signal features.
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SELEKTYVAUS IR JUODAI DENGTO SAULES KOLEKTORIU |
EFEKTYVUMO TYRIMAS

Virginija Urboniené, Povilas Milius, Sariinas Taraskevicius

Vilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, LT-10303 Vilnius

Anotacija. Senkant i$kastinio kuro atsargoms, mokslininkai ir ekspertai vieningai sutaria, kad butina ieSkoti alternaty-
viy energijos gavimo budy, vienas kuriy - Saulés energijos panaudojimas §varios energijos gamybai. Atsinaujinanciy iste-
kliy panaudojimas energijos gamybai leidzia sumazinti iSmetamy terSaly kiekius j atmosfera taip jtakojant klimato kaitos

mazinimag.

Saulés kolektoriy paskirtis — pasildyti vandenj, tiekiamg j pastato kar$to vandens sistema. Saulés kolektoriai yra jvairiy

tipy, i§ kuriy dazniausiai naudojami vakuuminiai ir plokstieji.

Siame straipsnyje analizuojamas ploks¢iyjy saulés kolektoriy (selektyvaus ir juodai dengto) efektyvumas. Tyrimui atlikti

naudojamas Saulés kolektoriaus laboratorinis stendas.

Pagrindinés savokos: srauto debitas, apsvieta, efektyvumas (naudingumo koeficientas), $iluminé galia, posvyrio kam-

pas.

Ivadas

Saulés kolektoriai gali buti naudojami ir pastaty
$ildymui, ir karStam vandeniui ruosti. Saulés kolekto-
riai ,,sugeria“ saulés energija ir ja perduoda sistemoje
cirkuliuojan¢iam $ilumnesiui, kuriuo dazniausiai gali
buti specialus neuzsalantis skystis (pvz., glikolis). Pa-
Siles skystis perduoda $iluma pastato karsto vandentie-
kio arba $ildymo sistemai.

Saulés kolektoriai skirstomi j du pagrindinius tipus:
ploks¢iuosius ir vakuuminius.

Eksperimentinio tyrimo metu naudojami plokstieji
Saulés kolektoriai.

Patys populiariausi yra plokstieji kolektoriai dél jy
paprastumo bei ilgaamziskumo.

Pagrindiniai ploksciojo kolektoriaus elementai yra:
absorberis, vamzdelis su tarpiniu $ilumos neséju - van-
deniu, skaidrus dangtis, $ilumos izoliacijos sluoksnis,
korpusas. Absorberyje Saulés energija paverc¢iama $i-
lumine energija. Vakuuminiy ir ploksc¢iyjy kolektoriy
veikimo principas yra panasus: per specialig danga, va-
dinama selektyvu, sugeriama $iluminé Saulés energija,
kuri perduodama $ilumnesiui. Si danga paprastai suge-
ria apie 95 % Saulés energijos.

Saulés kolektoriy efektyvumas priklauso nuo keleto
aspekty:

1. Saulés spinduliuotés intensyvumo, t. y. saulés ener-
gijos kiekio, kuris tenka Zemés pavir$iaus vienetui.
2. Silumnesio temperatiiros palaikymo.

Lauko temperatiira taip pat daro jtaka efektyvumui:
kuo labiau skiriasi temperatara cirkuliuojanc¢iame Si-
lumnesyje ir lauke, tuo mazesnis efektyvumas.

Plokstieji kolektoriai daugiau energijos pagamina,
kai saulés spinduliai krenta j juos tiesiogiai, statmenai,
t.y. vasarg. Plokstiesiems saulés kolektoriams daugiau
jtakos turi aplinkos temperattra.

Didziausias ploks¢iyjy kolektoriy trikumas - trum-
pas efektyvus veikimo laikas, dideli silumos nuostoliai
j aplinka.

Tyrimy metodika ir eksperimentinis stendas

Eksperimentinio tyrimo tikslas - nustatyti bei pa-
lyginti selektyvaus ir juodai dengto Saulés kolektoriy
efektyvuma kei¢iant vésinancio skyscio srautg (debi-
ta).

Tyrimui atlikti naudojamas Saulés kolektoriaus la-
boratorinis stendas.

Eksperimentinio tyrimo aprasymo skyriai:
Tyrimy stendo aprasymas.

Parametry matavimai.

Teoriné dalis.

Tyrimy eiga.

L =

Tyrimy stendo aprasymas

Stendo konstrukcija.

1 pav. Bazinio modulio komponentai. 1 - persipylimo vamzdelis,
2 - siurblys, 3 - nuorintojas, 4 - kaitintuvas, 5 - vandens talpa,
6 - vandens talpos dangtis, 7 - matuojamy dydziy ekranéliai, 8
- valdymo skydelis, 9 - ap$vietimo blokas, 10 — ap$vietos jutiklis,
11 - ploks¢iasis kolektorius, 12 - jtekantis srautas j kolektoriy, 13
— iStekantis i$ kolektoriaus srautas, 14 - kei¢iamas absorberis
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Bazinio modulio proceso aprasymas.

Sviesa i§ ap$vietimo bloko (1) krinta j ploks¢iaji ko-
lektoriy (2). Ploksciojo kolektoriaus absorberyje vamz-
deliuose esantis $ilumos neséjas (vanduo) yla. Siurbliu
(P) silumos neséjas (karstas vanduo) tiekiamas j talpo-
je (3) (silumokaityje) esantj spirale susukta vamzdelj
(4). Vanduo talpoje $yla, o silumg perduodantis skystis
atvésta. Siurblys atvésintg $ilumos nes$éjg stumia atgal i
ploks¢iajj kolektoriy, sukurdamas uzdarg saulés kolek-
toriaus grandine.

Saulés kolektoriaus grandinéje yra nuorintojas (6)
ir persipildymo vamzdelis (7). Temperatira matuoja-
ma jutikliais (Tl,TZ,T3,T ,) visuose atitinkamuose tas-
kuose. Sildytuvas (5) gali biti naudojamas tam, kad
sutrumpinty vandens $ildymo laika talpoje (pvz., atlie-
kant matavimus esant auks$tesnei temperatirai).

Bazinio modulio schema.

L4
o 2
{T2
< T1
T4
LI
3
V1 H‘ci—_%ﬁ _3
F 4 = T
P E

—pX] V2
.

2 pav. Modulio schema. 1 - apsvietimo blokas, 2 - ploks¢iasis
kolektorius, 3 - vandens talpa, 4 - $ilumokaitis, 5 - vandens
elektrinis Sildytuvas, 6 - nuorintojas, 7 — persipildymo vamzdelis,
P - siurblys, V1 - vandens kontiro uZzpildymo sklendé, V2 -
vandens talpos sklendé, R - apsvietos jutiklis, F — debito matuoklis,
T1 - jtekancio j kolektoriy vandens temperatira, T2 - i$tekancio
i§ kolektoriaus vandens temperatira, T3 - vandens talpoje
temperatara, T4 - aplinkos temperatiira

Ploksciasis kolektorius.

Ploksc¢iasis kolektorius konvertuoja sugertaja ab-
sorberiu (3) spinduliuotés energija i $ilumg. Siluma
perduodama $ilumos nes$éjui (vandeniui), cirkuliuo-
jan¢iam variniais vamzdeliais (2). Nuimamas stiklinis
dangtis (5) sumazina ploksciojo kolektoriaus $ilumos
nuostolius. Be to, ploksc¢iojo kolektoriaus apadia ir $o-
nai yra izoliuoti (6). Ploksc¢iasis kolektorius turi du kei-
¢iamus absorberius su skirtingomis dangomis: absor-
beris su selektyvia danga ir absorberis su juoda danga.
Sie absorberiai gali bati naudojami nustatant kolekto-
riaus nasumg esant skirtingoms spinduliuotéms.

3 pav. Absorberis

| B

X 3 .
Sallas ™ , ‘-._x .". | I.'r /,f karstas
NN N Ll
1 3 4 b B 7

4 pav. Ploks¢iojo kolektoriaus pjavis. 1 - jtekéjimas j kolektoriy,
2 - variniai vamzdeliai, 3 — absorberis, 4 - danga, 5 - stiklinis
dangtis, 6 — kolektoriaus izoliacija, 7 — iStekéjimas i$ kolektoriaus

L~
‘,dl"
L

Vandens talpa.

Pasildytas skystis patenka j silumokaitj, esantj van-
dens talpoje. Vandens talpa gali dirbti dviem skirtin-
gais rezimais: esant pastoviai ar kintamai vandens tem-
peraturai.

-

5

5 pav. Vandens talpa. 1 - $ilumokaicio i$vadas, 2 - temperataros
jutiklis T3, 3 - kaitintuvas, 4 - talpos uzpildymo sklendé, 5 -
talpos persipildymas
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Parametry matavimai

Apsviestumo matavimas.

Apsviestumo jutiklis naudojamas nuolatinio kolek-
toriaus apsviestumo matavimui. Laikikliu jutiklj ga-
lima perkelti j bet kurj kolektoriaus pavirsiaus taska.
Apsviestumo jutiklis yra zinomo jautrumo kalibruotas
saulés elementas. Ap$viestumas paveréiamas jtampos
signalu, kurio verté rodoma valdymo skydelio indika-
toriuje ir matuojama kW/m?.

6 pav. Apsviestumo jutiklio vieta. 1 — ap§viestumo jutiklis, 2 -
jutiklio laikiklis

Temperatiiry T1 ir T2 matavimas.

Silumos perdavimo skys¢io temperatiira matuoja-
ma temperatiros jutikliais T1 ir T2 kolektoriaus jéjime
ir iS¢jime.

Temperatiiros T3 matavimas.

Silumos perdavimo skystis, tekédamas per $ilumo-
kaitj, susildo talpoje esantj vandenj. Talpoje esancio
vandens temperatiira matuojama temperatiiros juti-

kliu T3. Sis temperatiiros jutiklis yra jmontuotas ties
talpos viduriu.

1 lentelé. Selektyvaus kolektoriaus tyrimo rezultatai

Debito nustatymas.

Silumos perdavimo skys¢io debitas nustatomas
kei¢iant siurblio sukimosi greitj. Debito verté rodo-
ma skaitmeniniame indikatoriuje, esanc¢iame valdymo

skydelyje.

1 2

7 pav. Temperatiros matavimas. 1 - kolektorius, 2 - jungtis
zarnai, 3 — temperaturos jutiklis T1

3

?

1 2
8 pav. Temperaturos jutiklis. 1 - $ilumokaicio i$vadas, 2 -
temperataros jutiklis T3, 3 - persipildymo i§vadas

3

ApSvies Galin Efektyv"-l'emp [Tankis §av. Kolekt
Laikas Temperatiros Debitasjtumas |ApSvietalgumas Jvumas |skirt Siluma|]Plotas
T T2 T3 T4 F R Ps Pn ncol dT p
[min:s] |[°C] |[°C] [[°C] |[°C] |Vh] [kW/m?] J[kW]  J[KW]  |[%] [°C] |lkg/m?]
47:51,7] 11,30] 16,41 9,?5 19,43 24,051 1,318] 0,144 0,143] 0,994| 5,106/ 999,13
49:27,2| 11,41| 17,37 9,96] 19,12]) 20,15y 1,335 0,146| 0,139| 0,959| 5,957 999,0
51:08,2] 11,44| 18,72| 10,08] 19,19] 16,12) 1,313] 0,143| 0,136 0,952| 7,277 998,9] 4,
53:20,7] 11,41 20,43| 10,111 19,22] 1219} 1,327] 0,145] 0,128 0,883]9,016(998,81] 4,186] 0,109
55:20,2] 11,49] 24,77|10,14] 19,24 8,16] 1,318] 0,144| 0,126 0,876] 13,28(999,48] 4,184] 0,109
58:47,0] 11,51] 38,02| 9,08 19,43[ 4,16| 1,322| 0,144| 0,128 0,886] 26,51 997,0] 4,179] 0,109
2 lentelé. Juodai dengto kolektoriaus tyrimo rezultatai
T1 T2 T3 T4 F R Ps Pn ncol dT p cp A
[min:s] J[°C] |[°C] [|I°C] |I°C] |i/h] [kW/m?] |[kW] [kW] l[%] [°C] lkg/m?] J[kJ/kgK{[m?]
15:47,91 11,12| 15,67| 9,93| 18,25 24,07| 1,325| 0,144| 0,128| 0,883 4,56| 999,3| 4,188| 0,109
17:52,91 11,38| 16,78]| 10,06| 18,23| 20,15| 1,322| 0,144| 0,127| 0,878 5,40| 999,2| 4,188| 0,109
19:33,9| 11,43| 18,10| 10,19| 18,28| 16,11 1,320| 0,144| 0,125 0,868| 6,67| 999,1| 4,187| 0,109
21:39,4|111,43| 19,81110,16| 18,36 12,19] 1,307| 0,142| 0,119| 0,833| 8,38| 999,0| 4,187| 0,109
23:44.9]| 11,48]| 24,12|10,19| 18,38 8,12 1,322 0,144 0,119 0,827]| 12,65| 998,6] 4,185]| 0,109
27:48,9|112,13| 36,64| 9,96| 18,52 4,16] 1,305| 0,142| 0,118| 0,829|24,51| 997,2| 4,179| 0,109
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T4 ) 250- 1000 2,00 200
T2 I~ 050 -1,90 -1.00
; A 25- 90 | | | | - -1,80 18
i 85,0- | | | | | | -1,70 -1,70
M0-  A0N- 1,60 -160
750- - - | s s
75-0 700- - - | | ~1,40 -1.40
£ E HH._I\-""‘"‘"{"J‘-" e ettt g AT s | g o -130
i n.n-:g 00 | - - - | 1,30 ;_h 171
& £ s50- LM E -
z 8 = -
2 125- = 500 1w s -
£ F - i i 0805 -09
£ 00-= 40p- | | 000 F oM
E‘ P a50- /d— -0,70 3 0,70
= T.ﬁ-g 30,0- | 0,60 0,60
25,0~ -0,50 -0.50
50-  200- J_f—/ -0,40 040
15.0- i_ -0,20 -0.30
25-  100- ] ' 0 | -0,20 -0.20
50 | | - - - | -0,10 -0,10
00-  0p- -0,00 -0.00

i i i i T i
12:4506 12:47:06 12:49:06 125706 12:53:06 1255406 1257006 125946
1 in hh:mm:ss
9 pav. Selektyvaus kolektoriaus diagrama. T1°C - tiekiamo j kolektoriy vandens temperatiira, T2 °C - grjztamo i$ kolektoriaus vandens
temperattra, F (I/h) - vandens debitas, E (kW/m?) - juodai dengto kolektoriaus ap$vieta

T v 250- 100,0- 2,00 -2 00
12 A 95,0- - -1,90 -1,90
- A 225-  90,0- -1,80 1,80
[
85,0- - -1,70 -1,70
200-  BO0- - -1,60 -1,60
75,0~ t -1,50 -1,50
1?.5-"-" 70,0~ -1,40 =1,40
g = 65,0 WM‘HTNWWWH -1,30 -1,30
T =
= = Lyn
s 150-3 60,0- | 1202 120
= -E 55,0 | —1.1n§ -1,10
[ E-3 -
é 125- £ 500 100§ -100
2 = 450- - - - 090 5  -0,90
E 3
E 10,0-= 40,0- - - - -0,80 § -0,80
= = 35,0- - | | 070 ¢ -070
w =
?.5-;“ 30,0~ -0,60 =0,60
25,0- -0,50 -0,50
50-  20,0- _/—/_/’—- -0,40 -0,40
15,0- ! - - -0,30 -0,30
25- 10,0 - { -0,20 -0,20
5,0 - -D,10 -D,10
0,0- 0,0- -0,00 -0,00

124718 12:19:98 12:21:18 12:23:18 12:25:18 12:27:18 12:29:18
t in hh:mm:ss

10 pav. Juodai dengto kolektoriaus diagrama. T1°C - paduodamo j kolektoriy vandens temperatara, T2 °C - griZtamo i$ kolektoriaus
vandens temperatiira, F (I/h) - vandens debitas, E, kW/m? - juodai dengto kolektoriaus aps$vieta
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11 pav. Kolektoriy efektyvumo kreivés: A - selektyvaus, B-juodai
dengto.

Eksperimento eiga

Saulés $iluminés energijos modulis yra valdomas
ir kontroliuojamas interaktyvios programinés jrangos
pagalba. Matuojamy dydziy reik§més pateikiamos rea-
liu laiku sistemos, Silumnesio ir vandens talpos parame-
try diagramose. Matavimy rezultatai fiksuojami duo-
meny lenteléje.

Eksperimento tikslas:

Istirti sistemos darbg esant skirtingiems kolekto-
riaus srauto debitams bei skirtingai dengtiems kolek-
toriams.

Tiriamas $ilumnesio temperatiry pokytis kolekto-
riaus jéjime ir i$éjime bei $iluminés galios bei nasumo
kitimas.

Vandens talpoje 3 (2 paveikslas) ausinimas vykdo-
mas vandentiekio vandeniu; sklende V, temperatiira
T3 palaikoma pastovia. Kintama varza keiciant siurblio
P sukimosi greitj, kei¢ciamas srauto debitas F.

Tyrimas pradedamas, nustacius fiksuota 24 1/h debi-
to reik$me, ir laukiama, kol i§ kolektoriaus (2) griztancio
vandens temperatira T2 pasieks pastovig verte. Duome-
nys fiksuojami lentelése 1 ir 2. Eksperimentas tesiamas
mazinant debitg kas 4 I/h duomenis fiksuojant lentelése.

Isvados

1. Didinant skyscio srauta per abu (selektyvyjj ir juo-
dai dengta) kolektorius, jy efektyvumas (naudingu-
mo koeficientas) didéja.

2. Selektyvaus kolektoriaus efektyvumas yra didesnis nei
juodai dengto dél mazesniy $iluminio spinduliavimo
nuostoliy ilgyjy bangy diapozone (14 paveikslas).

s ]

. '
. \

l_o-'-'f-.'-\
m
1% -\
18 T

T —
| . --_'-."..'-‘_
a
[+] 5 10 i = i )
FiL

12 pav. Kolektoriaus skyscio temperatiiros skirtumo kreivés
A-slektyvaus, B-juodo

3. Saulés kolektoriumi tekancio skyscio temperatira
mazéja didinant srauto debitg (15 paveikslas). Nau-
dingumo koeficientasbus didesnis dirbant zemes-
niy temperatiry ribose.

Selektyvaus kolektoriaus efektyvumas yra didesnis
nei juodai dengto kolektoriaus.

EFFICIENCY RESEARCH OF SELECTIVE
AND BLACK COATED SOLAR
COLLECTORS

Virginija Urboniené, Povilas Milius, Sariinas
Taraskevicius

Vilnius College of Technologies and Design

With the diminishing of fossil fuels resources, scien-
tists and experts unanimously agree that it is necessary
to look for alternative energy sources, one of which is
the use of solar energy for production of clean energy.
The use of renewable resources for energy production
enables to diminish the amount of emitted pollutants
into the atmosphere and has an impact on diminishing
the climate change.

The aim of solar collectors is to heat water that is
supplied to the hot water system of a building.

Solar collectors are of different types. The most
commonly used are vacuum and flat ones.

This article analyses the efficiency of flat solar col-
lectors (elective and coated in black).

Laboratory stand of solar collector is used for this
research.

Key concepts : flow rate, illuminance, efficiency,
thermal input, angle of inclination.
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SILO TILTO DEFORMACIJU STEBEJIMO REZULTATU APZVALGA

Natalija Augiiniené, Jelena Pavliukovi¢

Vilniaus technologijy ir dizaino kolegija, Antakalnio g. 54, LT-10303 Vilnius

Anotacija. Nuolatiniai stebéjimai butini intensyviai naudojamoms ir didele gedimo tikimybe pasizymin¢ioms statinio
konstrukcijoms. Tiriant bukle nustatomi konstrukcijy defektai ir pazaidos, prognozuojamos jy plitimo tendencijos, atlieka-
mi konstrukeijy laikomosios galios patikrinamieji skai¢iavimai, jvertinant basima apkrova po rekonstrukcijos ir kitokj gali-
ma poveikj. Neretai tenka nustatyti konstrukcijy, veikiamy agresyviosios aplinkos, vibraciniy ir smuginiy apkrovy, pazeisty
gaisro ir pan., bukle. Straipsnyje pateikiamas tyrimo objektas, apzvelgta deformacijy stebéjimo metodika bei deformacijy
atsiradimo prieZastys. Surinkti matavimy duomenys apdoroti matematiniais metodais. Atlikta visy, 14 mety, matavimy cik-
ly apzvalga, duomenys pateikti grafiskai. Analizuojant grafikus, istirti statinio poky¢iai ir pateiktos galimos jy atsiradimo

priezastys.

Pagrindinés sgvokos. Precizinis niveliavimas, deformacijos, nuosédziai, netolygus pokrypis.

Ivadas

Tiltai yra sudétingi ir brangas susisiekimo statiniai,
turintys didele reik§me ekonominiams, politiniams ir
kultariniams rysiams. Ilga laika vyravo nuomoné, kad
gelzbetoniniai tiltai yra ilgaamziai statiniai, kuriems
pakanka tik jprastos nuolatinés priezitros, bet pasta-
raisiais de$imtmeciais visose $alyse pastebimas inten-
syvus fizinis ir moralinis $iy statiniy senéjimas. Tiltas,
kaip konstrukciné struktiira, savo sandarg mazai kuo
skiriasi nuo jprasty pastaty ar statiniy. Vienas pa-
grindiniy tilto konstrukciniy elementy yra perdanga,
laikanti tilto paklotg ir perimanti vertikalias bei hori-
zontalias kintamasias apkrovas: transporto priemones,
véja, temperatiirg ir kt.

Lietuvoje yra daug jtemptojo gelzbetonio dézinio
skerspjivio tilty ir viaduky. Siems tiltams badingas
sijy plei$éjimas ir dideli perdangy ilinkiai. Sistemin-
gai atliekant $iy tilty priezitrg ir stebint plysiy plociy
poky¢iy kitimo dinamikg galima sekti jy degradacijos
procesus ir uzkirsti kelig statinio griticiai. Ilgametés til-
ty stebésenos duomenys leidzia analizuoti sustiprinty
ir nesustiprinty tilty perdangy jlinkiy kitimo tendenci-
jas, sekti plysiy ploc¢iy pokyc¢iy dinamika, taip pat teikti
jvairias rekomendacijas dél tolimesnés jy eksploataci-
jos ir planuoti tilty ir viaduky remonta.

Statiniy stebésenos metu nustatomi $ie rodikliai:

o perdangy jlinkiai ir deformacijos;

o perdangose ir atramose atsivérusiy plysiy plociy
poky¢iai;

o atraminiy guoliy pasisukimas ir atramy nuosé-
dziai;

o perdangos mazgy poslinkiai ir postkiai.

Deformacijos gali buiti vertikaliosios (sédimai) bei
poslinkis horizontalioje padétyje. Statiniy sédimo prie-
zastys: nevienoda statinio pagrindo geologiné struk-
tara; grunto pakilimas (patimasis) dél salcio jtakos;
drégmés ir grunto atsilimas; statiniy svoris; slégio pasi-
keitimas j gruntg pasikeitus statinio svoriui; netolygus
slégio pasiskirstymas atsizvelgiant j statinio svorj po
pamatais; pamaty matmenys; kietumas ir forma; dina-
minés apkrovos j pagrindus; grunto stiprumo pokytis

atliekant pozemine statyba; Zzmogaus jtaka; dirbantys
mechanizmai ir kt.

Tyrimo tikslas — atlikti Silo tilto deformacijy tyri-
mus pagal ilgamecius matavimo rezultatus.

Darbo aktualumas. Deformacijy tyrimai, anali-
zuojantys ir sisteminantys daugiameciy matavimy
duomenis, yra svarbts ir aktualis, teikiant rekomen-
dacijas dél tolimesnés titly eksploatacijos.

Tyrimo objektas

Tyrimo objektas yra Vilniaus miesto transporto
ir komunikacijy tiltas, jungiantis Neries krantus, An-
takalnio rajono Silo g. su Zirminy rajono Minties g.
(zr. 1 pav.). Tiltag projektavo Almatos ,,TRANSNII-
PROJEKT® institutas, staté UAB , Tilsta“. Tiltas pra-
détas statyti 1989 m., baigtas — 1997 m. rugséjo 13 d.
Tilto pagrindiné konstrukcija yra keturiy angy, pen-
kiy gelzbetonio sijy, skerspjavyje i§ surenkamy vieno-
do aukscio dézés profilio elementy, sujungty i$ anksto
jtemptais didelio stiprio lynais K - 7. Perdangg sudaro
keturios dézés profilio sijos, sumontuotos kabamuoju
metodu i 2 m ilgio ir 3,2 m aukscio bloky. Uz tilto ga-
liniy atramy esancios kameros perdengtos gelzbetonio
sijomis. Suminis tilto ilgis — 180,9 m, bendras tilto il-
gis 192,7 m, bendras plotis 32 m, vaziuojamosios dalies
plotis 16 m, pés¢iyjy zonos plotis 2,5 m. Tiltas keturiy
eismo juosty.

Deformacijy stebéjimo metodika

Statiniy buiklé jvertinama matuojant jy horizonta-
lias ir vertikalias deformacijas. Sédimy stebéjimai vyk-
dyti pagal II-os kl. geometrinio niveliavimo metodi-
ka. Visi atlikti cikly matavimai, nuo 2002 m. iki 2016
m., vykdyti laikantis markiy niveliavimo schemos ir
nuo ty paciy pradiniy reperiy. Tik nezymus nivelia-
vimo schemos pasikeitimas jvyko sunaikinus pradinj,
VTDK Naujyjy ramy pamate jbetonuota, sieninj re-
peri Nr. 899.
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1 pav. Silo tilto markiy i§déstymas ortofotonuotraukoje

Auksciy pagrindg sudaro keturi reperiai, desiniaja-
me krante (Antakalnio g.) - T7 ir T13, kairiajame (Zir-
miny g.) - Rp. 0101 ir Rp. 601.

Tilto markiy matavimai buvo vykdyti skaitmeniniu
nivelyru GeoMax ZDL700. Deformacinémis markémis
pasirinkti j tilto turékly statramscius jsukti varztai, ku-
riy galvuciy krastai kyso i$ betono. Tokiy markiy desi-
néje tilto puséje pasirinkta 22 (Nr. 1-22), o kairéje — 18
(Nr. 31-48). Markiy i§sidéstymas matomas 1 pav.

Rezultatai

Tesiant Silo tilto markiy deformacijy stebéjimus,
atliktas 14 ciklo matavimy rezultaty jvertinimas ir pa-
teiktos jo i$vados. Susisteminus visy cikly rezultatus
nustatyta, kad kinta kiekvienos deformacinés markes
auksc¢iai kiekviename cikle (Zr. 2 pav. ir 3 pav.).
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2 pav. Desiniosios pusés vertikaliyjy deformacijy poky¢iai
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3 pav. Kairiosios pusés vertikaliyjy deformacijy pokyciai

Paskutinio ciklo matavimy duomenys rodo, kad la-
biausiai kinta desinéje tilto puséje esancios 14 markés
padétis (-48,2 mm) ir kairéje puséje — 40 markeé (-37,1

mm). Sédimo priezastys gali bati jvairios: oro salygos,
padidéjes transporto srautas, laiku nepasalinti tilto
konstrukcijos defektai, pozeminio grunto judéjimas ir
kt.

Siy markiy vertikaliyjy sédimy reikimés, visy cikly
matavimo metu, pateiktos 4 pav.

0
10 —— 14 marke
40 marké

-20
-30
-40

Sédimy dydZiai, mm

-50

60'1 2 3 4 5 6 7 8 9
Cikly Nr.

10 1

12 13 14

4 pav. 14 ir 40 markiy vertikaliyjy deformacijy poky¢iai

Tilto markiy nestabiluma bei deformacijy zidinius
galima iSbraizyti vienodo nuosédzio linijomis, kurios
vadinamos izolinijomis, pasirinkus laipta 2 mm. Taip
galima analizuoti deformacijy markes bei stebéti, ku-
rios tilto vietos kito labiausiai (zr. 5 pav. ir 6 pav.). Tai
parodo, kad jau 1-ojo ciklo mety 14 markéje buvo di-
dziausias nuosédis, siekiantis -8,6 mm.

14-ame cikle aiskiai matoma tilto konstrukcijos de-
formacijos kryptis: Markés 17,16, 36, 37, 38, 39, 13, 12,
11, 10, 41, 42, 43 rodo tolygy tilto konstrukcijy sédima
(zr. 6 pav.). 14 marke turi didziausig nuokrypj per visa
matavimy laikotarpj - -48,2 mm.

Pateikti pradinio ir paskutinio matavimo cikly
markiy nuosédziai aiskiai rodo, kad didziausi poky¢iai
jvyko 14 ir 40 markése, o maziausi - 3 ir 46 markeé-
se. Didziausias reiksmés pokytis kairéje tilto puséje 40
markéje ir jis yra -37,1 mm, o maziausias 46 marke-
je - 1,4 mm. Didziausias reik§més pokytis desinéje tilto
puséje 14 markéje ir jis siekia -48,2 mm, o maziausias 3
markéje — 1,4 mm (zr. 3 pav. ir 4 pav.).

Markiy nuosédziams stebéti, duomenims vizua-
lizuoti bei analizuoti, pravercia ArcGIS programoje
esanti permatomy sluoksniy kiirimo galimybé. Tai lei-
dzia ne tik matyti kiekvieno ciklo vertikaliyjy defor-
macijy poky¢ius, bet ir vizualiai jvertinti markiy nuo-
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6 pav. 14-ojo ciklo markiy nuosédziai

sédzius bei nuosédziy pasiskirstyma kiekviename cikle
(zr. 7 pav. ir 8 pav.).

Vizualizuoty duomenuy, jy pateikimas gerina infor-
macijos suvokimg ir didina analitinj supratimg, bei re-
zultaty sklaidos kokybe (zr. 8 pav.). 3D vaizde galima
stebéti markiy sédimo rezultatus bei daryti i$vada, kad
nuolat séda tilto vidurys, o galai nezymiai svyruoja.

Kadangi labiausiai séda Sios dvi markés, tai papil-
domai jvertinami jy pokrypiai (netolygus sédimas),
kurie skai¢iuojami pagal $ig formule:

I, = (1)

¢ia: [, - atstumas tarp markiy, 1 ir 2 - markiy nume-
riai, As, , - atitinkamas markiy sédimy skirtumas.
Gauti rezultatai parodo, kad trijuose paskutiniuose
matavimy cikluose 14 marké turi didesnius sédimo re-
zultatus negu 40 marké. Paskutiniame cikle 14 markés
sédimo dydis yra 11 mm didesnis nei 40 markés. Gali-
ma teigti, kad tilto konstrukcijos desinéje puséje ties 14
marke yra nestabilumo pozymiy. Lyginant sukaupty

-+
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duomeny rezultatus pastebimas netolygus markiy sé-
dimas, t. y. kiekviename matavimy cikle vidutiniskai
14 marke séda 5,4 mm per metus daugiau nei 40 markeé
(zr. 10 pav.).

Isvados

1. Tyrimy metu nustatyta, kad tilto konstrukei-
ja séda nevienodai. ISskiriamos dvi markes, kuriose
vyksta Zymus poky¢iai (sédimai). Desinéje tilto puséje
esanti 14 marké sédo daugiausiai -48,2 mm, o kairéje
puséje — 40 markeé sédo -37,1 mm. Tai rodo, kad tiltas
ne tik séda, bet ir krypsta.

2. Markiy Nr. 14 ir Nr. 40 sédimo greitis per metus
siekia apie -3,7 mm ir -2,9 mm. I§ markiy sédimo duo-
meny matyti, kad, praéjus 14 mety nuo stebéjimo pra-
dzios, sédimo greitis nemazéja. Néra jokiy pozymiy,
kad tilto konstrukcija pradéty stabilizuotis.

3. Atlikus 3D vizualizavimg galima pamatyti, kad zy-
mis ir ilgai trunkantys sédimai vyksta ties tilto viduriu.
Taip pat nustatyta, kad tiltas labiau krypsta j desine puse.
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4. Sisteminant visy cikly markiy nuosédziy mata-
vimo rezultatus naudinga taikyti jvarius vizualizacijos
btudus stebéjimo rezultaty analizei atlikti. Izolinijos
vaizduoja deformacijy kryptj bei deformacijy tolygu-
ma. ArcGIS programoje galima kurti erdvinj vaizda,
grafiskai pavaizduoti gauty rezultaty sklaida.

5. Dél vibracijy atsiradusios deformacijos daznai
vystosi kitaip (jy intensyvumas ir greitis didéja) nei de-
formacijos, atsiradusios dél statinio grunty apkrovimo.
Sios deformacijos daug pavojingesnés, todél jas daugelj
mety reikia nuolatos stebéti geodeziniais metodais.
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OVERVIEW OF SILAS BRIDGE
DEFORMATION MONITORING

Natalija Augiiniené, Jelena Pavliukovi¢

Vilnius College of Technologies and Design

Abstract. The continuous monitoring is required
for those building structures, which are intensively
used and there is a high probability of their failure.
When examining the condition, defects and damages
for the structure are determined and then their spread
trends can be predicted. For this purpose, verifiable
calculations of the carrying capacity of structures are
carried out , considering the future post-reconstruc-
tion load and other possible impacts.

Sometimes it is necessary to estimate the condi-
tion of structures under the impact of corrosive atmos-
phere, vibration , shock loads or fire.

The article presents the object of the research , the
deformation monitoring methodology and causes of
deformation are surveyed. The collected measurement
data is processed by mathematical methods. 14 years of
the measurements cycles are reviewed and the data is
presented graphically. After its analysis, changes in the
structure were investigated and the possible causes of
their occurrence are provided.

Keywords. Precise leveling, deformations, settle-
ment, uneven tilt.
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ONE BELT ONE ROAD INITIATIVE AND EASTERN BALTIC POliTS
EXPECTATIONS: GAP BETWEEN ECONOMIC THEORY AND
BUSINESS PRACTICE

Elena G. Efimova

St.Petersburg State University, e.efimova@spbu.ru

Abstract. World economic crises, anti-Russian sanctions and counter sanctions destabilized handled cargo volumes in
the Eastern Baltic ports. Seeking new cargo resources became an important problem for the port authorities. Asian direc-
tion, Chinese in particular, attract an attention of official institutes and business entities that are involved in transportation

activities.

Chinese-European land traffic can be realized by different ways. The primary beneficiaries of transport networks are
commodities owners. They choose routes and logistical technologies to provide the shortest, the cheapest and the fastest
delivery of goods. Spatial development and logistics theories demonstrate simple and easy mechanisms of cargo delivering.
But in practice we we are faced with unexpected commercial solutions.

The goal of this report is to explain the differences between theoretical recommendations and business practice. To reach
the goal we analyze international trade flows, summarize Eastern Baltic Port Authorities features, evaluate the political fac-

tor influence on trade and transport sector activity.

Key words: transport, logistics, One Belt One Road Initiative, Eastern Baltic ports

Introduction

The reasonability of establishing strategic transport
links is primarily determined by the steady commodi-
ties flows. The basis for the development of transna-
tional transport network can be formed either goods
generated by the bilateral trade of neighboring coun-
tries, or, more politically and economically perilously,
the international transit.

Modern Baltic States — Russia trade relations are
based on the historical business contacts. Taking into
account similar levels of national technology develop-
ment, inter industry commercial transfers can be ex-
plained by Heckscher-Ohlin-Samuelson two-factor the-
oretical model. E. Heckscher and B. Ohlin have shown
that inter-regional trade caused by the different resource
sufficiency and the intensity of using resources in differ-
ent countries. The international goods exchange is con-
sidered as the result of differences in the endowment of
factors (Ohlin 1967).The New Trade Model by P. Krug-
man takes into consideration intra-industry commer-
cial relationships between countries (Krugman 1994). P.
Krugman has shown that countries export products that
are redundant in the domestic markets.

S. Braakman, who specializes in the economic geog-
raphy, substantiate the location of the largest econom-
ic and transportation centers of Western Europe. He
shows the mainline of the road network locates along
the optimal (shortest) routes movement of goods.
(Brakman 2003).

Historically the formation of traffic routes occurred
by natural way. Originally inter-firm trade flows were
involved in international trade only. Subsequently, the
foreign operations of transnational corporations (TNC)
have become to define the occupancy rates of the linear
and nodal elements of transport infrastructure. Under
the circumstances priorities of selecting criteria in de-
livery ways were changed. Participants of the interre-

gional trade became increasingly interested in reducing
the overall transport and logistics costs and minimizing
business risks associated with compliance with contrac-
tual terms. The new goals can be achieved, in particu-
lar, by means of institutional cooperation between con-
cerned commercial entities and national governmental
institutions providing the transportation process.

Regional integration processes in the transport
sphere result in transit traffic. Recent experience in
trans-border relations shows that efficient cooperation
brings mutual benefits to all collaborating parties. The
experts identify several levels of trans-boundary co-
operation, including local contacts on specific issues,
the interaction between the local political and gov-
ernmental bodies, complex network contacts that in-
volve interaction at various levels and in different fields
(Shinkovski 2004). Transport and logistics coopera-
tion, in transit issues especially, is an example of cross-
border network contacts, where the interests of many
political and business actors are intersected.

Many factors affect the effectiveness transportation
and transit system due to the infrastructure is involved
in the development of different spheres of society. The
list of main factors includes the internationalization of
national economic systems, the willingness of govern-
ments and population to participate in internal proc-
esses, the coincidence of their political and econom-
ic agendas, and territorial location in the region. The
climate aspects should be considered in selecting the
appropriate mode of cargo transportation. When the
key forces and goals are defined, the impact on devel-
opment of transit shows the region’s ability to provide
transit traffic (internal factors): the level of transport
infrastructure development, ability to provide fast and
safe transportation, professional knowledge and skills
of local inhabitants in international business and tech-
nical supporting, an fair distribution of revenues from
transport and transit activities, etc. (Tsvetkov 2014)
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Methodology

Basic method in quantitative analysis of foreign
trade is statistical analysis. The method represents vis-
ually the current situation in the sphere and defines
the further prospects of its development. The results
and the comparison of factual data as well allowed ana-
lyzing the strengths and weaknesses of Russia — Baltic
States transport and transiting cooperation.

Dynamics in transport and logistics relations and
business contacts allows us to identify the factors that
shape national transit policy but also to submit its
short-term forecasts. To resolve the problem we use
statistical ten-year series to character the functioning
separate sectors of the Baltic States transport markets.

Empirical studies

The current legislation of the Russian Federation
motivates shippers and cargo owners to use the service
capacities of Russian ports. Some Russian companies
have found their handle niche in domestic ports. Other
business entities, having in focus on their assets in Baltic
States ports, do not change its time-tested freight routes.
To support national ports and guarantee solid cargo traf-
fic Baltic States’ officials and business actors implement
a strategy for attracting Asian transit. Ambitious project
One Belt, One Road One is considered as the most prom-
ising project for the survival of port infrastructure. The
task of empirical research is to assess the potential oppor-
tunities and infrastructure ports of the Baltic States to find
their segment of international traffic.

Table 2. Lithuania’s import and export (mln US$)

From the point of view of objective economic in-
terests, Russia is a more ambitious trade partner for
the Baltic States than China. Foreign trade statistics re-
vealed the fact (table 1).

Table 1. Comparative statistics on foreign trade of the Baltic
States with Russia and China, 2016, %

National import from National export to
Russia/ national import | Russia / national export
from China to China
Latvia 456% 260%
Lithuania 194% 250%
Estonia 212% 288%

Source: Trade statistics for international business development
http://www.trademap.org/Country_SelProductCountry_TS.aspx
tnvpm=1|643||||TOTAL|||2|1|1]2|2]1]2|1]1

Nowadays Kazakhstan is in focus of Baltic States
business entities. We include the country in our re-
search to understand its role in Baltic Sea region states’
foreign trade. The countries’ dynamics of international
trade flows in the study region are presented below.
Charts (fig. 1-6) excepting fig. 4a, 5b, 6b show declin-
ing or stagnation the trade volume in the region.

Thus, Poland and Sweden are much more involved
in Chinese trade flows. Cargo flows to Sweden seems to
be prospect from the point of view of transit. Depen-
ding on the location of Scandinavian business entities
the ports of Gdansk, Klaipeda, and Riga provide the
shortest route for Asian commodities. Finland-China
foreign trade demonstrated stable volumes in 2012-
2016. Main lines of the Russian Rail Network can be
used for the optimal delivering.

Sweden is the most attractive Chinese trade partner

Lithuania’s import Lithuania’s export
2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
China 682 751 884 806 784 86 117 135 113 136
Russia 10401 9784 7621 4597 3958 5598 6467 6755 3479 3374
Kazakhstan 164 200 717 318 371 444 586 545 430 317
Source: Trade statistics for international business development
http://www.trademap.org/Country_SelProductCountry_TS.aspx?nvpm=1|440||||TOTAL|||2|1]|1|1]2|1]|2|1]1
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Fig. 1. Lithuania’s import (a) and export (b)



One belt one road initiative and Eastern Baltic ports expectations: gap between economic theory and business practice

63

Table 3. Latvia’s import and export (mln US$)

Latvia’s import Latvia’s export
2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
China 447 446 468 461 444 60 111 140 120 130
Russia 1513 1405 1356 1192 1051 1446 1551 1457 927 871
Kazakhstan 84 52 43 128 8 60 80 64 47 43
Source: Trade statistics for international business development
http://www.trademap.org/Country_SelProductCountry_TS.aspx?nvpm=1|428||||TOTAL]||2|1|1]|2|2[1|2|1|1
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Fig. 2. Latvia’s import (a) and export (b)
Table 4. Estonia’s import and export (mln US$)
Estonia’s import Estonia’s export
2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
China 1413 1466 1506 1262 1262 138 157 204 171 191
Russia 2330 1873 2161 1544 1150 3180 3274 2473 1346 1302
Kazakhstan 143 70 98 61 48 170 170 138 47 38

Source: Trade statistics for international business development. http://www.trademap.org/Country_SelProductCountry_TS.aspx?nvp

m=1233]|||TOTAL|[2]1[1]2]2[1]2]1]1
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Fig. 3. Estonias import (a) and export (b)

in Nordics. Decreasing Finland’s import from China is
explained by the reorganization of Nokia OY]J in par-
ticular. Nowadays the largest Finnish company is on
UNCTAD TNC prestige rating (78" position according
to the World Investment Report-2017). So, growth of
China-Finland trade flows can be expected.

The charts show that the economic crisis has had a
significant impact on this trading relationship, excep-
ting Chinese export to Finland. Stable commodities
flows need in an adequate infrastructure. As we noted

. - —-—‘h—-—“—*
W g — —
2012

2013 2014 2015 2016

above, the main flow of goods is expected in the ports
of Gdansk, Klaipeda and Riga. Let’s consider the basic
capacities of the ports and its future possibilities.

Factual data analysis

Ports’ facilities to attract Asian cargoes consider
from two points of view: its geographical location and
logistical capacities. According to the criteria three Bal-
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Table 5. Poland’s import and export (mln. US$)

Poland’s import Poland’s export
2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
China 17258 19301 22993 22380 23448 1749 2120 2251 2017 1911
Russia 27956 25261 23406 14359 11537 9898 10805 9408 5707 5787
Kazakhstan 393 590 1719 948 538 568 597 571 402 326

Source: Trade statistics for international business development. http://www.trademap.org/Country_SelProductCountry_TS.aspx?nvp
m=1|616||||TOTAL|||2[1]1]1|2|1]2|1]1
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Fig. 4. Poland’s import (a) and export (b)
Table 6. Sweden’s import and export (mln. US$)
Sweden’s import Sweden’s export
2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
China 6621 6720 7292 6987 6512 5498 6004 5771 5321 5336
Russia 8904 7051 7938 4521 3660 3365 3531 3145 1702 1659
Kazakhstan 16 17 16 7 15 175 148 92 82 147

Source: Trade statistics for international business development. http://www.trademap.org/Country_SelProductCountry_TS.aspx?nvp
m=1|752||||TOTAL|||2[1]1]2]2|1]|2|1]1
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Figure 5a Sweden’s import (a) and export (b)

tic Sea ports can compete for large-scale traffic flows respectively. Two shipping alliances', and four ship-
from Asia. ping lines? replenished the list of shipping companies
in DCT Gdansk in 2015. Construction of a new termi-
Port of Gdansk nal aimed at doubling the annual cargo handling capa-
The technical possibilities of direct sea links with  city of the DCT to 3 million TEU was began in January
Asian ports lead to the development of DCT. The sta-  2015. As a result, container “buffer” was estimated to
tistics of container handling (table 9) demonstrates ra-  be 1,700,627 TEU in 2016. In October 2016, Deepwater
pid growth and positive prospects. Container Terminal (DCT) Gdansk became the largest
The Port Authority makes smart business policy container terminal in the Baltic.
and increases cooperation with the city government.
As a result E class and Triple-E class container ships
started to call at the Port of Gdansk in 2011 and 2013

1 2M (Maersk Line and MSC) and G6 (APL, Hapag-Lloyd, HMM, MOL,
NYK and OOCL)
2 UASC, Teamlines, Hamburg Sud and DAL
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Ta6muua 7. Finland’s import and export (mln. US$)

Finland’s import Finland’s export
2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
China 3384 2329 2458 2157 2123 3186 3495 3205 2666 2850
Russia 11737 12324 10016 5740 6083 7057 6871 5930 3350 3152
Kazakhstan 421 633 689 221 146 209 196 215 129 117

Source: Trade statistics for international business development. http://www.trademap.org/Country_SelProductCountry_TS.aspx?nvp

m=1|246|||[TOTAL|[2]1]1]2]2]1[2]1]1
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Fig. 6. Finland’s import (a) and export (b)
Table 8. China - Nordics bilateral trade (mlIn. USS$)
China’s import China’s export
2012 2013 2014 2015 2016 2012 2013 2014 2015 2016
Sweden 6923 6987 6792 6417 6158 6416 6799 7168 7099 6310
Denmark 2904 3376 4057 4095 4238 6541 5711 6548 6151 5404
Finland 3833 3906 4051 3485 3455 7441 5832 5099 3541 2875
Norway 3068 3468 4469 4146 3231 3020 2737 2731 2857 2600

Source: Trade statistics for international business development. http://www.trademap.org/Country_SelProductCountry_TS.aspx?nvp

m=1|156||| TOTAL|[2[1]1]1[2]1[2]1]1
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Fig. 7. China’s import (a) and export (b)
Table 9. Container handling in DCT Gdansk, 2006-2017
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

TEU 78364 96873 185661 240623 511876 685643 928905 | 1177623 | 1212054 | 1091202 | 1299373
tonnes | 753685 840202 | 1361693 | 2321910 | 4947223 | 6100512 | 7629909 | 9745259 | 10366114 | 10706301 | 13398464

Source: Port of Gdansk official web-site http://www.portgdansk.pl/about-port/cargo-statistics

Port of Klaipeda

Authority of Port of Klaipeda gives statistical data
about container turnover of post-Soviet states’ ports
(table 10).

Geographical location of Klaipeda ensures the
shortest way of cargo delivering from China to Swe-

den, southern Norway and Denmark. It is the prima-
ry advantage of the port that attracts cargo owners to
handle the commodities in Klaipeda.

The possibilities of spatial expanding Port of Klai-
peda are limited. New avant-port is under construc-
tion. The relocation of freight terminals from old har-
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Table 10. Container turnover in the ports of the Eastern coast of
the Baltic sea, TEU

Port Container turnover

2013 2014 2015 2016
St. Petersburg | 2,514,440 | 2,374,876 | 1,715,139 | 1,745,182
Klaipeda 402,747 450,428 392,674 | 443,312
Riga 381,099 387,603 355,241 385,937
Tallinn 253,627 260,293 208,784 202,327
Kaliningrad 322,624 325,189 179,378 189,180
Ust’ Luga 64,000 106,757 89,820 83,934
Liepaja 4,523 3,615 3,669 2,312

Source: Port of Klaipeda official web-site www.
portofklaipeda

bor to the open sea places is planned. But the Council
of Klaipeda has not finally approved the General plan
of the city development yet. So application to the EU
for funding is pointless.

In the case of excess demand on transshipment fa-
cilities over supply, a part of the cargo can be transfer to
nearby ports. Leading shipping companies calling at the
port of Klaipeda go to the port of Gdansk as well. Thus,
choosing the shipping company is not decisive factor in
routing procedure of consignors. The main criteria are
own assets in the port. There were some positive cases
of the foreign direct investment (FDI) in the port. Port
operator “China Merchants” proposed to build a spe-
cialized container port in Klaipeda. It would be a guar-
antee of Chinese goods transshipment through the port.
JSC “Belaruskali” owns by 30% terminal bulk cargo as-
sets. Belarusian company is the main shareholder of the
Lithuanian JSC “Fertimara” that is engaged in cargo
transportation by sea, ship brokerage and chartering,
and provides freight forwarding services. The company
also offers customs brokerage and warehousing services
as well as cargo handling (Fertimara official web-site).

As argument ‘pro’ port development is interna-
tional cargo liner trains. Railway routes connect port
of Klaipeda with Lithuanian regions, post-Soviet coun-
tries and China. We note that “Merkurijus” shuttle
links two neighbor ports: Klaipeda and Kaliningrad.

Free Port of Riga

Free Port of Riga may be useful for traffic to North-
ern Scandinavian territories. Riga is the nearest trans-
shipment port for cargo delivered to Stockholm, Oslo,
Northern Sweden and Norway.

The administration of Free Port is interested in
joining the project “One Belt, One Road”. Chinese
consigners consider the port Authorities as a serious
player. Latvia borders Russia, and it has reliable trans-
port infrastructure developed in the Soviet period. That
is why the freight train linking Riga and Yiwu (Eastern
China) is already running.

The positive argument ‘pro’ transit attraction is im-
plementation of environmental requirements. Modern
logistic and handling infrastructure on Krievu Island

will result in reducing pollution in the city historic cen-
tre because of the cargo terminals transfer. The project
includes construction of four water berths with depth
of 15.5 m with the possibility of further deepening to
17 m. Thus, the port of Riga can become deeper port
than Klaipeda and Gdansk harbors in prospect.

Discussion

The research is based on official statistical data and
facts. Nevertheless the main issues lie in a political di-
mension. Policy makers generate different scenarios of
Asian cargo flow route depending on official and busi-
ness actors’ behavior. But it is difficult to predict the
power balance in the future.

The basic determinant of cargo flows’ distribution is
the competition. It includes not only geographical loca-
tion and technical facilities of the ports and territories
but other factors endowment, motivation of powerful
external actors. In frame of “One Belt, One Route” ini-
tiative competition realize in different forms. It is com-
peting between ports of Baltic States and Poland. Rus-
sian Baltic ports, except Kaliningrad, will be unlikely to
participate in the distribution of Asian cargo flows.

Rivalry for FDI can result in selling port assets to
transnational corporations and strengthening foreign
actors’ influence on the transit and logistics business.
On other hand, the presence of direct investment in
port assets is a guarantee of loading port facilities with
goods of the assets owners.

National governments’ and port authorities’ posi-
tion is important as well. Thus, Estonian officials did
not participate in large-scale forum of “One Belt, One
Road” held in Beijing in May 2017 due to a small pro-
portion of Estonia in Chinese transit traffic. Moreover
the most investment projects in the country are frozen.
However, even under the circumstances economic and
commercial factors will play a leading role.

Conclusion

The strategic goal of the Baltic States and Poland
ports is defined by their niche in international traffic.
Port of Gdansk has the best technical opportunities in
Asian cargo flows attracting. But its geographical loca-
tion is worse than the port of Klaipeda. The weak po-
sition of the port of Kaliningrad is determined by the
necessity of double customs procedures and special
railway tariffs policy.

The gap between theoretical recommendations and
business practice in transport transit issues is explained
by the different levels of motivation. Theoretical rec-
ommendations are generated to support national secu-
rity by the officials on the state or regional levels. Busi-
ness activity is defined by the profitability of projects.
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Abstract. The paper substantiates the need to improve the existing strategy in organization of maintenance and repair of
locomotives. Many railway companies continue to use the preventive maintenance system for railway engines repairs. This
system of maintenance requires considerable funds for repair work, and the amount of repair work not always corresponds
to the actual technical condition of the locomotive. The usage of this approach in the organization of maintenance can be
considered as morally obsolete. Especially this approach is not effective for locomotives equipped with on-board diagnostic
systems. The analysis of maintenance and repair system for locomotives used on Ukrainian and Lithuanian railways is car-
ried out. Alternative approaches to the organization of the locomotive maintenance system and experience of their use in the
world are considered. Approaches and methods for the development of an intelligent strategy of maintenance and repairs
are proposed. Requirements to the structure and contents of the baseline data for the development of intelligent systems
are formulated. A technology for the collection and processing the information of the diagnostic systems for the intellectual
strategies development of technical content is proposed. The transition to more advanced strategy of hauling equipment
maintenance will lead to a reduction in the cost of repairs while achieving a high level of reliability.

Keywords: locomotive, maintenance, repair, intelligent technologies, diagnosis

In most cases, speaking about intelligent (Smart)
transport technologies, first of all, one means different
rolling stock and infrastructure management systems,
information monitoring and security systems, interac-
tive systems of customer communication and so on.
In addition to these systems, it is necessary to develop
intelligent systems for the organization of repair and
maintenance of rolling stock for the improvement of
all modes of transport. The purpose of creating such
systems is to reduce operating costs while improving
reliability and traffic safety.

In general, the maintenance (repair) strategy is a
system of rules (a set of provisions) for managing the
technical state of a product in the process of mainte-
nance (repair). At this, the adopted rules and regulati-
ons are based on the usage of diagnostics, forecasting
theories, automatic control, probabilities, machine re-
liability and optimization [5].

Developments of intelligent strategies of repair ma-
nagement are conducted for various modes of trans-
port [1-5], including for railway transport. When or-
ganizing repair of locomotives, existing strategies for
organizing of intelligent life-cycle management sys-
tems (system management of maintenance) used in ot-
her transport industries can be applied. The possibility
of using the existing strategies is explained by the ana-
logy of the physical processes leading to failures and by
similar purposes of creating the such systems.

The development of intelligent strategies for or-
ganizing the repair of rolling stock must first of all be
performed for locomotives, since the locomotive is a
technically complex object with a high cost. Modern
locomotives are equipped with on-board diagnostics
systems. For example, on Ukrainian railways there are
electric locomotives DS3, VL11M/6, fast-speed passen-
ger trains HRCS2; on the Lithuanian railways ER20CF
diesel-electric locomotives are operated, diesel-electric
trains 620M, 630M, electric trains EJ575.

The review given in [4, 7] considers intelligent sys-
tems of analyzing data and monitoring the state of lo-
comotives developed by leading world companies, as
well as managing the reliability of a locomotive fleet.
Companies provide their services to owners of rolling
stock equipped with on-board electronics systems. The
general trends of the developed systems are: usage of
wireless technologies for data transmission, remote
monitoring of the technical state of the locomotive,
usage of date analysis technologies for a large amount.
An increase in the time of the locomotive usage, reduc-
tion of failures in the route, reduction in the time spent
in the depot is the result of using the locomotive fleet
management systems.

The development of an intellectual strategy for the
technical maintenance of locomotives requires the use
of a systematic approach, since the objective of the sys-
tem is to manage with the reliability of the entire lo-
comotive fleet and plan the work of the repair units.
When developing a strategy for the technical mainte-
nance of locomotives, it is necessary to solve the follo-
wing problems:

1. Development of a technique for the nodes ranking
according to the degree of their impact on locomo-
tive efficiency and traffic safety.

2. Development of a technique for choosing a node
that limits the setting of the entire locomotive for
repair based on the results of diagnosis.

3. Choice of the criterion, according to which the lo-
comotive is planned to be repaired when it is selec-
ted from the general locomotive fleet.

4. Development of a technique for determining the re-
sidual technical resource for the node, system and
the locomotive in general.

5. Development of a technique for determining the ra-
tional volume of locomotive repair operations.

6. Development of a technique for planning the loa-
ding of repair units, taking into account the techni-
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cal state of the locomotive fleet and the volume of

planned repair work.

7. Development of a technique for planning the logis-
tic support for repair units, taking into account the
technical state of the locomotive fleet and the volu-
me of planned repair work.

8. Choice of the criterion for the organization of con-
trol systems for the reliability of rolling stock fleet
using diagnostic results.

9. Technology development of organizing the collecti-
on, analysis and storage of information of the loco-
motive fleet reliability management system.

The structural scheme of the proposed intellectual
strategy for locomotive fleet management is shown in
Figure 1. The initial data for the locomotive fleet ma-
nagement system is live data of operation (actual mile-
age, performed work), data on performed repairs (type
of repair, date and mileage at the time of repair), and
data of diagnostic systems. Based on the initial data,
the control system selects the locomotives from the ge-
neral fleet in accordance with the used criteria and po-
tentials of the repair units.

An integral part of the intellectual strategy for or-
ganizing the repair of rolling stock is the maintenance
and repair system. The maintenance and repair system
includes a combination of technical means, regulatory
documentation for maintenance and repair, and con-
tractors. The objective of the technical maintenance
system of vehicles is constant monitoring and main-
tenance of their technical condition and reliability at a
level sufficient to fulfill their assigned functions or re-
adiness for usage and performance of operating objec-
tives. In general, such service systems in the theory of
the organization of repair and maintenance of techni-
cal means are as follows:

— maintenance and repair system for failure,

— routine-preventive system,

— repair system upon actual status,

— combined maintenance and repair system.

The Lithuanian and Ukrainian railways use a rou-
tine-preventive system of maintenance and repair for
locomotives. It is known that the routine-preventive
system of maintenance requires considerable funds for
repair work, and the amount of repair work not alwa-
ys corresponds to the actual technical condition of the
locomotive. The usage of such approach in the orga-
nization of maintenance can be considered as morally
obsolete. Especially this approach is not effective for
modernized locomotives and new ones equipped with
on-board diagnostics systems. Maintenance systems
taking into account the actual technical condition of
the locomotives or the combined system of mainte-
nance are more progressive. For example, linking of
repair intervals to the hours of a diesel operation does
not take into account the diesel operating modes, idle
speed or run positions.

When using diagnostic systems, it becomes possi-
ble to take into account the power realized by the die-
sel-generator set (for diesel-electric locomotives with
electrotransmission). It more accurately reflects the
performed work and takes into account the operating
conditions.

In order to use the results of diagnostic systems, it is
necessary to create information-and-technical centers
for managing the technical condition of locomotives.
The objective of these centers is the development and
implementation of supporting systems for maintenan-
ce and repair of locomotives in live mode.

The work of these systems should be based on mo-
dern mathematical methods using: reliability theory,
statistical analysis, fuzzy logic systems and neural net-
works, queuing theory, logistics methods, etc. The de-
velopment of such systems is a time consuming and
science-intensive objective. The transition to a more
advanced maintenance system of the locomotive fleet
will be a result of their introduction. It will lead to a
reduction in repair costs, while ensuring a high level
of reliability. A simple control of the repair intervals in
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Figure 1. Structural diagram of the intellectual strategy of locomotive fleet management
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the direction of increasing or decreasing their values is
an analogy of guessing the answers, which can have se-
rious consequences both from technical and economic
points of view [6].

When researching the technical state of locomotive
nodes upon the results of diagnosis, statistical methods
of research are the most common ones. Statistical met-
hods are based on the forecasting the failure situation
of a locomotive node, taking into account the statisti-
cal law of the residual resource distribution. The tech-
nology of using such methods is known, it consists in
the statistical analysis of data sets. Using the existing
mathematical packages in order to analyze statisti-
cal data greatly simplifies the calculation process. The
main problem of usage of statistical methods is the de-
termination of the criterion, that is, the parameter by
which the change in the technical state of each parti-
cular node and the locomotive unit will be evaluated,
as well as the determination of the corresponding law
by which this parameter occurs. Usage of statistical
methods is expedient only if the law of variation in the
technical state of each particular node corresponds to
one of the basic types of distribution laws for which the
basic calculated relations are known.

Analysis of modern methods of the diagnostic re-
sults and forecasting changes of parameters in different
technical areas has shown that to date neural networks
are widely used in solving of various problems in diffe-
rent fields of human activity. Neural networks are acti-
vely used wherever conventional algorithmic methods
prove to be ineffective or completely impossible.

The neural network functions similarly to the hu-
man brain; the principle of its operation is the paral-
lel operation of many simple elements (neurons) and
their interaction with each other. In the human brain,
neurons interact through a series of pulses lasting se-
veral milliseconds. Each pulse represents a frequency
signal with a frequency of several to hundreds of hertz.
The frequency of neuron interaction is much less than
the frequency of modern computers, but at the same
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time, the human brain can process analog information
much faster than a computer, that is: recognize images,
detect taste, recognize sounds, read the handwriting of
others, and operate with qualitative parameters. All
this is realized through a network of neurons connec-
ted by links. In other words, the brain is a system of pa-
rallel processors, working much more efficiently than
popular now sequential calculations, which allows us
to talk about the promise of neural networks.

The main question that can be solved in the study
of the technical state of locomotive nodes using neu-
ral networks is the problem of the classifying the loco-
motive node failures, determining the technical state
of the locomotive based on an analysis of the previous
experience and the results of their diagnosis. Artificial
neural networks can be used to solve the problem of
classifying the faults of locomotive nodes and forecas-
ting the values of the nodes parameters. The architec-
ture of an artificial neural network, which has the name
of a multilayer perceptron, received the most common
application to solve these problems. The structure of
the multilayer perceptron is shown in Figure 2.

An example of a neural network [9] used for stu-
dying the traction motors operation of DE1 electric lo-
comotives is shown in Figure 3. The list of controlled
parameters is established in accordance with the list of
parameters controlled by the on-board diagnostics sys-
tem of DE1 electric locomotives.

Figure 2. Structure of the multilayer perceptron. A - input layer
of neurons, B - hidden layer of neurons, C - output layer of
neurons, X - set of input signals, Y - set of output signals, w —
weighting coeflicients of links between neurons

Neural network

Figure 3. Structure of the neural network for the study of the traction engines operation of DE1 electric locomotives
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When solving the problem of classifying faults of
locomotive nodes using the multilayer perceptron, the
controlled node is characterized by a set of parameters.
For analysis, it is necessary to determine the possible
number of serviceable and unserviceable technical sta-
tes of this node. Based on the control parameter sets, it
is determined to which class the node belongs, that is, it
is necessary to choose the exact technical state to which
the node belongs. The availability of sufficient data will
allow solving the problems of changes forecasting in the
technical condition of the nodes. Electric locomotives
DEI are equipped with an on-board diagnostic system,
its operation results can be processed using neural net-
works, which will increase the efficiency of the diagnos-
tic system and the reliability of electric locomotives.

In addition, neural networks allow solving the pro-
blems of approximation, determining the unknown
law of changing the values of the sampled data. A fe-
ature of neural networks is the ability to analyze data
subject to complex multidimensional dependencies, as
well as data analysis distorted by external noises.

The above considered examples allow us to talk
about the prospects of using the neural networks and
systems of not clear logic for analyzing the technical
state of locomotives. The mathematical apparatus of
neural networks is designed at a sufficient level, which
makes it possible to use applied mathematical packa-
ges for the analysis of data sets.

The result of the introduction of intelligent control
systems for the reliability of the locomotive fleet will be
the transition from a routine-preventive strategy to a
maintenance one taking into account the actual state
and results of diagnosis.

The main advantages of the intellectual strategy of
the locomotive fleet maintenance are as follows:

— possibility of forecasting the failure of locomotive
units on the basis of an individual operating history
and forecast models;

— diagnosis and accounting of the work performed
by the locomotive without entering the depot of the
registry, remote monitoring of the technical state of
the locomotive;

— automation of the planning and organization pro-
cess of repair services, taking into account resour-
ces limitations and the consequences of possible
failures.

The introduction of such systems is obvious and
unavoidable for a locomotive fleet, in view of the rate
of development of artificial intelligence systems and
the analysis of large amounts of data. The first stage of
the introduction of such systems is the creation of au-
tomated systems of accumulation and date analysis on
the reliability and operation of a locomotive fleet.
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tion of the objectives set out in the main strategic documents, i.e. the National Development Plan 2004-2006, the National
Cohesion Strategy 2007-2013, and the Partnership Agreement 2014-2020. The impact of the Cohesion Policy on the Polish
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Introduction

On May 1 2004 when Poland joined the European
Union it was one the poorest Member States, with the
country’s GDP per capita (at PPS) amounting to mere
48% of the EU average (in 2003) [2]. But this very fig-
ure did not reveal important interregional differences in
socio-economic development that existed at that time at
the level of the country’s NUTS-2 regions (voivodeships).
Despite noticeable improvement observed in all NUTS-2
regions between 2004 and 2014 in terms of their closing
of the gap towards the EU-average GDP per capita five
Eastern Poland voivodeships (lubelskie, podlaskie, pod-
karpackie, warminsko-mazurskie and $wigtokrzyskie so
far haven’t managed - despite significant allocations of
the Cohesion Policy funding - to reach even 50% of the
said average [5]. In my opinion the indicating that there
are serious structural factors at play when it comes to ex-
panding and utilizing their development potential.

On the eve of the country’s accession to the Euro-
pean Union, Polish regions were — together with Ro-
manian, Bulgarian and Hungarian ones - among the
poorest NUTS-2 units in the European Union, with
their GDP per capita ranging from 34% of the EU
average in the poorest voivodeship of Eastern Po-
land lubelskie (followed by podkarpackie with 35%,
podlaskie and warminsko-mazurskie with 36% and
swietokrzyskie with 38%) to 72% in mazowieckie
(whose level of development is heavily influenced by
the presence of Warsaw, and hides profound intrare-
gional differentiation) [4].

The EU Cohesion Policy place an important role in
the development of Poland and of its regions, as i.a. at-
tested by the fact that until the end of 2015 the country
has spend approximately EUR 78.4 billion of its alloca-
tion. Average allocation of CP funding over the period
2004-2016 amounted to 1.8% of the country’s GDP,
with the ratio of the said funding reaching as much as
2.8% of the GDP in 2012 and exceeding 2.5% in the
period 2013-2016 [4].

In the years 2004-2016, the highest nominal
amounts of CP payments were recorded in [4]: mazow-
ieckie (over EUR 12.6 billion), $laskie (over EUR 7.9
billion) and dolnoélaskie (almost EUR 6 billion), the
voivodeships of Eastern Poland stand out as the most
important beneficiaries of the said policy when their
allocations are compared to regional GDP or expressed
in per capita terms. It should be underlined that in case
of warminsko-mazurskie and podkarpackie the CP al-
locations in the analyzed period exceeded 3% of the re-
gional GDP and amounted to - respectively - EUR 2.5
thousand and EUR 2.7 thousand in per capita terms.

In the period 2004-2016 Poland was one of the fas-
test growing EU economies, and therefore has recor-
ded, along with Slovakia, one of the highest cumulated
increase in the GDP among the EU member states, ex-
panding by almost 59% (compared to 14.8% in case of
the EU). The relatively high economic growth in the
years 2004-2016 resulted, to a significant extent, from
the disbursement of the EU funds, which for example
allowed the Polish economy to absorb the effects of
external crisis during the financial crisis. In the article
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we would like to present i.a. — in a detailed way - the
results of selected econometric research commissio-
ned by Polish governmental agencies, which attempt
to quantify the impact of Cohesion Policy on the se-
lected macroeconomic indicators, attesting to the be-
nefits derived by the national economy and by regions
from the implementation of the said policy. For exam-
ple the most recent research contributed by the Insti-
tute for Structural Studies (using the family of Hermin
models - 16 separate models of each of the voivodeh-
sips and an overarching national model) confirms the
positive impact of the CP intervention on the that
throughout the analysed period estimating that almost
17% of the annual average growth in the period 2004-
2016 resulted from the implementation of projects co-
financed from the EU funds [6].

Another interesting finding derived from the dis-
cussed research indicates that % of the progress in clo-
sing the gap between Poland and the EU average level
of development in the period 2004 and 2016, when the
above-mentioned gap narrowed by 21 p.p. (from 48%
in 2003 to 69% in 2016) [5] is attributable to the Cohe-
sion Policy intervention.

Namely in 2014, GDP per capita (at PPS) in five
voivodeships of eastern Poland still did not exceed 50%
of the EU average [5], as these voivodeships reported a
relatively low degree of convergence - since 2004 they
narrowed the development gap by from 11 p.p. (in
case of $wietokrzyskie), through 12 p.p. in warminsko-
mazurskie to 13 p.p. (in case of lubelskie, podlaskie,
podkarpackie). Econometric research indicates that
the impact of the CP in those regions was the stron-
gest in Poland - with approximately 25 to 30% of the
convergence (in podlaskie and lubelskie) to as much
as 50% of it (in warminsko-mazurskie) resulting from
the implementation of projects co-financed from the
EU funds. However, this progress pales in comparison
with the achievements of the most developed voivode-
ships - that is of mazowieckie (closing the gap by 36
p.p. — to reach 108% of the EU average in 2014) and
of dolnoslaskie (closed the gap by 27 p.p. and reached
76% of the EU average) [4]. In the latter regions, ap-
proximately 23 - 24% of the convergence resulted from
the implementation of CP [4].

Despite the Cohesion Policy intervention regions
of Eastern Poland continue to stand out as the most
affected by the problem of destitution, with the highest
percentage of people subject to this problem record-
ed in 2014 in warminsko-mazurskie and podlaskie
voivodeships, where about one person in four was at
risk of relative poverty as opposed to 11-12% in maz-
owieckie, §lgskie and dolnoslaskie. To reduce regional
disparities it is indispensable to stimulate more robust
economic performance in lagging regions, which will
be important for promoting faster and more inclusive
growth of the country. For example IMF [7] experts es-
timate that if one third of the gap in the GDP per capita
level that currently exists between the regions charac-

terized by the higher than national average level of de-
velopment and those recording below average figures
were to be reduced it could expand the country’s GDP
per capita by 7%, leading therefore to additional con-
vergence to the EU-28 average income level by about 5
percentage points [7].

Such circumstances point out to the need of stimu-
lating, i.a. productivity in the lagging regions as a path
to reducing regional disparities, since there is a robust
empirical relationship between the level of per capita
income and productivity, with more developed regions
displaying higher productivity that the less developed
ones. It should be also underlined here, that regional
productivity, which determines that development po-
tential of individual regions depends also on many fac-
tors, other than the regions’ current level of develop-
ment as measured by their GDP per capita figures. The
identification of such factors constitutes an important
challenge for formulating policy options conducive to
narrowing the differences in development. In such a
context I would like to discuss the factors which im-
pact the productivity at the regional level and assess
their importance in case of Polish regions. The impact
of the EU funds has been subject to a regular evalua-
tion on the basis of selected indicators related to the
implementation of the objectives set out in the main
strategic documents, i.e. the National Development
Plan 2004-2006, the National Cohesion Strategy 2007-
2013, and the Partnership Agreement 2014-2020. The
impact of the Cohesion Policy on the Polish economy
in the years 2004-2016, including forecasts up to 2023,
is evaluated on the basis of the studies carried out by
IMAPP and the Institute for Structural Research with
the use of the model EUImpactMOD, which belongs
to the category of dynamic stochastic general equilib-
rium models (DSGE). Additionally, some indicators
have been estimated with the use of econometric mod-
ule [6].

The Cohesion Policy Funds Used in Poland in
the Years 2004-2016

By the end of 2016, Poland has used PLN 358.4 bil-
lion from the structural funds and the Cohesion Fund".
The average annual payment under the Cohesion Pol-
icy amounted in the analysed period (2004-2016) to
1.8% of the GDP. In regional terms, the highest nomi-
nal amount of payments in the years 2004-2016 was
allotted to the following voivodeships: Mazowieckie —
over PLN 58.2 billion and Wielkopolskie — over PLN
35.3 billion, followed by the Dolnoslaskie — over PLN
27.7 billion and Lodzkie voivodeships - PLN 26.7 bil-
lion. The lowest nominal amount of payments was re-
corded in the Opolskie Voivodeship— PLN 7.7 billion
and the Lubuskie Voivodeship - approx. PLN 9.6 bil-
lion [4]. Taking into account the Cohesion Policy funds

1 As per the amount of the payment requests — the EU co-financing.
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in relation to GDP and in per capita terms, the high-
est level of payments was observed in the Warminsko-
Mazurskie and the Podkarpackie voivodeships (in
these regions the EU funds were equivalent to respec-
tively 3.4% and 3% of GDP and to PLN 13.1 thousand
and 11.3 thousand per capita) [4]. During the analysed
period, the greatest EU support was directed towards
projects related to the development of basic infrastruc-
ture (transport infrastructure, energy, environmental
protection, and social infrastructure). In the major-
ity of voivodeships, these expenditures amounted to
approx. 2/3 of the total funds received. The remain-
ing part of the invested funds was distributed nearly
equally between the human resources development
and the direct support for the production sector. There
is a similarity between various regions in terms of the
support structure. However, certain difference in this
respect is characteristic for the Opolskie and the Lubel-
skie voivodeships: (where the expenditures on infra-
structure -approx. 50%- are relatively low, while the
support for the production sector is relatively high).

The investments co-financed from the EU funds ac-
count for a significant share of public investments in
Poland. In 2016, the total investment outlays amounted
to PLN 242.6 billion, out of which public investments
accounted for approx. 37.3% (over PLN 90 billion?) [4].
The average share of the investments financed from the
EU funds in the total public investments had been on
an increasing trend since Poland’s accession to the EU
and in 2013 it exceeded 50%. In recent years, however,
the said share was gradually declining - from 48.6%
in 2014, to 44.4% in 2015 and to 35.3% in 2016, and it
exhibited certain regional differentiation [4]. The in-
vestments financed from the Cohesion Policy domi-
nated in Opolskie, Lodzkie, Lubelskie and Podlaskie
voivodeships (where their share amounted to from
55% to over 70% of the public investments). On the
other hand, in Slaskie, Mazowieckie, Kujawsko-Po-
morskie voivodeships majority of public investments
was financed from domestic sources®.

Economic Growth and Structural Changes in
the Economy

In the years 2004-2016, Poland, along with Ireland
and Slovakia, achieved the highest cumulative increase
in GDP among the EU Member States. Since the EU ac-
cession the country’s economy has expanded by nearly
63.4%, while the average cumulative increase in the EU-
28 amounted to 17.2% [5]. The relatively high economic
growth in Poland in the years 2004-2016 (amounting
to 3.8% on an annual average basis, as against 1.2% in
the EU-28) was to a large extent driven by the use of the
EU funds. During the economic crisis, the EU funds al-
lowed to cushion the effects of external shocks and con-

2 Estimated on the basis of the share of public investments in 2015.
3 Data for the voivodeships for 2015.

tributed to the implementation of the national policy for
the stabilization of public finances [1].

The impact of the Cohesion Policy on the economic
growth was positive throughout the entire analysed pe-
riod - it is estimated that over 11% [4] of the average
annual growth resulted from the implementation of
the EU co-financed projects. By stimulating the in-
vestment demand, the EU funds affected the increase
in both disposable income and consumer demand,
thus contributing to the GDP growth. The inflow of
the EU funds significantly contributed to the real GDP
growth.

The observed positive impact of the EU funds on
the level of economic activity in the country is related
to the existence of two basic channels through which
the EU funds influence the economy, namely the de-
mand channel and the supply channel. The impact of
the funds exerted through the demand channel is par-
ticularly strongly related to the scale of the inflow of
the funds in individual years. The funds received boost
aggregate demand in the economy in a given year,
above all by stimulating investments (both the public
ones, e.g. in the field of transport infrastructure, and
the private ones, e.g. through the direct support for in-
vestments carried out by enterprises). Simultaneously,
the increased investment activity of the state and en-
terprises generates an additional demand for labour,
which leads to the increased disposable income of the
population by expanding employment level and by the
gradual increase in salaries, as well as has a positive im-
pact on the value of the consumer demand. It should
be underlined, therefore that the existence of the de-
mand effect depends on the constant inflow of the EU
funds; once they expire (e.g. in relation to the expiry
of a given financial perspective), the effect disappears.
The years 2015-2016 illustrate such a case. In addition
to bringing about an increase in aggregate demand, the
European funds exerted a positive impact on the value
of GDP through the supply channel. The funds re-
ceived contributed to the expansion of the economy’s
productive capacity by accelerating the accumulation
of the private capital by enterprises (thanks to subsi-
dies and investment loans), expanding the public capi-
tal stock (through the development of basic infrastruc-
ture) and enhancing the quality of the human capital.
This has caused a gradual increase in labour productiv-
ity, and consequently contributed to expanding pro-
ductive capacity of the entire economy. In contrast to
the demand effects, the surfacing of supply effects takes
more time and requires a systematic inflow of the EU
funds; however, the supply effects were relatively more
durable than the demand effects of the interventions.

Significant weakening of the EU funds impact on
the level of GDP is visible in the years 2016-2017, due
to both full utilization of the funds under the 2007-
2013 financial perspective and still limited scale of the
projects under the 2014-2020 financial perspective. As
a result, these years are characterized by a significant
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weakening of the demand stimulus, particularly when
it comes to stimulating investments in the economy.

The investments financed from the EU funds consti-
tute also a factor stimulating changes in the sectoral
structure of the economy, as evidenced particularly by
the increased share of sector II (industry and construc-
tion), in the gross value added, with the concomitant
decrease in the share of sector I (agriculture).

The funds fuelling the Polish economy under the
Cohesion Policy contribute also to the intensification
of the processes of real economic convergence between
Poland and the EU, thus implementing one of the fun-
damental objectives of this policy. Poland catching up
to the average level of economic development in the
European Union results, on one hand, from dynamic
economic growth, associated with the increase in the
material and human capital endowment, and from the
technological progress which boosts labour productiv-
ity on the other hand.

In the years 2004-2016, the gap between Poland
and the EU-28 in GDP per capita (in PPS) terms no-
ticeably narrowed - by 21 p.p. (from 48% in 2003 to
69% in 2015, out of which nearly 1/5 resulted from
the implementation of the Cohesion Policy [4] [5].
The EU funds should enable Poland to reach 75%-78%
of the EU average GDP per capita level by 2020 [4].

What is equally important, the implementation of
the Cohesion Policy contributes not only to narrow-
ing of the gap between Poland and the average level
of the social and economic development of the EU-
28, but also to mitigating the processes of internal
diversification. The gap between Polish regions and
the average level of economic development of the EU-
28 countries has been decreasing gradually, as the EU
funds help all Polish regions to move closer to the av-
erage level of the economic development of the EU-28
countries, although the convergence process is differ-
entiated territorially.

In 2015, GDP per capita (in PPS) in five voivode-
ships of Eastern Poland did not exceed 50% of the EU
average [5]. Furthermore, these voivodeships dem-
onstrated a relatively low pace of convergence to the
EU-28 average. In the years 2004-2015, GDP per cap-
ita (in PPS) in relation to the EU-28 average level in-
creased in each of these regions by from 11 p.p. (the
Swietokrzyskie Voivodeship) to 13 p.p. (the Podlaskie
Voivodeship). Simultaneously, the impact of the Co-
hesion Policy was the greatest in these regions - from
approx. 33-35% of the gap narrowed (Swietokrzyskie
and Lubelskie voivodeships ) to as high as 42% (the
Warminsko-Mazurskie Voivodeship) being driven by
the projects co-financed from the EU funds. The fast-
est convergence process towards the EU average was
observed in the richest voivodeships - Mazowieckie
(by 37 p.p.) and Dolnoélgskie (by 27 p.p.) [4]. In these
regions, approx. 15% of the gap’s narrowing resulted
from the implementation of the investment projects
co-financed from the EU funds.

Investment Activity and R&D Expenditures

One of the factors determining the economy’s de-
velopment potential is the relation between the funds
allocated to consumption and those allocated to ac-
cumulation, with the gross fixed capital formation
(GECF) expenditures being the most important com-
ponent of the latter [1]. In 2016, the GFCF expendi-
tures (in current prices) and were, despite a decrease
in 2016, over two times higher than in the year pre-
ceding our country’s EU accession (they amounted to
PLN 334.3 and PLN 153.7 billion respectively) [4]. The
implementation of the Cohesion Policy in Poland con-
tributed to the expansion of the scale of investments in
the economy. The EU funds allowed to considerably
increase investment expenditures by stimulating pub-
lic investments, under which large investment projects
have been carried out, including the development of
transport infrastructure. Significant funds were also
earmarked for subsidies and investment loans for com-
panies. These funds improved the profitability of the
investment projects carried out and limited the scale
of the financing gap in the economy, thus expanding
the scale of the private sector’s investment activity.
The greatest impact was recorded in the years 2012-
2015, when the EU expenditures allowed to increase
the GFCF expenditures by over 30% [2] compared
with the scenario implying the absence of the Cohe-
sion Policy.

It should be noted that the impact of the EU funds
on the value of investments in the economy is only
partly related to the implementation of the projects co-
financed from the EU funds. A large part of additional
investment expenditures was generated by enterpris-
es which are not direct beneficiaries of the Cohesion
Policy. Such enterprises increased their fixed capital
formation expenditures in order to expand their pro-
ductive capacity in the light of an increasing aggregate
demand in the whole economy. On the supply side, a
positive impact on the investment activity of all entre-
preneurs was generated by investments in the public
sector which improved the private sector’s produc-
tivity by expanding the stock of public capital in the
economy.

The investment rate, which reflects the share of the
gross fixed capital formation expenditures in GDP, re-
corded a significant decrease in 2016 compared to the
preceding year - the rate amounted to 18.1% of GDP
(as against 20.1% in 2015) — and was lower by 1.6 p.p.
than the EU average [2]. It should be underlined that
the highest investment rate was observed in Poland in
the years 2007-2009 (from 21.4% to 23.1%), mainly
thanks to the private sector’s investments, but also on
the account of growing share of the public investments,
including those of the general government sector. The
annual average investment rate in the years 2004-2016
was lower than in the EU and was the lowest one in the
region of Central and Eastern Europe.
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In the entire analysed period (2004-2016), the im-
pact of the Cohesion Policy on the investment rate
was positive — the use of the EU funds increased the
indicator’s value by at least 5 p.p. beyond the level
which would be achieved in case of no financial assist-
ance from the EU.

The inflow of the EU funds also favourably influ-
enced labour productivity. This was mainly related to
the employees enhanced access to the means of produc-
tion, to their improved skills and competences (human
capital) and to the expanded stock of public capital in
the economy (public infrastructure). During the entire
period 2004-2016, labour productivity in Poland in-
creased faster than in the EU-28. Compared to the EU
average, its level expressed in GDP per working per-
son (taking into account differences in the purchasing
power of currencies) increased from slightly over 60%
in 2004 to 75.2% in 2016 [2]. The EU funds contributed
approx. 2 p.p. in the years 2012-2015 and 1.5 p.p. in
2016 to narrowing the gap between labour productiv-
ity in Poland and the EU-28 average value.

It is worth noting at the same time that the impact
of the EU funds on labour productivity is significantly
lower than the analogous impact on GDP. This results
from a positive impact of the Cohesion Policy on the
level of employment, which is another - apart from
labour productivity - factor influencing the value of
GDP. The relation of R&D expenditures to GDP is
still low in Poland - in 2015 it amounted to 1% (as
against the EU average of 2.03%) [5], while the persist-
ing challenge for our country is to achieve the desired
“national goal” of the Europe 2020 Strategy, as well as
the respective goal of the Strategy for Responsible De-
velopment set at the level of 1.7% of GDP by 2020 [3].

It should be noted that the share of R&D expendi-
tures in GDP has been gradually increasing and is now
almost two times higher than the one recorded in 2004
(0.55% compared to the EU average of 1.75%) [5]. It
should also be noted that there is a gradual change vis-
ible when it comes the low level of research and devel-
opment investments in the business enterprise sector.
Low R&D investments on the part of the said sector
not only resulted in the sector’s low share in the R&D
expenditures in Poland but also were particularly dis-
advantageous for the economy.

The EU funds have significantly contributed to in-
creasing the share of R&D expenditures in GDP - it
is estimated that in recent years their impact amounted
to approx. 0.3 p.p.

Labour Market

At the time Poland’s accession to the EU, the coun-
try was exhibiting the lowest employment rate in the
EU, however it subsequently recorded the greatest
growth of this rate - which by the end of 2016 was
by 12.2 p.p higher than initially. Nearly 1/5 (approx.

2.3 p.p.) of the increase in the employment rate in
the years 2004-2016 was driven by the investments
co-financed from the EU funds. What is important,
the crisis caused only a slight decrease in the emplo-
yment rate in Poland, largely thanks to the EU funds.
In 2016, the employment rate for persons aged 20-64
years amounted to 69.3% [5], being only slightly (by
1.8 p.p.) lower than the EU-28 average (in 2004), the
gap was as high as 10 p.p.). Employment rates vary be-
tween regions. In 2016, the lowest employment level
was characteristic for the Warminsko-Mazurskie Voi-
vodeship (63.4%), while the highest one was characte-
ristic for the Mazowieckie Voivodeship (73.9%). Fol-
lowing Poland’s accession to the EU, the fast pace of
catching-up in employment has been recorded in the
Lubuskie and Dolnoslaskie voivodeships — by 17.5-18
p.p- [4] The worst situation was recorded in the Lubels-
kie and Podkarpackie voivodeships, where the emplo-
yment rate increased in the years 2004-2016 by only
5.2-7.3 p.p., while nationwide the average annual rate
of improvement was about twice as high [4].

The use of the EU funds favourably influenced the
employment rate in all voivodeships. The strongest
impact was recorded in the Warminsko-Mazurskie,
Zachodniopomorskie and Podkarpackie voivode-
ships - it is estimated that in these regions the Cohe-
sion Policy contributed approx. 3 p.p. to the growth
in employment rate. The weakest impact of the Cohe-
sion Policy on the labour market was recorded in the
Swietokrzyskie and Slgskie voivodeships (approx. 1.7
p-p.)-

The positive impact of the EU Cohesion Policy
manifests itself in the creation of new jobs, the im-
proved qualifications of employees and their better
adaptation to changing labour market conditions. In
2016 the number of working persons aged 20-64 years
amounted to 15.8 million. In the period 2004-2016, the
growth rate of the number of working persons was one
of the highest in the EU, leading to an increase in their
number by over 2.5 million [2]. The number of new
jobs created thanks to the investments co-financed
from the EU budget is estimated at 500-600 thou-
sand [4].

In addition to its impact on the general level of em-
ployment, the implementation of the Cohesion Poli-
cy simultaneously triggers changes in employment’s
sectoral structure. The EU funds influence on the la-
bour market is stronger through the demand channel,
enhancing the significance of the industrial and con-
struction sectors and of the services sector while simul-
taneously reducing the share of agriculture in the em-
ployment structure.

The positive impact of the EU funds on the labour
market is also visible in the significant decline in the
unemployment rate. Upon joining the EU, Poland
had the highest unemployment rate* in the EU (19.1%).

4 Unemployment rate among persons aged 15+ according to the Labour
Force Survey (BAEL).



Impact of the EU cohesion policy on disparities in socio-economic development of Polish regions in the years 2004-2016 77

However, in the post-accession years, the unemploy-
ment rate was falling fast - to 6.2% in 2016 and is now
lower by 2.3 p.p. than the EU average [6].

Particularly strong positive impact of the funds
on the unemployment rate was recorded in the years
2012-2014, when the significant inflow of the EU funds
generated an additional demand in the economy, si-
multaneously mitigating consequences of the econom-
ic slowdown related to the second wave of the global
financial crisis. Thanks to these funds the unemploy-
ment rate increased to 10.3% only, compared to the
level of 13.8% estimated under the scenario without
the EU funds. In the upcoming years, the impact of the
EU funds on the unemployment rate will be weaker,
on account of both, their smaller inflow and a gener-
ally lower unemployment rate in the economy result-
ing from the favourable economic situation and from a
gradual decrease in the number of the working age per-
sons in Poland. The EU funds contributed significantly
to the reduction in the unemployment rate. Thanks to
the investments of the Cohesion Policy funds, the un-
employment rate among persons aged 15+ years was
lower by 3 p.p. on average in the years 2012-2016 than
if no investments co-financed from the EU funds had
been undertaken [6]. This translates into an absolute
decrease in the number of unemployed persons by
over half a million.

At a regional level, the highest unemployment
rate was observed in 2016 in the following voivode-
ships: Podkarpackie (9.6%), Swietokrzyskie (8.9%) and
Warminsko-Mazurskie (8.8%) [4]. The investment of
the EU funds contributed to unemployment rate reduc-
tion in all voivodeships. The Warminsko-Mazurskie
voivodeship was the biggest beneficiary of the said im-
pact. It is estimated that in this region the investments
co-financed from the Cohesion Policy were responsi-
ble for approx. 3 p.p. of the recorded decline in unem-
ployment rate. A high impact (over 2.5 p.p.) was also
recorded in the Podkarpackie and Zachodnio-Pomor-
skie voivodeships. On the other hand, the lowest im-
pact (of approx. 1.6 p.p.) of the Cohesion Policy on the
labour market was recorded in the Swietokrzyskie and
Slaskie voivodeships [6].

It is worth adding that the labour market proc-
esses determine to a large extent the level and dynam-
ics of the social development in a particular area. The
increased demand for labour force limits an array of
negative consequences related to long-term unemploy-
ment or professional inactivity, including poverty, so-
cial pathologies, apathy, feelings of powerlessness and
helplessness. Therefore improved labour market situ-
ation contributes to enhancing public sentiments in a
particular country/region and increases its investment
attractiveness. By expanding the use of labour force’s
potential in a particular area, it is possible to increase
the volume of goods and services produced there and
hence given area’s real wealth. Therefore, the contribu-
tion of the Cohesion Policy to improving the situation

on the Polish labour market should be regarded as sig-
nificant.

Life Quality

Compared to the European Union, Poland be-
longs to the group of countries with the lowest gross
income per capita (real adjusted gross disposable in-
come of households per capita in PPS) — which in 2015
amounted to 69.1% of the EU-28 average [2]. Other
Central European countries are in a similar situation.
Since Poland’s accession to the EU there has, however,
been both an absolute and relative growth — compared
to its level in 2005, income has increased by nearly 40%
(19 p.p.), which constitutes one of the greatest increas-
es in the European Union - along with Romania and
Slovakia [2].

Thanks to the EU funds the convergence process in
the analysed area is slightly faster — while in 2005 the
difference between the base scenario and the scenario
without the EU funds for this indicator was close to
zero, in 2015 it amounted to 2.2 p.p. (which means that
the EU funds accounted for nearly 12% of the conver-
gence observed in the years 2004-2015 [6]. A favour-
able impact of the EU funds is also noticeable when
it comes to reduction in the scale of relative poverty -
as evidenced by the percentage of persons earning less
than 60% of the median equivalent income. In Poland
the percentage of persons living below the threshold of
relative poverty decreased from 20.5% in 2005 to 17.6%
in 2015 - simultaneously, the average level of this in-
dicator in the EU-28 worsened from approx. 16% to
17.3% [6]. This signifies that in Poland the value of
this indicator is nearly identical to the EU-28 average.
Furthermore, the pace of poverty reduction in Poland
(-2.9 p.p.) has been the second fastest in Europe, fol-
lowing Ireland (-3.4 p.p.) [6].

It is estimated that in 2015 the positive impact of
the funds on relative poverty amounted to approx. 5
p-p. — in the absence of the Cohesion Policy, the indica-
tor would have been much higher than the EU average
and would have amounted to approx. 22.6% [6]. As es-
timated, the funds influence the analysed area through
two indirect effects, i.e. GDP growth (leading to in-
creasing disparities) and poverty reduction (resulting
in decreasing disparities), whereby the unemployment
rate is the most important determinant of inequalities.
Poverty reduction does not only decrease the number
of persons without incomes, but also results in increas-
ing remunerations for employees formerly threatened
with unemployment.

The Cohesion Policy contributed also to decreasing
income disparities measured by the Gini coefficient
(which is correlated to the at-risk- of-relative-poverty
rate). In the years 2006-2015, Poland recorded a fall
in the value of this indicator from 35.6 to 30.6, while
at the same time it slightly increased on average in the
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EU - from approx. 30.6 to 31.0 [6]. As estimated, the
impact of the EU funds on the decline in Gini coef-
ficient was the highest in the years 2012-2016 (within
the range of 2.0-2.5 p.p. in each of these years) [6].

Conclusions

The impact of the Cohesion Policy under the Par-
tnership Agreement 2014-2020 on the development of
the country and of its regions will remain favourable,
however, its scale is estimated to be lower than in the
past. The main factors behind weaker impact of the
Cohesion Policy in the upcoming years include the fol-
lowing:

a) differences in the real weight of the funds for the
years 2014-2020. The value of the funds allocated
to Poland in the years 2014-2020 is higher in nomi-
nal terms than the funds for the period 2007-2013.
However, what matters from the perspective of
analysing the impact of financial interventions on
development processes is the real value of the in-
vested funds related to the scale of the entire natio-
nal economy. The comparison of allocations under
two financial perspectives, demonstrates that the
weight of the funds for the years 2014-2020 (1.5%
of GDP on an annual average basis) is lower than
the relevant value for the years 2007-2013 (2.1% of
GDP on an annual average basis). This determines
in turn the scale of demand-side and supply-side
mechanisms. In a larger economy, given allocation
is distributed among a larger number of enterprises
making it more difficult to achieve an appropriate
critical mass of support and the desired economies
of scale. An increase in the size of the economy
expands — in case of countries and regions with si-
milar deficits as Poland and its voivodeships — the
demand for basic infrastructure and human capital.
Should the material and human capital resources
not grow proportionally to the increasing demand,
the financial intervention will generate lower eco-
nomic effects than in case of public investments cat-
ching up with the needs of the private sector:

b) it should also be noted that compared with the years
2007-2013 the infrastructure stocks, the stocks of
physical capital of enterprises in the form of buil-
dings and structures and machinery and the human
capital resources are now larger than during the
early phase of the implementation of the National
Strategic Reference Framework (NSRF). This im-
plies relatively lower effects generated by an incre-
ase in the above-mentioned resources due to the
economy’s higher degree of saturation with them;

¢) to a certain extent lower results of the simulation in
the perspective 2014-2020 are also influenced by

the fact that compared with the period 2007-2013

the infrastructure expenditures represent a relatively

smaller part of the total payments. In the situation

of still noticeable deficits in the Polish transport sys-
tem, the impact of the extension and modernization
of the stocks of infrastructure on the economy is still
high. Even the most innovative business projects or
the enhanced human capital will not translate into
development processes under the circumstances of
a low accessibility of the country/region. As long as
an effective transport system (understood as a fa-
vourable accessibility in terms of travel time) is not
in place, the expenditures on infrastructural projects
will generate the greatest effects. In the long term,
however, the investments undertaken in the field of
research and development and implementation of
research results will become of key importance.

The impact on the rate of the GDP growth will be
small after 2017 mainly due to the fact that the initial
demand effects will - thanks to the infrastructural ex-
penditures, the support for innovation and the accu-
mulation of human capital - gradually be transformed
into a long-term supply-side effects. This means that
year by year the additional increase in GDP as a result
of the demand effect will be smaller. It is worth noting,
however, that despite the small impact on the dynami-
cs of GDP, in 2020 the value of GDP (in Polish zloty, in
current prices) will be higher by approx. 5.7% thanks
to the EU funds, compared with the scenario without
the Cohesion Policy. The EU funds will continue to fa-
vourably influence the real economic convergence be-
tween Poland and the EU. By 2020, the EU funds will
enable Poland to achieve the level of GDP per capita
as high as 75-78% of the EU average. Since Poland’s
accession to the EU until 2020, the development gap
between Poland and the EU will have decreased by ap-
prox. 30 p.p., with the 4 p.p. being the effect of the Co-
hesion Policy’s implementation. Labour productivity
will experience a further increase, with the Cohesion
Policy contributing significantly to the bridging of the
gap between our country and the EU average level of
labour productivity. Taking into account forecast years
(2017-2020), the annual average impact of the funds
will be two times higher than to date. A positive im-
pact of the flow of the funds invested under the Cohe-
sion Policy on labour productivity stems from an in-
crease in the labour efficiency through the extension
and modernization of the enterprises’ physical capital
stock, the improved work organization, the specializa-
tion of the production process (related to the increa-
sing production scale) and the development of human
capital, as well as from the improved management of
production resources in enterprises. The positive im-
pact of the Cohesion Policy on labour productivity also
derives from factors which do not directly influence
the quality and productivity of working persons (e.g.
the extended basic infrastructure), but which stimu-
late total factor productivity improvements, while at
the same time causing an increase in the volume of the
produced goods and services. In 2020, labour produc-
tivity in Poland (expressed in GDP per capita in PPS)
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will exceed 80% of the EU average. The impact of the
Cohesion Policy on investments will remain high - in
the forecast years (2017-2020), the gross fixed capital
formation expenditures will be higher by 25% on an
annual average basis, and the investment rate will be
higher by approx. 4.5 p.p. on an annual average basis.
The favourable effect of the European Cohesion Policy
will still be visible on the labour market. As estimated,
by 2020the employment rate for persons aged 20-64
years will be as high as nearly 73%, with the impact of
the Cohesion Policy amounting to approx. 2.3 p.p. The
number of new jobs created in the course of the inves-
tments co-financed from the EU budget will remain on
the level of approx. 450-500 thousand persons. The-
re will be a similar impact on reducing the unemploy-
ment rate — it will be lower by approx. 1.7 p.p. thanks
to the EU funds.

On a regional basis, it may be expected that in the
longer term the interventions financed from the EU
funds will translate the most into the development
of Eastern Poland, which is expected to receive the
highest amount of funds - in both per capita terms and
in relation to the size of the regional economy. Such an
allocation of the available funds will allow this group of
voivodeships to achieve by 2020 the GDP per capita at
the level of approx. 52-53% of the EU-28 average, with
approx. 4.5-5.5 p.p. of the gap bridged resulting from
the EU funds support for the regions. However, one
should remember that the Cohesion Policy is just one
of the elements which should enable the harnessing of
the regions’ endogenous potentials and hence the in-
tensification of the development processes. The imple-
mentation of the Cohesion Policy has contributed not
only to narrowing the gap between Poland and the EU
average level of the socio-economic development, but
also to mitigating the processes of internal differentia-
tion. The gap in the economic development of all Po-
lish regions against the EU average has gradually been
closing since the accession.

It is estimated that over 11% of the annual avera-
ge GDP growth stemmed from the implementation of
projects co-financed from the EU funds. The gap bet-
ween Poland and the EU-28 measured in GDP per ca-
pita (in PPS) narrowed markedly - by 21 p.p., out of

which nearly 1/5 has been driven by the Cohesion Poli-
cy. The EU expenditures expanded the gross fixed ca-
pital formation expenditures by over 30%, while the
investment rate was higher by at least 5 p.p. than the
counterfactual level (one estimated on the assumpti-
on of the lack of the EU financial assistance). The EU
funds contributed to expanding the share of R&D ex-
penditures in GDP - it is estimated that in the recent
years the said impact amounted to approx. 0.3 p.p..
Nearly 1/5 (approx. 2.3 p.p.) of the increase in the em-
ployment rate in the period 2004-2016 resulted from
the implementation of investments co-financed from
the EU funds. It is estimated that the number of new
jobs created as a result of the investments co-financed
from the EU budget amounts to 500-600 thousand.
There was a significant impact on reducing decreasing
the unemployment rate — with the latter being lower
by approx. 3 p.p. on average than in the hypothetical
scenario of the lack of the EU funds co-financed in-
vestments, which translates into an absolute decrease
in the number of the unemployed by over half a mil-
lion. The beneficial impact of the EU funds is also dis-
cernible in terms of the reduced relative poverty - by
approx. 5 p.p. The Cohesion Policy contributed also to
decreasing income inequalities measured by the Gini
co-efficient — by approx. 2.0-2.5 p.p.
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Abstract. The paper deals with the problem of the appearance of the cross-polarization effect in the through propaga-
tion of VHF/UHF radio waves in forests. The parameters of cross-polarization are analyzed and the functional dependences
XPD{f, {,, r.}, XPR{f, {,, r,} are evaluated on the operating frequency, forest vegetation properties and the distance traveled
within the forest from the transmitting antenna to the receiving antenna. Rerouted by forward and backward vegetation
elements, radio signals contain many cross-polarization components that can have levels comparable to the main (useful)
component. An increase in cross-polarization components can be observed in the “forward” region, which can be formed
by successively decreasing the useful component, ultimately causing a significant decrease in the XPD value. As a result, the
relatively high cross-polarization component can consecutively reduce the level of the useful component, while the cross-
polarization effect is random, and the XPD value with fluctuating distance between the transmitting and receiving stations
begins to fluctuate relative to XPD = 0. Thus, the influence of forest vegetation on the propagation conditions in VHF/UHF
ranges is not only manifested in a random variation of the attenuation coefficient, but also leads to a cross-polarization ef-

fect, which ultimately causes deep fading of the radio signal at the receiving point.

Keywords: cross-polarization, radio waves, cross-polarization selection, electromagnetic waves (EMW), cross-polariza-

tion discrimination (XPD), cross-polarization ratio (XPR)

1. Introduction

The absorption, scattering, and cross-polarization
effects that occur when radio waves propagate in in-
homogeneous absorbing media are important factors
that determine the reliability of radio communication
channels. Knowing these factors makes it possible to
create more adequate models in the design of wireless
communication networks [1, 2]. As is known, when
electromagnetic waves are emitted by antennas, which
acquire a transverse electric type of wave (TEM-Trans-
verse Electric and Magnetic fields) in the far zone, i.e.
become practically plane-polarized. When propagat-
ing in a vacuum, their plane of polarization (in which
the vector E lies) does not change, therefore a plane-
polarized Line-of-sight (LOS) regime is observed for
electromagnetic waves (EMWs) propagating from
the transmitting antenna to the receiving antenna. As
a rule, three main types of polarization of coherent
EMWs are used in communication systems:

1) linear [i.e. polarization is directed perpendicularly
to the direction of propagation of the EMW (Point-
ing vector)] (Fig. 1b);
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Fig. 1.

2) circular [with a right or left rotation, depending on the
direction of rotation of the electric field vector EJ;
3) elliptic [for which the end of the vector E is de-
scribed by an ellipse].
It should be noted that the causes of the cross-po-
larization of EMW are:
asymmetric EMW generation in antenna systems;
inhomogeneity and anisotropy of the EMW propa-
gation medium;
refraction and reflection of the EMW on the bound-
ary between two media.
As an example, Fig. 1 (a, b, and ¢) shows cases in
which the EMW of the corresponding polarization is
propagating in space.
Any polarized EMW can be represented as a super-
position of two linearly polarized EMWSs in two mutu-
ally perpendicular directions (Fig. 1a):

(1)

In this case, if amplitudes of these components are
equal, and they are in-phase, then circular polarization
is observed; otherwise (if amplitudes are different) el-
liptic polarization takes place.

En=E _()+ Ey (t)
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2. Propagation of Vertically Polarized EMWs
Through a Depolarizing Medium

Let’s consider the propagation of vertically polar-
ized radio waves through the depolarizing medium

(Fig. 2).
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E;; and E; are co-polarised components
E;> and E.; are cross-polarised components

Fig. 2. [3]

Both components E (t) and Ey(t) are known to be
coherent for a polarized wave, and incoherent for the
unpolarised one. The phase difference between E ()
and Ey( t) in the first case is constant, but in the second
is a random function of time.

Let’s consider the parameters of cross-polarization.

To quantify the degree of EMW depolarization,
more precisely—the cross-polarization radiation reduc-
tion coefficient [Cross-Polar Isolation/Discrimination
(denoted as XPI, XPD or X-Pol)] the following param-
eters are introduced [1-5]:

XPD (Cross-Polarization Discrimination)-is de-
fined as the ratio of the amplitude of the electric field
strength at the receiving point (EMW power) E, = E
of the main (useful) polarization to the (interfering)
amplitude of field strength (EMW power) E,, = E ,
which orthogonal to the basic kind of polarization,
with propagation of EMW in the forest area and, as a
result, cross-polarization in forest vegetation. This pa-
rameter expresses the degree of selection (separation)
of the main type of the incident electromagnetic wave
and is presented as:
Eul_ 10- 1gi (2)

XPD,,, =20-1g -
12

12

It should be noted that for antenna systems, expres-
sions for XPD are as follows:
1) for transmitting antennas:
« with vertical polarization:

XPDy, =10- 1gﬁ (3)
VH
 with horizontal polarization:
PHH
XPD,, =10-1g—/* (4)
HV
2) for receiving antennas:

« with vertical polarization:

P
XPD,,, =10-1g—2~ (5)
HV

« with horizontal polarization:
PHH
XPD,, =10-1g—/ (6)

VH

Where P, and P, are the powers of the main
EMWs (vertically or horizontally polarized) and their
cross-polarization components are P, and P, .

XPI (Cross-Polarization Isolation)-is defined as a
ratio of the amplitude of the electric field strength at
the receiving point (EMB power) E, of the main polar-
ization to the field strength (EMW power) E,, which
is interfering and coinciding with the main type of po-
larization in the propagation of EMW in forest vegeta-
tion, resulting in a cross-polarization. This parameter
also expresses the degree of selection of the main type
of the incident electromagnetic wave and is written as:

Ell

XPI,,, =20- g1 = 10-1g-11{ > 0 )

21 21

XPR (Cross-Polarization Ratio)-is a coefficient
(indicator) of cross-polarization:

XPR:lO-lgﬁw, dB (8)
where Pimfthe power of the incident radio wave, P -
power of the radio wave, emerging due to cross-polar-
ization, whose component at the receiving point is or-
thogonal to the component of the incident radio wave.

Asshownin [5], XPR, =P, - P, (dB)under con-
dition of multipath propagation in cellular networks
(propagation of vertically polarized EMWs in Paris)
can have values in the order of XPR~(-8.7) dB.

BPD (Branch Power Discrimination)-channel
power selection (usually specific for transmitting and
receiving antennas) [7] is defined as the ratio of the
sum of the powers of a vertically-polarized EMW and
its horizontal cross-polarized component, to the sum
of the powers of a horizontally polarized EMW and its
vertical cross-polarized component (1.9).

ppp=tiv L. )
PHH +PVH

For example, for the receiving antenna [4], expres-
sion (1.9) will be written as:

BPD,, = By + Py (10)
Puy +Pyy
but for the transmitting antenna:
BPD,, = By + By (11)
PHH +PHV

Values of XPD and XPR are most often determined
in practice, which in general are functions of the op-
erating frequency, forest vegetation properties and the
distance traveled within the forest from the transmit-
ting antenna to the receiving antenna: XPD{f, {, .},

XPR{f, {, 1}
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A numerical example: E, = 10 mkV/m.,
E , =1 mkVminthereceiving point, thus XPD =20 dB,
XPR = -20 dB. The higher the value of XPD, the higher
the degree of selection for cross-polarization. While
XPD = 0, values of the useful and interfering EMW
components at the point are equal. Let’s consider some
results for the definition of XPD and XPR based on the
mathematical modeling and experimental studies for a

certain range of radio frequencies.

3. Cross-Polarization Effect of Radio Waves at
Propagation in Forests

In an inhomogeneous and anisotropic medium
(generally, forest vegetation), when electromagnetic
waves fall on trees, parts of trees (trunks, branches,
leaves) generate currents that create secondary reradi-
ated electromagnetic waves propagating to the receiv-
ing point (Fig. 3).

All vertically directed elements of vegetation practi-
cally do not change the vertically polarized (useful) falling
of EMW-E, = E_ (co-polarised strength), only causing
an attenuation and forward scattering, while horizontally
and obliquely located vegetation elements create a hori-
zontally directed (interfering) electric field strength vec-
tor-E , = Exy (cross-polarized strength), which is also a
subject to attenuation and scattering as radio waves prop-
agate in the forest. In addition, the following effects will
occur in the propagation of radio waves:

1) lateral wave (LW) will spread over the forest vegeta-
tion;

2) additional EMW reflected from the forest litter will
appear (in which, according to Leontovitch — Rytov

[9, 10], the intensity (power P_) of the EMW will be

orthogonal to the useful component.

In general, plants in forests are located chaotical-
ly in space and the polarization plane of the resulting
EMW at the receiving point will differ sharply from the
polarization of the EMW falling on the forest area, but
the median value of the vector E, , in most cases up to
a certain distance will exceed the other median compo-
nents: E, > E ,E > E, and others (Fig. 1).

Thus, the value of XPD (or XPR) is:

[Pno 1074 4 PLW(ZLW)]
r=lp
[PG .10*‘112'1F + ZP]Q .10*‘112"']

r=1

XPD,,, =10-1g

(12)
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where P, —power at the receiving point of the lateral
wave, [, - distance travelled by the lateral wave, [ ~dis-
tance from the transmitting antenna to the receiving
antenna, «,, —attenuation coefficient of the direct EMW
in the forest massif at the given carrier frequency, the
distances traveled by the direct cross- from different
trees that cause EME data, « , - attenuation coefficient
of the cross-polarized EMW in the forest area at a giv-
en carrier frequency and power, P_-additional EMW
reflected from the forest litter, P ,—cross-polarization
component of the input power forest vegetation.

4. Experimental Studies of XPD and XPR
Values When Radio Waves Propagates in
Forests

Experimental studies of cross-polarization effects in
forest areas were carried out in [11-14]. Thus, in [12] it
was shown that a typical radiation pattern of reemission
(scattering) of the EMW (Fig. 4) by a plant (ficus) in the
corresponding plane has a diagram close to the emission
of an electric vibrator, but in Fig. 5 diagrams of the scat-
tering for twigs and leaf blocks are shown, while depo-
larization for each scatterers has a random character.

Radio signals that are rerouted by the elements of
vegetation “forward” and “backward” contain a lot of
cross-polarization components, which can have levels
comparable to the main (useful) component. An incre-
ase in cross-polarization components can be observed
in the “forward” region that can be formed by successi-
vely decreasing the useful component, ultimately cau-
sing a significant decrease of the XPD value. As a re-
sult, the relatively high cross-polarization component
can consistently reduce the level of the co-polarized
component.

In [14], the cross-polarization problem is ad-
dressed, estimating the XPR value of EMWs in VHF/
UHF bands (including the 800 MHz frequency) for the
propagation conditions of radio waves in the jungle,
and a comparison is made for the propagation condi-
tions of radio waves in deciduous trees in Europe. It
is shown that the level of XPR for the jungle is much
higher than XPR for deciduous trees (with fallen
leaves). In the jungle, as the depth of penetration of the
EMW into the forest vegetation increases (from 75 to
2500 m), the level falls and this fall increases according

il
A S
Hyy s T
_ = H-.'H‘x._‘
e V—*‘ _;L- "'-
D 1x-rx
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to the frequency of the signal. In addition, it was shown
that in the jungle the VH component is usually higher
than the HV component. This is because horizontal-
ly polarized EMWs do not induce significant surface
currents on vertical parts of the plant, while vertically
polarized EMWs induce significant surface currents
on inclined parts. At high frequencies and at large dis-
tances, the magnitude of XPR may even become posi-
tive, since the power of the cross-polarization compo-
nent P, is converted from the H plane to the V plane
and becomes larger in magnitude, which decays dur-
ing propagation.

It should be noted that when the receiving antenna
is moved by less than the wavelength, fluctuations in
the level of the received signal in dense jungles increase
sharply. This can be interpreted in such a way that for
variations in the density of jungle vegetation and con-
ventional forests the variations of the received radio
signals are similar to fast fading. It was found that for
vertically polarized EMWs at these frequencies, the de-
gree of depolarization is 5-15 dB higher than for hori-
zontally polarized EMWs.

The scheme for the investigation of cross-polariza-
tion of EMW is shown in Fig. 6. Vertically polarized
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with leaf blocks

EMWs at the frequency of 1.6 GHz are propagating in

the high canopy of red pine along two radio paths:

1) Path A-from the transmitting antenna T_through
the forest area to the trihedral reflector T and then
to the receiving antenna R ;

2) Path B-from the transmitting antenna T’ to the for-
est area, reflected from it, and to the receiving an-
tenna R .

Fig. 6. [12]

The measurement procedure consisted of the fol-
lowing:
a) transmitting antenna emitted EMW of two types of
polarization: vertical VV and horizontal HH;
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b) levels of received signals from the target T and from
the forest canopy were measured;

c) levels of the received signals without the target T
were measured;

d) P,,P,,and XPR,_=P, -
lated.
As shown by experiments, the values are:

PVH =9.15 dB, PVV = 9.58 dB, XPR,_ = —0.23 dB

P, (dB) were calcu-

VH?

5. Conclusions

During the propagation of radio waves in forest
tracts, radio signals are re-emitted by vegetation ele-
ments and contain a multitude of cross-polarization
components that can have levels comparable to the
main (useful) component. An increase in cross-polar-
ization components can be observed in the “forward”
region, which can be formed by successively decreasing
the useful component, ultimately causing a significant
decrease of the XPD value. As a result, the relatively
high cross-polarization component can consecutively
reduce the level of the useful component, while the
cross-polarization effect is random, and the XPD val-
ue with fluctuating distance between the transmitting
and receiving stations begins to fluctuate relative to
XPD = 0.

It is qualitatively possible to describe the change
XPD{f,H,, (r,=D,,_,)}fora given operating frequen-
cy in the form of an approximate analytical depend-
ence (13):

XPD{f, (rF = DTx—Rx)}N

13
~ XPD(ry) - Jo (krr)- 107" ()

where XPD(r, )-XPD value at a distance r outside the
forest, ] (kr)-zero-order Bessel function that character-
izes the XPD fluctuations with increasing distance be-
tween the transmitting and receiving antennas, and the
third term of the formula (4.1) increase in distance.

Thus, the influence of forest vegetation on the
propagation conditions of VHF/UHF ranges is not
only manifested in a random variation in the attenu-
ation coefficient, but also leads to a cross-polarization
effect, which ultimately causes deep fading of the radio
signal at the receiving point.
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Abstract. The paper presents MATLAB Simulink model of symmetrical six phase motor controlled by six phase fre-
quency converter and analyses its performance in volts per Hertz control mode and indirect rotor flux field oriented control
mode. The new control blocks not entering the Simulink library, were elaborated for control six-phase motor. Simulink
model employes the actual parameters of real six-phase motor with displacement of phase windings sets 60 electrical de-
grees. Model of the field oriented control for six-phase motor is elaborated with PI controllers and simulation results are
presented and analysed. Step response of controlled system has shorter settling time, less torque oscillations, system does not

loose its advanatges at small reference speed.

Key words: six-phase motor, field oriented control, model, simulation.

Introduction

The multiphase motors divide the controlled power
on more converter legs and reduce the current of power
electronic switches as well as in the larger number of elec-
tric motor phase windings. This advantage of multiphase
motors lead to solve the main problem of minimization
and miniaturization of actuators. The multiphase induc-
tion motors have advantages over three phase motors,
investigated in [5, 14]: lower torque pulsations at high
frequency, higher power per rms ampere ratio for the
same machine volume, reduced the torque ripples in con-
verter fed drives. Beside five phase motors, the six, seven
and more phases having motors were designed and in-
vestigated. The detailed overview state-of-the art in mul-
tiphase electric drives area is presented in the articles [5,
14, 17, 24]. The multiphase motors and drives were dis-
tinguished for improved reliability: they were able oper-
ate under fault conditions in loss one or more converter
legs [25, 20, 1, 15]. Multiphase machines can start and
operate even with some phases open-circuited with not
considerable decrease of performance indices. Induction
motor analysed in [2] where measured and calculated
phase currents of three phase, four phase, six phase and
twelve phase motors having the same stator frame with 48
slots were compared. Data presented in the paper show
the current in each stator coil smaller and stator heat loss
smaller also with increasing of phase number. The first
six-phase motor was designed on the base of high-power
three phase motor by splitting stator windings provid-
ing displacement between two winding sets of 30 spatial
degrees and keeping neutral points of those winding sets
separated. Windings were supplied separately with three-
phase voltage sets, shifted by 30 electrical degrees. Simi-
lar motors are called split or double star motors, they are
asymmetrical motors. Motors having shift between two
three-phase winding sets 60 electrical degrees are called
symmetrical motors. Due to simple splitting three phase
motor windings to six-phase winding six-phase double
star motors were more attractive for researches. Model-
ling of six-phase double star motors and parameters iden-
tification was considered in [3], efficiency analysis sup-
plied by PWM inverters in [7] and digital field oriented

control in [6]. Indirect vector control block diagram is
proposed in [21] with the new configuration of six-phase
motor windings allowing elimination of current compo-
nents which do not produce torque. Motor operation at
phase fault causes a lot of interest [20, 2, 4].

Analysis of six — phase motor performance with dif-
ferent displacement between phase winding sets 0, 30
and 60 electrical degrees was analysed in [27]. Six-phase
motor was supplied by six-step and PWM inverter. The
evident reduction of torque ripples was observed at six-
step supply, nevertheless the smallest difference between
measured and calculated current was observed at 60 elec-
trical degrees displacement. At powering six-phase mo-
tor by six-phase PWM converter behaviour of symmet-
rical six-phase motor does not differ from asymmetrical
one. The paper [9] states that the six-phase winding is
more effective than windings with other phase num-
bers. Electromagnetic parameters of the three—phase
and six—phase single layer chain windings are examined
in source [10, 11, 12]. It was found that electromagnetic
efficiency of six-phase winding is greater by 23.7% com-
pared to three-phase windings. Analysis of six-phase
winding shows that six-phase winding produces only
odd space harmonics compared to three-phase wind-
ings and its relative amplitude of magnetomotive force
is 2.13 times greater than that of the three-phase wind-
ing. Investigation into the six-phase double layer wind-
ings [16] shows that the theory of three—phase windings
is suitable to design six-phase windings. As six-phase
windings are supplied by symmetrical six-phase volt-
age system having the angles between adjacent voltage
phasors 60° six phase windings in balanced machine
are shifted in space every 60 electrical degrees. Rotating
magnetomotive force produced by six-phase winding is
closer to sinusoid shape due to larger number of slots in
its spatial distribution [10, 11, 16].

Research in multiphase induction machines in [27]
states, that multiphase machine and its control elec-
tronics should be considered as a system. Simulation
of complex non-linear system even using well known
motor d-q models does not allow using of common
simulation packages and needs built in blocks of Mat-
lab/Simulink environment.
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Mathematical model of six-phase motor

Multiphase electric motor is described by nonlinear
differential equations with time varying mutual induct-
ances. Mathematical description of motor in a station-
ary three phase reference frame As-Bs-Cs due to vary-
ing mutual inductances with rotation is seldom used for
analysis motor dynamics. Clark proposed convert bal-
anced three phase quantities to orthogonal stationary d*
-¢q* (sometimes called o.—f reference frame). Park trans-
formation converts vectors in balanced two-phase ref-
erence frame into orthogonal rotating reference frame
[21]. Most advanced control systems uses both transfor-
mations. Due to mentioned advantages of symmetrical
six-phase motors [10, 11, 12 16] this paper proposes and
considers simulation models and analysis results fuzzy
controlled symmetrical six-phase motor system, based
on indirect rotor field orientation control.

Simulink toolbox “SimPowerSystems” has typical
blocks for three phase motors control. It has no blocks
for multi-phase motor control. The paper presents de-
sign model of six-phase PWM converter and its control
blocks for voltage source converter and indirect vector
control Simulink model of six-phase motor.neralized
mathematical model of six-phase machine presented in
[26] is valid for any displacement angle of stator wind-
ings sets and cage rotor. Dynamic equivalent circuit in-
cludes mutual stator leakage inductance due to different
sets of stator windings occupying the same slot. A d-q
mathematical model derived in [19] is applicable for all
multi-phase motors and does not include mutual sta-
tor leakage inductance. The same assumptions are used
in [26, 19]: the air gap of the motor is uniform and the
windings are sinusoidally distributed around the air gap.
Magnetic saturation and core losses are neglected.

The motor d-q equations in synchronously rotating
reference frame w, are expressed as voltage drops v_
andv_, aswellasv , andv_, across two sets of stator
windings and single common rotor winding voltages
v'qr and V', referred to stator as this [26]:

Vgs1 = '}:s‘"lq.'.‘] 5V gsl T OV g5
Vsl = Fslds) + 5W gg1 — OW 4515

1"(,4.\'2 = J..t';q.\'f + '\'Wq.\'g + O g0, (1)

Ves2 = “}"}.f.\-z TS50 — OWas2s
P{,*r = JI‘r"—f,u" + 'w!qr + (f’z)n — @y )Wu‘r;

Var = ’]'fn’r' +5W g — [(OU — @, }er- »

where flux linkages are aligned with the direct and
quadrature axes:

Vo= (‘{‘rs +L,+L

m

';ql.»'I + (L + Lm ]iq'.wZ +L il ;

) Im g
w ;_M: (L.l’s + L.’m + Lm ,‘:I:! + (L}m + Lm ] i(if] + Lm ‘:Ifr;
Y 2= (Ln- +L, +L, )f.,xz + (Lfm +L, )fq.vl + mer',r; (2)
W ds2™ (L-f.\' + LFm + Lm )i;.t\cE + (Ln'wr + Lm }iri\'l + Lwrir.,fr;
v, =(L, +L, )i, + L, (i +i,);

LY Ioﬂl: (L:I'J + Lm )f;fr + LNI' (id\I + in'f\'E )’

Notations used in the formula sets (1) and (2) are:
V. W, are stator g axis flux linkages compo-
nents, y__, y,, are stator d axis flux linkages com-
ponents, y_, v, are rotor g and d axis flux linkages
components, L, is stator leakage inductance, L,
is mutual stator leakage inductance, L_ is air gap
inductance, L', is rotor leakage inductance, i
1, are stator g axis current components, i,, 1,,
are stator d axis components, i, and i’ are cor-
respondingly rotor current g and d axis compo-
nents; _is rotational speed of two-pole motor.

The electromagnetic torque calculated according to
formula:

—\!qur (idcl +igeo ):| s

517

where P is number of pole pairs.
The equation of drive movement is expressed as:

do 1
e (1,-Ty) 4

dt Jr ( e L) ( )
where o is motor rotational speed, ] is rotor inertia, T,
is electromagnetic torque and T is load torque.

Simulink model of six-phase induction motor

Simulink model gives possibility to solve nonlinear
differential equations fast and allows comparing param-
eters at different load or control mode. Matlab/Simulink
d-q model of six-phase induction motor in synchronous
reference frame is presented in [22, 23]. Inputs of the
model is direct current voltages v, and v_,, voltages v,
andv, aswellasv' and V' are assumed equal to zero.
Outputs of the model are produced electromagnetic
torque and speed. Similar models are ideal models and
do not reflect influence of control system power con-
verters and other control system elements usually oper-
ating in real electric drive systems.

Simulink library does not contain six-phase convert-
er models and switching blocks necessary to elaborate
pulses for converter, producing six-phase output volt-
ages, shifted by 60 electrical degrees. This problem we
solved with two three-phase converters, using Clark
transform for two sets of three phase voltages with dif-
ferent initial phase angles 6 having values of zero and
-60 electrical degrees. The Clark transform is used sepa-
rately for two voltage sets v o Vo V CSand Voo Vio Vi Then
for six-phase converter model we can use two conven-
tional three-phase Simulink blocks named “Three phase
converter 17 and “Three phase converter 2” controlled
by conventional blocks "PWM generator 1” and “PWM
generator 2” operating in synchronized mode. The first
converter elaborates voltages by 0, -120, -240 electrical
degrees with respect to v, _reference axis. PWM genera-
tor 2 is tuned to produce the other set of voltages v,
v,..V,, shifted by -120 electrical degrees apart with phase
voltage v, lagging the voltage v, by 60°.
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If stationary d°-g* axes of three phase machine are
oriented at angle 0, the voltages v¢, and v:_can be rep-
resented in matrix form as:
Vg cos@ sin@ 1 V;s
vps | =|cos(@-120%) sin(@-120%) 1{[vi | (5)
ves || cos(@+120%) sin(+120°) 1 |[ v,

where v¢, is zero component. In balanced ma-

chine without neutral wire v¢, = 0. Inverse trans-

form of Eq. 5 looks like this:

Vsl cos® cos(0-120%) cos(@+120°) |, -
Vi [==] sin@  sin(@-120%) sin(@+120°) || vg, - (6)
W 0.5 0.5 0.5 ves

Taking 6 = 0, the g° axis is aligned with the v, axis.
Without zero component, transformation looks like this:

.
Vas = Vgsl»
1 e

——5";:1——%1; (7)

VBs 9

ve Z—l‘”x 1+ Vis)
5 7 qs 7 A

and the inverse transform becomes:
P 2 1 1 .
Vgsl = 5"’,45 _EvBs _EVCS =Viss
(8)

" 1 1
Vist == ﬁ Vs T ﬁ Vs

The synchronously rotating d° — g axes rotate with
speed w with respect to d° - g°axes and form the angle 0,
=  t. Subscript e often is omitted in synchronously ro-
tating parameters [26]. The voltages on d° - ¢ axes can
be transformed into rotating d — q axes by this way:

L T .
Vgs1 = Vs €08 6, — Vg Sin6,;

9)

Vgl = v;s] sind, + vy cos6,.

Transformation of rotating reference frame into
stationary is related by formulas:

Vasl = Vgst €080, +V 8in 6,5
! | (10)
Vsl = —Vgs1 SN, + Vg1 €086,

Thus, sinusoidal variables in synchronously rotat-
ing reference frame appear as dc quantities.

In the same way three phase voltages v, v, and
v, shifted by 120° apart, with phase voltage v lagging
the voltage v, by 60 electrical degrees are transformed
to stationary reference frame with transform:
sin(@—-60") 1| Va2
cos(@—180°) sin(0—180") 1|[v,
cos(8—-300") sin(6-300") 1

Vi, cos(8—60")

Ve | =

(11)

Vs

<
Vos2

and inversely:

452 cos(@—60") cos(@—180") cos(@-300%) |[ vy,
Vi == sin@ sin(@-180")  sin(@-300") || vy,

Vi 0.5 0.5 0.5 v

Fs

(12)

1 1
. 2 2 |-
gs2 Ds
Vi || = g 0 % Ve | ( 1 3)
Vo 05 05 05|L's

and assuming the zero component v°, = 0 for balanced
motor we get:

v =lv"' —év"' :
s Ty Va2 T Ty Vasa
Vg = _Vr:_vz ; (14)
Vi = l Vi, + ﬁ Vi
2 2

The similar transforms are valid for currents and
flux linkages.

Voltages v* , and v°,, can be transformed to syn-
chronously rotating reference frame:

K} 5o .
Vo2 =V, €080, —vy sind,;

(15)

R S 5
Vd".' - vqs s 8\‘ + V&!\' cos 6‘"

where Oe = ,t remains the same.
Inverse transform looks like this:

3

v

452

=V, €080, +v,,8ind,;
. (16)

Vi =V, 8in, +v,, cosd,.

Thus, we can apply equations for transform of two
three phase voltage sets having with 120° degrees apart
and displaced one from other by -60 electrical degrees.

Motor model is elaborated according to equations
has two quadrature axis inputs Vo and Vo supplied by
constant voltage equal to peak value of sine wave phase
voltage. Direct axes voltages v, and v, are assumed
equal to zero. Outputs of Simulink model are delivered
torque, speed and currents o B and i, i in d-q ref-
erence frame. They can be transformed to stationary
reference frame d*-q° according to equation (10) and
then to three phase reference frame according to equa-
tion (7). Currents io and i,, are transformed to sta-
tionary reference frame according to equation (16) and
to three phase system according to (14).

The model shown in Fig.1 consists of two conven-
tional three-phase Simulink blocks named “Three phase
converter 17 and “Three phase converter 2” controlled
by blocks ”Vector control 1” and “Vector control 2”.
Switching pulses at the output of the block “Three phase
converter 1” produce voltage set with shift in phase 0,
-120°, -240 electrical degrees with respect to reference
axis, corresponding v, direction of conventional three
phase system. Block “Vector control 2” generates puls-
es for block “Three phase converter 2” to produce the
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Fig. 1. Frequency controlled model of six-phase induction motor
set of three phase voltages v, v, and v, where initial r= 3PL, (\IJ g ) (17)
phase voltage v, is shifted by 60 electrical degrees with 22 N

respect to the voltage v, generated by the block “Three
phase converter 17, so it produces three phase voltage
set, shifted by 60, -180 and - 300 electrical degrees. This
control method of both two three phase converters al-
lows getting six phase voltage system with each phase
voltage shifted by 60 electrical degrees.

Model of indirect rotor flux vector orientation
control

In indirect field oriented control rotor flux vector is
aligned with d axis of revolving d - g reference frame.
Two reference frames stationary d* - g and revolving at
synchronous speed d - g are shown in Fig. 2.

0, is angle between two reference frames. It changes
with rotor rotation. Rotor flux \V'_is aligned with d axis
and its projection to d axis ¥, = ¥ |and ¥, =0.Then
torque, delivered by induction motor is calculated as:

1.5
g v
g 05 e
A \
=]
-0.5¢ - '
0 5 10
Time, s

Fig. 2. Transients of motor torque at starting

"

where P is number of poles and i is torque producing
current.

Current i_is calculated in rotating reference frame
from given speed reference ' and current i, from
given flux reference V', rotating at synchronous speed

/
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Fig.3. Transients of motor speed at starting
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Fig. 4. Transients of motor currents at starting
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The angular position of ‘¥’ is reference frame orien-
tation angle and is calculated as:

0= [wdr. (18)

In vector control, flux orientation angle must be
obtained at every instant of time and is used in conver-
sion formulas (10, 15) from rotating d - g to stationary
d - q° reference frame.

Motor synchronous speed o, is sum of slip speed
o, and electrical rotor speed  :

0,=0,+0, (19)
and angle
0, = [(©, +o,)dr. (20)

Slip speed is calculated from equation [22]:

:&L Lmixq

; I, = > (21)
LY, "? W,

m.f!

L . .
where 1, = R_ 1s rotor time constant.

r

Closed loop implementation under constant flux

3

> dq*

Fig. 5. Reference frames for indirect rotor flux orientation control

condition requires to calculate reference current i,
from reference flux ‘¥’

im' = im'd = (22)

Current component i’ in revolving reference
frame is proportional to reference torque 1" and is
calculated as:

. .Y,
Ly Slyg = L

m

; (23)

where k, = %g i{” and i, is field producing current.

The angular position of flux vector is obtained on
the base (18) and (21) equations:

0, = Im[,dr = j(m, +o, )t = j[%+§mm }ﬁ, (24)
rhad

where @ is measured mechanical speed of the motor.

Vector control Simulink model of six-phase motor is
presented in Fig 6. Vector control block 1 is elaborated
on the base of equations (17-24) and together with ref-
erence frame conversion equations (8) and (10) produc-
es transform of reference frame. Block “Vector control
2” correspondingly is based on equations (16) and (14).
The model was simulated with PI controllers.

Figures 7-9 present simulation results with PI con-
troller. Phase voltage of modelled motor is 163 V, pro-
portional gain is K = 1, integral gain K, = 0.02.

Figure 7 presents torque transients at starting. Mo-
tor develops the greatest torque, equal to 13 Nm. When
the motor reaches steady state speed at no load (Fig. 7),
at time instant t = 0.6 s, the load of 1 Nm is applied.
With this load, motor speed has insignificant short re-
duction; afterwards it comes back to no-load speed.

Fig. 9 presents all six stator currents at starting and
loading by 1 Nm. The greatest current value is 3.2 A,
then it reduces up to no-load current and again rises
with load to 0.6 A.
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Ly T, » T, feedback w o 1e 1r
Speed Wy,
feedback w ) Pulocs 20—
ip, i, IF

Vector control 2

Fig. 6. Vector control Simulink model of six-phase motor
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Figures 10-12 show transients of torque, speed and
currents at reference speed 10 rad/s at starting without
load and applied load at 0.6 s. The maximum torque
value is smaller (11 Nm); the speed settling time is
shorter (0.08 s).

Fig. 12 presents transients of six phase currents.
The maximum current values and steady state values
remain the same as with reference speed 78.5 rad/s.
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Fig. 7. Torque transients at starting at no load and loading by 1 Nm
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4
2 'l"'il
< e
2 d ]l“ o
2 o Ml 59
o Y “ ||”“|”| il
— | ||,-||| i
> e
O B
4 - -
0 0.5 1
Time, s

Fig. 9. Change of all six stator currents at starting and loading by
1 Nm.

Conclusions

Two Simulink model were elaborated: one for fre-
quency control of the six-phase motor, other for field
oriented control to compare simulated torque, speed
and currents results. Two new Simulink blocks for
transform of six-phase reference frame were elaborat-
ed and included into model.
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Fig.10. Torque transients at starting and loading in FOC
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Transients of frequency controlled motor are slow;
the speed reaches reference value after seven seconds.
The torque and current transients correspondingly
have the same duration.

Transients in the field oriented control flows fast,
the reference speed is reached after 0.4 s; correspond-
ingly torque and currents have the same duration of
transients. This can be explained by feedback and field
oriented control.

Simulation results indicate good performance of
elaborated model at small speed reference signal; tran-
sients of torque, speed and currents have significantly
shorter time and reaches 0.12 s. The maximum and
steady state current and torque values remain almost
the same.
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Introduction

Georgia is connected to the West by the Black Sea.
It is bordered by Russia from the North and North-
West side, by Turkey and Armenia from the Southside
and Azerbaijan by South-East side. Tbilisi is the capital
and the largest city of Georgia. Georgia covers 69,700
m’area. Its population is about 3.75 million. Georgia
is unitary, semi-presidential republic, with the govern-
ment elected through a representative democracy. On
9 April 1991, after the collapse of the Soviet Union, the
country declared independence.

As a result of 90s geopolitical changes, USSR col-
lapse and origin of independent state created new po-
litical and economic interest in the region. Caspi re-
gion fell into the spotlight of world’s leading states.
International commonwealth became interested in the
transit functions of Georgia, which along with many
other factors, was determined by suitable geographic
location of Georgia. Thanks to the location, Georgia
is the shortest transit way between Europe and Asia.
Georgia’s transportation system is the main line on the
“Silk Road”.

After reestablishing the independence Georgia un-
derwent a lot of hard times. Civil wars, society conf-
licts, energetic and transport warfare, etc. — this is a
short list of negative factors which caused unprece-
dented economic decrease during first years of inde-
pendence. In spite of heavy legacy inherited from the
Soviet Union, aggression demonstrated by Russia and
occupation of Georgian territories, Georgia managed
to not only retain an independency but also succeeded
in approaching western integration, which was its his-
torical goal. These processes forced Georgia’s pro-wes-
tern path.

Georgia attained apparent economic growth du-
ring 2003-2014. Structural reforms gave rise to annual
growth by 6.3, which caused rapid increase of funds
and investments. Reforms ensured improvement of

business environment, strengthened financial situati-
on of public and infrastructure and stimulated develo-
pment of free trade. This growth was also stipulated by
increased inflow of foreign investments.

On November 29 of 2013 on Vilnius Summit of
“Western Partnership” initiation of an association and
its agreement on deep and universal trade area took
place. And on June 27 of 2014 signing of Associati-
on Agreement occurred. On March 28 of 2017 offici-
al magazine of European Union published an annex
for #539/2001 regulatory act of Council of European
Union according to which Georgia moved to the list
of countries the nationals of which are exempted from
the visa requirement. Therefore, starting from March
28 of 2017 Georgia became associated member of Eu-
ropean Union and citizens of Georgia are eligible to
travel to EU countries without visa.

Development of Georgia’s transportation system
is the most important factor for the revival of the na-
tional economics. Therefore, by creating effective and
competitive transport and logistics system the country
has an actual chance to become a trade and logistics
Hub for Caucasus and Asia. Development of intermo-
dal transportation system and bringing in logistical
know-hows is one of the main goals for Georgia, and
by accomplishing it Georgia would have an opportu-
nity to become a part of the global transportation and
logistical network and attract biggest payers of global
economic market.

Object of investigation - transportation system of
Georgia.

The main aim of article - investigate and suggest
upgrades of intermodal transportation in the Georgia’s
transportation system.

Tasks of the work:

1. To review intermodality issues of transportations
system.

2. Investigate factors, who effects Georgia transporta-
tions fields.
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Practical value -this article will show, how the
country’s transport system can to reach its full poten-
tial.

Intermodality of Transportation System

Presented article analyses intermodality issues of
Georgia’s transportation system. The article is prepa-
red on the bases of Young Scientist Grant of the Shota
Rustaveli National Science Foundation [1]

The term “intermodal” and “intermodalism” are re-
latively new words. For example, at first it was used in
Concise Oxford English Dictionary of 1980. Although
meaning of Intermodalism was not the same as it is to-
day. In 10™ edition of the same dictionary (1999) the
term “Intermodal” is explained as follows: Intermo-
dal is called freights convey during of which the trans-
portation conveying process deems appropriate or
permissible to involve two or more than two modes
of transport; and in the majority of cases, freight re-
ceiver has no direct connection with various terminal
stations, customs and other logistical processes (cases,
there is no direct connection or access between the lo-
ading/unloading point and the rail, inland waterway,
sea, Or air transport system) [2-5].

There are more definitions for intermodal conve-
ying but there is a little difference in meaning between
them.

During the process of the research conducted by us
we formulated our own definition of “intermodal con-
veying”: “Intermodal conveying” is freight conveying
by several types of transportation vehicles. During this
time one of the carrier manages the organization of the
whole transportation process starting from departure
point to the point of destination passing through one
or several points of loading. There is no managing ope-
rator and the client sign agreements with each carrier
who is responsible for own part of the transportation.
Therefore, the responsibility is upon the carrier for
each cycle of the logistical chain.

See the scheme (Fig. 1) - intermodal convey sche-
me [2].

Client

Agreement Agreement

— | Overland

transport

Sea
transport

Fig. 1. Intermodal convey scheme

Necessary requirement for the functioning of in-
termodal system is a presence of an information sys-
tem by means of which making order is accomplished
(transportation agreement), i.e. to plan, manage and
control the whole process of freight convey by means
of preliminary, accompanying and concluding infor-
mation of delivery process. Various systems of electro-

nic exchange of information is currently used in worl-

dwide practice. Quality of its utilization determines

competitive ability of logistical transportation system
on the transport service world market.

As it is known utilization of various types of trans-
port and selection of transportation methods while
planning the freight transportation, depends on diffe-
rent factors (geographical, infrastructural, safety, soci-
al-political, regulatory and jurisdictional, transportati-
on characteristics of freight, etc.). All this makes final
impact on a possibility of freight to end up in a specific
transport corridor.

For studying of intermodality issues in the Georgia’s
transportation field herein is presented list of issues
which we consider to be influential on dynamics of
freight delivered as a result of intermodal transportati-
on within Georgian transportation field [6]:

o Infrastructural issues. Whereas heavy loaded
highways and main lines have been renovated in re-
cent years and considerable investments have been
allocated (particularly on the roads of international
significance) country’s transportation infrastructu-
re requires big effort to have situation finally orga-
nized;

o Technical characteristics. Low quality of technical
equipment is visible in the vehicular component of
the transportation system, which requires moder-
nization and renewal. Size of the rail track gauge
is a big issue as they are not compatible with Eu-
ropean rail tracks. Georgia does not have so called
“European Size” rail track, because the replacement
would be very much cost-consuming for the coun-
try. Changing of the rail track would require very
big investment and expenses, while there is more
than one solution for settling this issue.

« Low quality of warehousing. One of the hinde-
ring factors is low quality and insufficient quantity
of storage facilities in the Georgian transport cor-
ridor. There are no A class storage facilities on the
logistical market of Georgia. Existing B and C Class
warehouses are of a Soviet Union style and infras-
tructure.

o FEuropean standards of management of logistical
infrastructure and processes. Presently all those
requirements are clearly stated by foreign providers
and entrepreneurs for leading trade and manufactu-
ring companies of Georgia. Those requirements in-
clude taking approach toward European standards
of managing logistical infrastructure and logistical
processes. Effective steps are being taken toward
this direction although programs like SCOR® (Sup-
ply Chain Operation Reference) are not implemen-
ted in companies operating in Georgia;

o Judicial and legislative regulations. There is a lack
of completeness in relation to the implementation
of taken responsibilities within the sphere of judi-
cial and legislation regulations and international
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agreements in transportation and trade field in-
cluding “EU-Georgia Association Agreement”.
Legislative base must be improved properly and
important changes have to be accomplished to this
end. Particularly, Government of Georgia should
accomplish harmonization with European laws first.
A lot of directives are indicated regarding transpor-
tation issues (most of them are technical) in the 6%
subchapter of the “EU-Georgia Association Agre-
ement”, which considers extending cooperation in
the transport field and which should be taken into
account in all spheres of transport. Also, #293 arti-
cle of the Association Agreements emphasizes the
fact that Georgia should support development of
intermodal transport policy;

Long-term State strategy on transportation and
logistics. There is no long-term State strategy on
transportation and logistics, which should necessa-
rily be prepared (project has already been launched)
and we believe that main goal of it should be to in-
crease competitive ability of Georgia as a country
of convenient location and integration of it into the
global transportation network;

Economic factors. Unfortunately, there is no op-
portunity to accomplish fundamental changes in
economics so far. This in general effects social and
economic background and decreases inflow proces-
ses of the additional investments. Transit traffic pic-
ture carried out within Georgian transport corridor
clearly shows that there has not been considerable
increase of freight volume within last few years. Im-
pact of alternative channel on competitive ability
factor of Georgian transit corridor along with com-
petitiveness quality of Georgian transport corridor
should be foreseen;

Management. Management standards quality has
some flaws, which has to be more approached to the
standards of international rules and treaties;
Political factor. Unfortunately, while analyzing in-
termodality issues of Georgian transport system in
the context of competitive ability of Georgian trans-
port corridor, it must be noted that political compo-
nents regarding occupation of Georgian territories
by Russia must be noted and we believe that this
makes an impact on the dynamics of freight transit
in the corridor [7-8].

Conclusion

Summarizing overview of intemodality of the
transportations system, the following conclusions can
be drawn.

1. Recently Georgia has made considerable steps to-
ward stimulation of intermodal transportation in
the Georgias transportation system. Although, as
it is presented above, much effort has to be put to
finally organize the situation. It also must be noted
that unlike previous years, Georgia is at the who-
le different level of communication with European
Union, which gives the country more opportunity
and perspectives regarding reforms and progress
including transport field.

2. Competitiveness is not ongoing process only bet-
ween companies or between industrial countries,
but also between regions and transport corridors.
Thanks to its suitable geo-strategic location Geor-
gia is a natural logistical hub, which gives it a huge
opportunity to develop and grow. Although all the
above-mentioned issues does not allow the country’s
transport system to reach its full potential.
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Introduction

The development of the issue on the relation of
the productive forces (which he generally understood
as technology condition) to relations of production
(which he understood as various aspects of the organi-
zation and particularly proprietary right) by Marx was
a pioneering effort to connect the limits and restric-
tions limits with limitations of human organization.

Historical Data Analysis

Analysis of technology as an economic category is
largely due to the dominance of the orthodox approach
in mainstream science.

Currently, such combinations get sustainable and
become a “comprehensive resource”. Thus, according
to the laws of systems theory, the combined effect of
resource interactions exceeds the sum of individual ef-
fects obtained from the use of individual resources.

Main technological modes of production

Main technological
modes of production

/

[ Appropriaing | [ Manufacturing |
Pre-industr Industrial Post-industrial
ial (manual) (machine) (technological)
Peasant (agrarian)] Simple | ICT
Handicraft | Automated | Nanotechnology

Straight-line-
container

Figure 1. Main technological modes of production

However, by form, performance and place in the
technological process, modern equipment is funda-
mentally different from the primitive tools of the ap-
propriating economy era. The same applies to technol-
ogy. In other words, technology did not primarily act
as the main resource for human activities.

In the period of industrial development, the techno-
logical function of capital becomes obvious. Evolution
of machine technology is characterized by the gradual
displacement of manual labor by mechanical one.

The transition to a system of specialized working
machines driven by energy from the central steam
engine significantly increases productivity again. In
the result of the historical development, the logic is
like that: to change craft technology comes manufac-
tory, which is subsequently replaced by a system of
machines. In the end, productivity abruptly increases
twice.

Although there is almost no place left for classic
machines in modern techno sphere, the mediation of
technology by the artificial structures currently appar-
ently peaked, so the forms of human activity charac-
teristic of the 19th-20th centuries are recognizes as a
complete negation of appropriating economy, not me-
diated by any complex tools.

In these technologies, the machine remains the
main acting force, albeit more sophisticated than in the
period of initial accumulation of capital. The scientific
and technical progress is traditionally associated with
the development of such technologies. Which obvious-
ly implies joint participation of science and equipment
in the economic development

Finally, modern technology puts the human capac-
ities first — intelligence and information. Equipment,
as such, fades into the background. It is in the field of
technology where the fundamental difference of indus-
trial society from post-industrial one lies.

A change of technology occurs as a result of techno-
logical revolutions. Traditionally scientists speak about
three technological revolutions in human history: the
Neolithic (agrarian), industrial and scientific and tech-
nical (informational, post-industrial).

The technologies, characterizing a certain type of
civilizations differ from each other by dominance of
related resources, sources of energy, requirements to
the level and quality of the human factor development,



96

Spiridonov E. S.

way to effectively use, forms of wealth (capital) and
socio-economic development of society. Within these
stages, undulating technological changes occur, which
are expressed in the change of tenors of technology,
which are a specific macroeconomic complex of tech-
nologically conjugated industries.

The change of tenors of technology defines the tech-
nological paradigm, that is, the historical trajectory of
social development, whose lifetime is measured by the
length of the Kondratievsky cycle. In fact, we are talk-
ing about replacing of one base technology by a differ-
ent one.

A new tenor of technological emerges when eco-
nomic structure is still dominated by the previous one.
In this phase, its development is constrained by ad-
verse technological and socio-economic environment.
Only with the achievement of the growth limits of the
dominant technological structure and a decline in the
profitability of its constituent industries begins mass
redistribution of resources into technological chains of
new tenor of technology.

Technology cannot be considered as a determining
variable of external origin. Every technology develops
according to its trajectory , whose direction is deter-
mined by technical and economic boundaries of the
chosen paradigm and by the strategy and behavior of
individuals, social groups and institutions.

Conclusion

Technology development can be characterized as
the qualitative dynamics, which is based on the mech-
anism of evolution. This mechanism led to the fact that
in the conditions of postindustrial development a qual-
itative change in the resource base of the economy took
place. To change the priority of equipment as the chief
material condition for the development, came a prior-
ity of technology. Technology, in contrast to previous
stages of historical development does not allocated any
traditional factor of production as capital, but com-
bines them. Moreover, in the postindustrial economy,
technology determines not only the production mode
but also the way of knowledge, whose main part is the
possession of information and know-how.

As of intensification of the process of new economy
formation, technology becomes the factor that is in-
creasingly defining economic development, taking the
form of technological capital.
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WAVE OF INNOVATION WITHIN THE CONSTRUCTION INDUS’fRY -
A MOVEMENT TOWARDS THE SUSTAINABLE DEVELOPMENT OF
THE SOCIETY
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Abstract. Realization of the potential laid down in the Strategy of the construction industry, road and rail transport de-
velopment allows to increase the volume of construction and speed of project implementation, to intensify the movement of
passenger and freight traffic, to reduce costs, while improving the quality and comfort of transportation to world standards.
The cost of the work to be done along with this should be optimal to ensure victory in competition for a contract with com-

panies operating in the construction services market.

This is possible only if the development and continuous improvement of innovative directions in all areas of construc-
tion are constantly developed. So, there is a goal for Russian companies - to achieve effective results with unconditional
observance of security issues, constant growth of the quality of provided services, high level of innovations.

Key words: Innovation, Global Innovation Index, Russia’s innovation system, Plastic Roads, 3D Printing, Composites

Introduction

New souses of energy and kinds of materials, design
approaches, as well as advances of digital technology
and big data environment, are creating an opportunity
for the wave of innovation within the construction in-
dustry.

Rapid technological advances in building design,
construction, fabrication and project management are
issuing great challenges and opportunities for innova-
tive and sustainable practice.

Ex an example, how does Russia looks in the world
rating of innovations?

In Russia, to a greater extent than in other coun-
tries, business is convinced that it determines the role
in innovative development. The role of small and me-
dium-sized businesses in the development of innova-
tion, on the contrary, looks less significant than in the
eyes of leaders from other countries. About this sign of
the results of the study “Global Innovative Barometer”,
conducted by General Electric.

Russia has improved its position in the Global In-
novation Index. But it is still far from leadership.

In GII-2016, Russia falls into the group of countries
with a high level of GDP per capita, taking 39 among
them out of 50, and among the countries of Europe - 29.

The data of GII-2016 show that Russia stead-
ily improves its position on the innovation resources
subindex (44th place). But the effectiveness of innova-
tion activity of the country is noticeably weaker (69).
This, according to the authors of the study, reflects an

Table 1 Dynamics of the positions of the Russian Federation in
the Global Investment Index: 2014-2016.

GII Innovation Results of Innovation
Recourses Innovation effectiveness
2016 | 43 44 47 69
2015 | 48 52 49 60
2014 | 49 56 45 49

inadequate implementation of the available innovative
potential.

Domestic advantages and disadvantages

The rating represents assessments of the strengths
and weaknesses of the Russian innovation system.
Thus, employment of women with higher education
is among the competitive advantages. Russia is on the
second place in this indicator. And the country ranks
11th in terms of the number of university graduates in
scientific and engineering specialties. The same posi-
tion is in the Russian Federation in the sphere of export
of cultural and creative services.

Among the weaknesses of the domestic innovation
system: innovative links (112 out of 128), rule of law
(104), regulatory quality (97), gross capital formation
(95).

In general, the advantages of the domestic innova-
tion system are concentrated in such dimensions as
human capital and science (23rd place), the level of
business development (37) and the development of
technology and knowledge economy (40).

Cons are related to the integral indicators of the de-
velopment of institutions (73rd place), the domestic
market (63) and business (37). In terms of business de-
velopment, Russia also demonstrates advantages (for
example, the country ranks 14th in terms of payments
for the use of intellectual property objects), and short-
comings, including the weak innovative links noted
above, cluster development level (101) and foreign in-
vestment (76).

The impact of the economic crisis

As in the rest of the world, a long period of eco-
nomic instability has affected the innovation activity
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Table 2. Strengths and weaknesses of Russia’s innovation system. (GII-2016, 128 countries)

Strengths

Weaknesses

Employment of women with higher education (2)
The size of the domestic market (6)

applicants in the country’s patent offices (7)

Export of cultural and creative services (11)

Employees in the field of science intensive services (14)
Payments for the use of intellectual property (14)
Parent / teacher ratio in secondary education (16)
Gross enrollment ratio in higher education (18)

The number of patent applications for inventions filed by national
applicants in the country’s patent offices (18)

The number of patent applications for utility models filed by national

Graduates of universities for scientific and engineering specialties (11)

GDP per unit of energy use (114)

Innovative connections (112)

Investments (107)

Rule of Law (104)

Political stability and the absence of terrorism (103)
Level of development of clusters (101)

Quality of regulation (97)

Gross capital formation (95)

ICT and business model creation (94)

Research and development funded from foreign sources (76)
Gross loan portfolio of microfinance institutions (72)

Transactions using venture capital (67)

of Russian companies, forcing them to face certain
difficulties in finding sources of financing and reduce
risks. Nevertheless, the survey data show that in Russia
the negative impact of the crisis on the development
of innovation was much less tangible than the average
for the countries that participated in the study, includ-
ing - due to a favorable policy of the state policy in the
field of innovation.

In an effort to reduce the level of risk, entrepreneurs
preferred to shift the focus of innovation activities of
companies from “product innovations” (creating com-
pletely new products and services) to “process inno-
vations” (improving existing products and services by
improving business models or organizational struc-
tures). Similar changes were noted by 66% of managers
in Russia, which coincides with the global trend and
BRIC results (68% on average for 22 countries, 69% on
average for BRIC).

Development prospects

Despite the presence of pronounced competitive
advantages for certain indicators, the comparison with
the leaders demonstrates the large-scale lag in Russia
in many dimensions of the rating.

So, from 2000 to 2014, R&D spending doubled and
now amounts to 847.5 billion rubles. This brings Russia
to the top 10 leaders in terms of the total costs of R&D.
Since 2010, Russian authorities, with a special focus on
innovation, have adopted more than fifty policy docu-
ments on scientific, technical and innovation policies.

Contain the development of innovations in the
country, for example, the extremely low involvement
of scientists from Russia in researching the advanced
level. For example, in 2015, Russian publications were
presented in only 3.28% of the more than 10,000 glo-
bal research fronts (groups of highly cited articles) pre-
sented in the Web of Science database. For compari-
son: the USA is present in 74.3% of all research fronts,
Germany - in 30.7%, and China - in 23.4%

Comparative advantages of Russian science grow,
apparently, from traditional fields of knowledge for

the country, including physics, aerospace technologies,
earth sciences, mathematics, chemistry and materials
science. At the same time, the topics related to the new
industrial revolution and the development of life sci-
ences are poorly represented.
Understanding Innovation in Road Infrastructure
Current trends that set the track for innovation deliv-
ery
o Improve resilience of infrastructure network -
Adapt infrastructures to possible Climate Change
effects
o Increase durability of pavements — Higher perform-
ance materials - Reduce maintenance

o Reduce associated environmental impacts — Re-
duce the use of energy intensive produced mate-
rials — Reutilize/valorize wastes - Optimize water
consumption — Improve efficiency in operations.

The Road Project Life Cycle

CEngineerng >~ Gonsirution > _Operatons >

Figure 1. The auto/rail road project life cycle

How innovation in road infrastructure is ad-
dressed?

Engineering

o Improved design approach

 Introduction of new technologies in design stages
and tendering processes

o BIM supported design processes

Construction

o Optimizing designs

o Applying new materials

» Reutilizing wastes

o Improving low performing materials

+ Introducing high performance and added value
products

o Improving operations and Quality Assurance /
Quality Control methods

o BIM supported construction processes



Wave of innovation within the construction industry — a movement towards the sustainable development of the society

99

Operations

Introducing new materials than enhance the long
term performance of the infrastructure objects.
Understanding medium to long term impact of Cli-
mate Change on the performance of the infrastruc-
ture asset.

Relevant Research Activities

Usage of Composite Materials for bridge design and
construction

Table 3. The Benefits of Composites

Design

« Allow a more flexible design
» Reduced weight

Commissioning |« Reduce time

« No necessity of large lifting means

Maintenance o Almost zero

« High Durability
» Good performance under several
environmental conditions

The negative fact — the cost of the Composites is equal to the
asphalt-concrete, or even higher, so there is no economic effect we
can see right now by applying them.

Advanced soil stabilization

Stabilizing agent Impact and benefits Traditional

Cement

Improved bearing capacity

Drying effect

Highly environmentally intrusive technologies
Lime Proposed Solutions Polymer-based products
Improved bearing capacity

Allow using low performing materials

Can be applied in environmentally sensitive areas
Reduced water consumption

Water susceptibility and absorption reduced Micro-
organisms Foamed Bitumen Emulsions Fly ashes
Combined treatments

Table 4 Advanced soil stabilization

Stabilizing agent | Impact and benefits
Proposed |Polymer-based | Improved bearing capacity
solutions | products

Microorganisms | Allow using low performing

materials

Foamed Bitumen | Can be applied in
environmentally sensitive areas

Emulsions
Fly Ashes

Reduced water consumption

Water susceptibility and
absorption reduced

Waste Valorization through pavement design
and Construction

SCRAP TYRES :

Improve mix durability (resistance to moisture, oxi-
dation and fatigue)

Higher resilient modulus

Noise reduction

Reduce top-down thermal cracking

Reduce bottom-up reflective cracking
SLAGS:

Substitutes coarse aggregates in pavement con-
struction.

Makes best use of the mechanical strength and
skid resistance of slag particles.

Enhances binder adhesion

Promotes high frictional and abrasion proper-
ties

RICE HUSK ASH

Mineral admixture for Portland cement Con-
crete

Enhances concrete strength and durability.

Can replace limestone as mineral filler in as-
phalt-concrete mixtures.

Figure 2. The plastic road structure
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Figure 3. Apis Cor House 3D Printing

Plastic Road

This idea is now under development in Russia and
the Netherlands. The roads will consist of separate hol-
low sections connected together. The recycled plastic,
which can not be corroded and exposed to atmospheric
conditions, is able to withstand temperatures from mi-
nus 40 to plus 80 degrees Celsius. The lifetime of such a
coating can be about three times greater than that of an
asphalt one. No need to carry out permanent repairs
will reduce the number of traffic jams.

Another advantage of the plastic road is its ease of
installation in sandy and depleted soil. In addition,
the hollow niches inside the panels can serve for water
drainage, and also used for laying pipes and cables.

3D Printing in Construction

Printing submodules or complete concrete struc-
tures before assembly and internal work could trans-
form the industry with respect to design, cost, and
time. However, 3D printing is still in the early stages
of its development and cannot yet be deployed at the
scale and speed required for large projects.

Printing submodules or complete concrete struc-
tures before assembly and internal work could trans-
form the industry with respect to design, cost, and
time. However, 3-D printing is still in the early stages

of its development and cannot yet be deployed at the
scale and speed required for large projects.

In Russia the first building was printed in 2017 by
using 3D printing technology. It took 24 hours to build
the whole building.

Conclusion

Such results of cross-country comparisons by using
Global Innovation Index and best world practices and
innovations confirm the need for an integrated and
balanced policy aimed at the full development of na-
tional innovation systems.

The sustainable development of the society is pos-
sible only if the development and continuous improve-
ment of innovative directions in all areas of construc-
tion are constantly developed.
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Abstract. This work was written based on the current Latvian heterogeneous telecommunications network
features and experimental results with medical data, which were obtained from the RTU Railway transport and
communications laboratory. Achieved results can be used Latvian eHealth (electronic health) the new range of

services for the implementation, which have not existed.

Introduction

The emerging development of mobile health sys-
tems in the last decade was made possible due to the
recent advances in wireless and network technologies,
linked with recent advances in nanotechnologies, com-
pact biosensors, wearable devices and clothing, and
pervasive and ubiquitous computing systems. These
advances will have a powerful impact on some of the
existing healthcare services and will reshape the work
flow and practices in the delivery of these services [1].

In result this work will provide an overview of recent
heterogeneous telecommunication network in Latvia
and use of this network to transmit and receive high res-
olution format (Blu-ray) medical diagnosis data.

E. Kyriacou, M.S. Pattichis, C.S. Pattichis, A. Panay-
ides, and A. Pitsillides, in their work [2] suggests that
“Wireless telemedicine systems and services are expected
to enhance traditional emergency care provision not only
within the emergency department but also in a variety of
prehospital emergency care situations where geographi-
cally remote consultation and monitoring can be imple-
mented”. A timely and effective way of handling emer-
gency cases can prove essential for a patient’s recovery
or even for a patient’s survival. Especially in cases of se-
rious injuries of the head, the spinal cord, and internal
organs, the way of transporting and generally the way of
providing care are crucial for the future of the patient.

This is especially actual problem for small countries
like Latvia, where due bad economic situation people
are migrating from villages and small towns to towns
with more population and opportunities or capital in
search for a job, in result of this migration local hos-
pitals and medical clinics are receiving less finance. In
result less medical services are available at local place,
especially, professional specialists’ consultation, forc-
ing patients in need to search for a health services in
huge clinical hospital centers or specialized clinics, in
Latvia those clinical hospitals generally are centered
around the capital of Latvia - Riga.

Methods

In order to write this article, the more recent re-
search (published 2013 Aug. Cisco projection of global

mobile data growth) in growth of mobile data and het-
erogeneous telecommunication network and potential
use in health services were overviewed.

In preparation of this work about eHealth (elec-
tronic health) and mobile health services situation top-
ic in Latvia, East Clinical University Hospital Medi-
cal Technology Director Uldis Jaspers (uldis.jaspers@
aslimnica.lv) tel. 67303113 was interviewed on topic of
medical data exchange and manage between Latvian
hospitals, as well, what mobile health services right
now are available for patients of the East Clinical Uni-
versity hospital in Latvia.

All the information regarding heterogeneous tele-
communication and mobile network technologies, ap-
plications were obtained from legal sources — books,
publications, conference abstracts from the internet
websites. Used sources in preparation of this work are
mentioned in the ,,References” section.

Wireless transmission technologies

The digital era in mobile cellular networks was in-
troduced by the Global System for Mobile Commu-
nications (GSM), signifying the transition from ana-
log first-generation (1G) to digital second-generation
(2G) mobile telecommunications. The general pack-
et radio service (GPRS) and enhanced data rates for
GSM evolution (EDGE) 2.5G technologies facilitated
the data-transfer rates that allowed mobile Health
systems to integrate medical image and video trans-
mission, in addition to biomedical signals. Toward
this direction, third-generation mobile telecommu-
nications (3G) systems (Universal Mobile Telecom-
munications System [UMTS]) set the foundations of
establishing telemedicine systems in standard clini-
cal practice, exploiting extended coverage for a virtu-
ally always-on service provision.[3] Today’s 3.5G and
near-4G (fourth generation mobile tele- communica-
tions) wireless networks, namely, high-speed down-
link packet access (HSDPA), high-speed uplink pack-
et access (HSUPA), high speed packet access (HSPA),
HSPA+, mobile WiMAX, and Long-Term Evolution
(LTE), allow the deployment of responsive mobile
Health and eEmergency systems, minimizing delays
and extending upload data-transfer rates that can ac-
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commodate high-diagnostic quality medical video
that can rival the quality of in-hospital examinations.
Ongoing deployment of 4G wireless networks and
emerging fifth generation mobile telecommunica-
tions (5G) systems theoretical upload data-transfer
rates comparable to wired infrastructure will expedite
the adoption of such systems and services in standard
clinical practice.[3]

The described wireless networks facilitate incremen-
tal data-transfer rates while minimizing end-to-end
delay. Evolving wireless communications networks’
theoretical upload data rates range from 50 kbps to 86
Mbps. In practice, typical upload data rates are signifi-
cantly lower. More specifically, typical upload data rate
ranges are (I) for GPRS, 30-50 kbps; (II) for EDGE,
80-160 kbps; (III) for evolved EDGE, 150-300 kbps;
(IV) for UMTS, 200-300 kbps; (V) for HSPA, 500 kb-
ps—2 Mbps; (VI) for HSPA+, 1-4 Mbps; and (VII) for
LTE, 6-13 Mbps [3].

Figure 1 shows a Cisco projection of global mobile
data growth through 2017, measured in exabytes (bil-
lion gigabytes) per month, demonstrating traffic grow-
ing at a compound annual rate of 66% — resulting in
thirteenfold growth over that period.

Cisco Global Mobile Data
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Figure 1. Global Mobile Data Growth[3]
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Figure 2 shows another data projection, predicting
50% annual growth in data for the 2012 to 2018 period,
resulting in twelvefold growth.
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Figure 2. Global Mobile Traffic for Voice and Data 2010 to 2018 [3]
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Mobile computing platforms

In a recent research, where mobile and fixed com-
puter use by doctors and nurses on hospital wards was
investigated, it was found that the choice of device was
related to clinical role, nature of the clinical task, and
degree of mobility required. Nurses work and clini-
cal tasks performed by doctors during ward rounds
require highly mobile computer devices, and they
showed a strong preference for generic computers mo-
bile on wheels (including laptops) over all other devic-
es. Tablet personal computers (PCs), some devices are
shown at Figure 3, were selected by doctors for only a
small proportion of clinical tasks. Note that even when
using mobile devices, clinicians completed a very low
proportion of observed tasks at the bedside [4].

Figure 3. Tablet personal computers [4]

A systematic review of personal digital assist-
ant (PDA) usage surveys by healthcare providers was
carried out by Garritty and El Emam in their work
“Who’s using PDAs? Estimates of PDA use by health
care providers: A systematic review of surveys,” [5].
It was documented that younger physicians and resi-
dents and those working in large and hospital-based
practices are more likely to use a PDA. Moreover, it
appeared that professional PDA use in healthcare set-
tings involved more administrative and organizational
tasks than those related to patient care. Garritty and
El Emam concluded that physicians are likely accus-
tomed to using a PDA; however, there is still a need
to evaluate the effectiveness and efficiency PDA-based
applications [5].

Transmission of digital images

The use of digital images in medicine has benefited
from the formation of the DICOM committee [8]. The
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committee was formed in 1983 by the American Col-
lege of Radiology (ACR) and the National Electrical
Manufacturers Association (NEMA). For still images,
DICOM has adopted various JPEG variants such as
lossless JPEG (JPEG-LS) [9] and JPEG 2000 [10].

We first consider lossless image-compression
methods that provide for exact reconstruction of the
input images. Lossless image-compression eliminates
the need for diagnostic validation of compression arti-
facts. Unfortunately, lossless methods provide limited
compression ratios, usually ranging between 2 and 3.7.
Lossy image-compression methods can provide much
better compression ratios. However, the use of lossy
image compression requires a careful evaluation of
the effect of compression artifacts on diagnostic per-
formance. While not directly relevant to diagnostic
performance, lossy image compression of general im-
ages attempts to be perceptually lossless. Here, a com-
pressed image is termed perceptually lossless if an (av-
erage) human observer cannot differentiate it from its
uncompressed version. In general, optimal perform-
ance requires the study of the impact of lossy com-
pression in different clinical scenarios. A general lossy
compression approach that can be directly applied to
medical images is to use diagnostic regions of interest
(ROIs). Here, the parts of an image that are of diag-
nostic interest will see little or no compression. On the
other hand, the parts that are not of diagnostic interest
can be compressed significantly. For example, if the re-
gion of interest covers about 20% of the entire image,
average compression ratios of about 15:1 have been re-
ported using JPEG-LS, while an average compression
ratio of only 2.58 was achieved when using the entire
image as the region of interest [11]. Similar to percep-

tually lossless compression for general images, another
approach is to use lossy compression that does not al-
low clinicians to differentiate between the compressed
image from the uncompressed one. Clearly, if the un-
compressed image cannot be identified, then the (clini-
cal) visual inspection of the compressed images should
not impact the diagnosis [11]. This technique leads to
near-lossless techniques where the uncompressed im-
age differs from the original in only a small number of
levels (+1 and +2 out of possible 4096 levels). For com-
parison, JPEG-LS in lossless mode provides for an av-
erage compression ratio of 2.58 that improves to 3.83
in the near-lossless mode (+1 levels) [11]. In addition,
for a region of interest that covers 20% of the image
region, the average compression ratio improves from
15.1 to 22.0 [11].

Transmission of digital video

The successful and efficient deployment of medi-
cal video communication systems relies on timely in-
tegration of video coding standards technologies and
adaptation to the underlying wireless channel’s capac-
ity. Given the fact that wireless networks impose a limit
on the available upload data-transfer rates, exploiting
the trade-off between compression efficiency and clini-
cal video quality is of primary importance. In contrast
to wireless communication of conventional video and
multimedia applications, clinical video quality cannot
be compromised, as the latter would translate to mis-
diagnosis. Consequently, mobile Health medical video
communication systems need to be diagnostically driv-
en [11]. The objective of diagnostically driven systems

Table 1. Selected mobile Health medical video communication systems[11]
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is to maximize the clinical capacity of the communicat-
ed video by adapting the employed algorithms for video
encoding, wireless communication, and both objective
and clinical video quality assessments on the underlying
medical video modality. While sharing common con-
cepts and principles, diagnostically driven approaches
are often medical video modality specific.

In terms of video resolutions facilitated by vid-
eo coding standards, the H.261 standard (first video
coding standard—early 1990s) supported the quarter
common intermediate format (QCIF) (176 x 144) and
the common intermediate format (CIF) (352 x 288)
video resolutions. Subsequently, the H.262 standard
(released in 1995) extended video resolutions support
up to 4CIF (720 x 576) and 16CIF (1408 x 1152). Then,
the H.263 standard (introduced in 1996) provided for
improved quality at lower bit rates while also allowing
lower, sub-QCIF (128 x 96) video resolution encod-
ing. The aforementioned video coding standards were
employed in early medical video communications sys-
tems of limited clinical capacity. This was partly attrib-
uted to the inability to encode medical video at video
resolutions and frame rates (to match the available bit
rate of wireless channels) that would not compromise
diagnostic quality and clinical motion, respectively.
The H.264/advanced video coding (AVC) standard
[12] dominated mobile Health systems and services
of the past decade (released in 2003). The H.264/AVC
standard, linked with 3G and 3.5G wireless networks,
enabled efficient and timely encoding to match the
available data rates and conform to real-time transmis-
sion requirements. In addition to coding efficiency and
error-resilience coding tools, H.264/AVC introduced
the network abstraction layer (NAL), a novel concept
enabling network-friendly adaptation of the encoded
content to candidate heterogeneous networks and/or
storage devices (and cloud infrastructure), a significant
feature toward H.264/AVC success. High-resolution
and high—frame rate medical video communication is
feasible using H.264/AVC over 3.5G wireless channels,
leading to a plethora of mobile Health systems and
services of high diagnostic value, being a milestone for
mobile Health systems and services. However, in con-
tradiction to initial projections and enthusiasm, the
adoption of wireless telemedicine systems in standard
clinical practice remains limited. The new high effi-
ciency video coding (HEVC) standard specifically de-
signed for beyond high-definition video communica-
tions that provides 50% bitrate gains for comparable
visual quality compared to the H.264/AVC standard.
Together with 4G and beyond (5G) wireless networks
deployment, the HEVC standard is expected to play a
decisive role toward wider adoption of such systems
and services. To achieve this, mobile Health medical
video communication systems that can transmit medi-
cal video at the clinically acquired resolution and frame
rate that can be robustly transmitted in low delay with-
out compromising clinical quality are envisioned.

Mobile health services in Latvia

From the personal interview of East Clinical Uni-
versity Hospital Medical Technology Director Uldis
Jaspers (uldis.jaspers@aslimnica.lv), in Latvia around
90% of hospitals are using so called Arstabirojs [13]
http://www.arstabirojs.Iv provided by Meditec.Iv com-
pany. By his words, they are monopolists in Latvia
eHealth service market.

The only mobile health applications what they are
providing according to their official site http://www.
meditec.lv/HP is HealthPoint [14], description from
meditec.lv site: “HealthPoint is a unique application,
developed for smartphones, which allows dealing with
a variety of health-related issues. The application al-
lows you to make calls to the emergency number 113,
while transferring the caller’s location data (GPS coor-
dinates) and basic information about the caller to the
emergency medical service dispatchers. The app allows
you to call your family doctor or make a call to the con-
sultative phone of NHS general practitioners.”

Here I would like to say, this is not true, that their ap-
plication is unique. All what this application does is:

Making preset call to 113 emergency service and send-
ing GPS coordinates of the caller, but there is a trick. Your
phone should have an active GPS module and applica-
tion should have access to gather that information from
smartphone. If GPS is turned off in your smartphone or
application won’t have access rights to it, then application
won’t send any coordinates and instead of it after 5 sec-
onds will just make a phone call to 113 emergency service
as you could do it just from ordinary phone or mobile
phone, not necessary from smartphone or tablet.

Instead of calling 113, second option of mentioned
application is to call your family doctor, but before you
can do that you need to preset his phone number.

Here comes the question, why I need the applica-
tion if I can do it from Contacts?

Needless to say, as for latest version of HealthPoint
have tested on 17.04.2016, its broken on Android 5.1,
if HealthPoint can’t access GPS data from smartphone,
instead of calling after 5 seconds, application just hangs
with black screen and no call to emergency service 113
is made, so it’s not even safe to use for health emergency
call, it's very dependable application for proper configu-
ration of GPS module, which can be problem for non IT
specialist users to use, especially for aged people.

Results and Discussion

The heterogeneous telecommunication network ex-
periment for the research was placed at the RTU rail-
way transport telecommunication laboratory in Riga,
Ierikustreet 8A, Figure 4-5.[17]

The experiment object was medical high resolution
video (Blu-ray) stream in DICOM H.264/AVC format
over optic network and over mobile network using two
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largest mobile operators in Latvia, Tele2 and LMT -

2G/3G/4G connection standard in their network.

Latvian internet exchange point to global internet,

Figure 6.

a—

Figure 4. General view of the heterogeneous network, Riga,

Ieriku street 8A.
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Figure 5. SIEMENS SURPASS hiT7020 - 4 multiplexers with
subscriber system connections are connected to the ring viaoptical

The results of streaming high resolution medical
data video format - DICOM H.264/AVC in heteroge-
neous network:

Through(server-terminal) Optical Connection, Figure 7.

LMT 4G connection, Figure 8.

LMT 3G connection (HSPA) Figure 9.

LMT 2G connection (EDGE)Figure 10.

The results from TELE2 network:

TELE2 3G connection (WCDMA) Figure 11.

TELE2 2G connection Figure 12.

Conclusions

1. The experiment showed, that even in worst case
scenario as 2G connection, it’s like somewhere in the
middle of unpopulated area in Latvia and some kilom-
eters away from transmit/receive tower, it’s possible
to transmit and receive high resolution video format
(Blu-ray, H.264/AVC DICOM) although it need some
time for buffering, but at the end, have received video
and audio stream without quality or data lost.

LMT and TELE2 representatives are declaring on
their sites - www.Imt.lvand www.tele2.lv that their 4G
coverage is 98% of the area of Latvia.[15-16]

2. From the experiment gained data, it’s clear that
Latvian heterogeneous telecommunication network
infrastructure is ready for mobile medicine based plat-
form applications, that could improve the quality of
service in the Latvian Health system and more people
from unpopulated areas could receive the part of health
services same as they would live in capital, technology-
allows that.The problem is in management, all stored
data over clinical hospitals that are using “Arstabirojs”

Figure 6 Internet exchange point of Latvia (Latnet, Telia,
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in Latvia and that is 80%-90% [13] of total healthcare
system institutions is stored and managed by private
company Meditec [13]. So independent developers can’t
access and integrate their mobile application due to lack
of access to databases and as private company Meditec is
not interested in sharing this access, because this is main
source of income for this company [13]. Latvian gov-
ernment should step between and regulate this access
by law, in this way mobile health application market in
Latvia could gain healthy concurrence which is good for
patients and overall for industry. Right now, Latvia has
no any integrated mobile health applications between
government owned clinical hospitals and patients with
authorizing access for patients to medical databases too-
verview their medical examination/diagnostic data or
gather data from wearable biosignal devices and upload
it to their medical data profile, as an example later on
medical file could be examined by doctor. The only mo-
bile health application for patients that Meditec is pro-
viding (HealthPoint) isn’t integrated with the database
data from clinical hospitals, its standalone application
with 2 poor designed functions.
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Annotation. Nowadays in the world has developed an acute need for a new type of land transport, which can provi-
de a significant increase in traffic volumes and speed of movement. Traditional “wheel-rail” and “wheel-road” technologies
have reached the limit of their functional use and do not cope with the growing demands of the modern market.

Hyperloop technology has a significant potential for implementation in the transport network. Significant advances in
the digital sphere allow us to design increasingly sophisticated and high-tech mechanisms; therefore the trend of occupying
world market with Hyperloop technology has the potential to be realized.

The report deals with technical issues of construction and operation of transport lines Hyperloop technology. The pro-
blems of technology introduction taking into account the natural and climatic conditions of the northwestern part of Russia
and the Baltic states are indicated. The directions of their solution are formulated. It is pointed out the need for large-scale
joint scientific and technical research at the initial stage of the project.

Introduction

The vacuum transport project Hyperloop appeared
in 2012 as an alternative to the construction of the High-
Speed California Railroad, which US engineers estimated
at $ 60 million per 1 km [1]. American businessman Elon
Musk, the Developer Hyperloop, said that the constructi-
on of its route would cost 10 times cheaper. According to
L.Musk, the new technology will have a number of unde-
niable advantages due to its design features. Hyperloop is
a pipeline inside which a vacuum is created.

The vehicle - a special capsule 25-30 m long, will
not be affected by air resistance and it'll move above
the magnetic rail at a speed of 1220 km/h [2]. The crea-
tion of a working cost-effective prototype will mark the
beginning of a new era in the transportation industry
the need for which is obvious due to the exhaustion of
the potential for the development of traditional wheel-
rail technology which, due to the design features of the
road and electrical equipment, ensures the cost-effec-
tiveness of passenger traffic at a speed of 370 km / h;
freight traffic - 160 km / h [3].

Today, active testing of Hyperloop technology is un-
derway. On September 2, 2017 Tesla capsule accelerated
to a speed of 355 km/h on the test track of a 1.25 km long
in Hawthorne, California[4]. Now SpaceX is holding the
third stage of the contest for the development of cabins
for Hyperloop, which means that at the beginning of
next year it is planned to reach a speed of 500 km/h.

The relevance of technology

However, along with success the technology has ear-
ned a lot of criticism. In general, Hyperloop is another
of many attempts to create a vacuum train which were
made since the XIX century. So in 1864, Englishman
Thomas Webstar Remel built a line for the movement
of pneumatic trains in Crystal Palace Park[5]. And in
1870 in New York it was proposed to develop a me-

tro network based on a similar technology — a working
pilot site was built near Broadway. However, the sub-
sequent integration of technology in the urban trans-
port system was prevented by the conflict with autho-
rities, who feared for the safety of the foundations of
houses under which the route was to pass [6].

In the XX century there were many attempts to im-
plement similar projects. But most of them were rejec-
ted because of the high costs needed for construction.
Hyperloop differs from all predecessors in the team
character of the work and a more progressive produc-
tion base. The work on the project is organised in such
a way that several competing teams are engaged in
technology development, which greatly accelerates the
natural selection of ideas and solutions.

Today, the governments of the United States, the
United Arab Emirates, Australia, India, Russia and other
countries are interested in building Hyperloop lines on
their territory, which for the first time in more than 200
years of the vacuum train idea, takes it from the category
of a utopian concept to the stage of a strategic project that
determines the state’s competitiveness in the world.

Features of introduction in northwestern part
of Russia and the Baltic states - problems and
ways of their solution

The introduction of such technology requires solving
not only the main problems of technology, such as:
+ ensuring the safety of people in the pipe in case of
emergency situations;
e energy saving.
In addition to these, there are other specific tasks con-
cerning northwestern part of Russia and the Baltic states:
1) provision of increased deformation of abu-
tments and pipes;
2) increase in the diameter of the pipe for the in-
troduction of technology into the multimodal
transport complex;
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3) development of special regulation and design
documentation and recommendations for the
construction of Hyperloop infrastructure;

4) choosing the optimal Hyperloop network loca-
tion.

The first problem is that the construction of lines
using Hyperloop technology requires solving the pro-
blem of determining the permissible deformations of
the bases, taking into account large diameter pipes on
the supports [7].

Movement with high speeds requires increased ri-
gidity of the system. Thus, during the construction of
bridges on the high speed conventional railway, the per-
missible deflection was increased by 3.5 times in com-
parison with the structures for average speed traffic,
from 1/800 on the routes from 200 km/h [8] to 1/2700
(on span structures 65 m long at a speed of 350 km/h)
[9]. Such an increase in requirements occurs with rai-
sing speeds by only 150 km/h. If we have speeds close
to 1000 km/h, we will need not only to provide incre-
ased rigidity of the bases and pipe structures, but also
the development of additional guiding devices.

The second task, connected with the increase in
the diameter of the pipe, results from the need for
the transportation of goods, which is dictated by the
vast territory of Russia and the established logistics of
freight traffic. In current realities, investing in such an
expensive project is possible only for the purpose of
gaining permanent profit in the future. Passenger traf-
fic is not suitable for these tasks, while the potential for
transit and inland freight traffic in Russia is great.

Freight transportation using containers is the most
progressive method today. For example in Europe 98%
of tare cargoes are transported in containers. Therefo-
re, one of the factors determining the diameter of the
pipe for the Russian transport services market will be
the size of the container [10].

Today, the diameter of Hyperloop is 3.3 m [11]. We
believe that its diameter should be 4.5 m, which will
allow us to transport standard containers of 40 ft. (2.43
x 2.59 m) by the magnetic-levitation system using a
transport capsule (Picture). This will require additional
strengthening of the walls of the system to maintain

b

Picture. Optimization of the diameter: a — design diameter of
the HyperloopOne pipe; b - recommended pipe diameter for a
universal cargo system. 1 — magnetic rails; 2 - the container; 3 -
cargo capsule.

the vacuum and increase the capacity of the compres-
sor units.

Technically, the implementation of the project is
not difficult. All tasks can be solved with the appro-
priate scientific support and a consistent elaboration
of the questions posed. According to the results of the
research, special technical specifications and subsequ-
ently a corresponding set of rules will be developed for
the Russian technology.

To implement the project, it is necessary to deter-
mine the most appropriate route in Russia. This requi-
res a comprehensive study of the market of freight and
passenger transportation in Russia and neighboring
countries, conducted in cooperation with the govern-
ment as well as domestic and foreign transport compa-
nies. As a result of the research, the need and trends of
the market will be revealed, a complex mathematical
model will be drawn up and optimum routes will be
identified for the construction of a transport network
with specified parameters.

Conclusion

During the analytical analysis it was determined
that the vacuum train technology has a significant po-
tential and in recent years there has been a significant
increase in scientific results. Russia, which has a huge
territory with consolidated economic centers, has gre-
at prospects for the introduction of such high-speed
transport. To prevent a lag in the field of freight traffic,
it is necessary to conduct a series of experiments in the
coming years and to create a prototype of the vacuum
train technology on the basis of which the technical
standards will be developed.
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Annotation Under cycling rail loading ballast is constantly degrading and thus requires periodical recovery. Commonly
used method of rail track recovery - ballast tamping — possesses numerous shortcomings, which lead to high costs of track
maintenance. Stoneblowing was suggested as an alternative technique of track level adjustment, free of tamping disadvan-
tages. Unfortunately, application of this perspective technique still remains limited. This paper is focused on comparative
study of tamping and stoneblowing techniques. We investigate difference in contamination levels and transverse resistance
of railway track panel after different surfacing procedures. Conducted laboratory tests demonstrate that ballast, adjusted by
stoneblowing showed better mechanical characteristics in comparison to ballast, adjusted by tamping.

Keywords: railway, lateral resistance of railway track shift, crushed stone ballast, defects in ballast, tamping, stoneblo-

wing.

1. Introduction

In our experiments influence of tamping and sto-
neblowing methods on overall ballast contamination
was investigated. The experimental setup included a
universal testing machine EUS-40, Leipzig (frequency
5 - 25 Hz, maximum load 400 kN), box (300 mm X
600 mm x 400 mm) and metallic stamp 240 mm x 250
mm). The experiments were conducted with a ballast
sample 1 (Likhobory station).

Stoneblowing procedure and further ballast settle-
ment was modeled in the following way: sample un-
derwent dynamic loading from 5*10°to 1* 10° cycles.
After the load removal sample was sifted through stan-
dard sieves.

Tamping procedure comprises the adjustment of
sleepers’ level and subsequent ballast packing beneath
the sleepers. Due to numerous shortcomings, including
damage (Counter 2015), loosening and subsequent qu-
ick revert of ballast to a premaintenance state (Esveld
1989), application of this method leads to high costs
of track maintenance. Pneumatic ballast injection, or
stoneblowing, is an alternative technique, originally
proposed in the UK (Anderson et al. 2002). It is repor-
ted to be more delicate technique that does not affect
the existing well-compacted ballast and thus results in
better track quality (Claisse 1992, McMichael 2003).
Unfortunately, this method has not found a wide ap-
plication up to date. In the present paper a compara-
tive analysis of tamping and stoneblowing techniques
is performed by means of 1g physical modelling of re-
covered ballast. In our experiments we focus on conta-
mination and mechanical properties of the recovered
ballast.

2. Ballast contamination source study

As a first step, we investigated the main source of
ballast contamination, since it can vary considerably
[Fig.1 a,b]. The process of ballast degradation is mainly

dictated by ballast contamination composition, thus, it
is important to determine the nature of contaminants
in ballast samples to develop correct physical model
for further experiments.

For these purposes we collected two ballast samples
from the railways with different operating and climate
environments.

These samples were used in all further experiments.
Sample 1 was collected at railway turnout Ne 47 of Lik-
hobory station on 50" kilometer of Little Ring of Mos-
cow Railways, which is used predominantly by passen-
ger trains. Sample 2 was collected on Kovdor-Pinozero
railroad section, where the main part of traffic is rail-
freight. Cone quartering method (GOST P 54748-
2011) was used to obtain representative samples with
8-10 kg weight for further petrographic study (GOST
25100-2011).

The results of petrographic study are presented in
[Fig.1 c,d]. The main source of contamination for both
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Figure 1. Petrographic studies of ballast from (a) UK railroads
(adapted from Selig et al. 1996), (b) Australian railroads (adapted
from Indraratna 2006), (c, d) Sample 1 and 2, respectively.
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samples is granite, thus, the contamination is mainly
caused by ballast degradation under high loads. The
presence of metal in both samples may be explained
by the fact, that the first sample was collected on the
railway turnout, whereas the second sample was col-
lected in the vicinity of iron ore mine. Comparison of
the obtained petrographic study results with the ref-
erence data for British railways showsa strong resem-
blance between the two.

3. Influence of different surfacing techniques
on contamination

In our further experiments influence of tamping
and stoneblowing methods on overall ballast contami-
nation was investigated.

The experimental setup included a universal testing
machine EUS-40, Leipzig (frequency 5-25 Hz, maxi-
mum load 400 kN), box (300 mm x 600 mm x 400
mm) and metallic stamp 240 mm X 250 mm). The ex-
periments were conducted with a ballast sample 1 (Lik-
hobory station).

Tamping procedure and further ballast settlement
was modelled in the following way: sample underwent
dynamic loading for 5*10° cycles (12 Hz frequency),
then ballast was spilled out of the box and pressurized.
After that it again underwent the same cyclic dynamic
loading.

Stoneblowing procedure and further ballast settle-
ment was modelled in the following way: sample un-
derwent dynamic loading for 10° cycles.

After the load removal sample was sifted through
standard sieves.

The size distributions for sample after loading in
two different regimes are presented in Figure 2. The
obtained results demonstrate, that in case of loading
with repacking the mass fraction of contaminants is
shifted to smaller sizes. Small particles of degraded bal-
last penetrate into space between large ballast stones
and complicate further tamping procedures. The pre-
sence of smallest particles (< 0.16 mm) leads to water
accumulation in ballast prism. We should also high-

Wiy
B wonping. ol nkess 519 ¢

= B stoneblowing. total mass 248 ¢
e~ ]
=
=
i
b
2w
=
-—
il
-
5 I I
=

., 0 B. H=m

=i 16 0.1-2 2-10 125
size, mm

Figure 2. Comparison of size distributions of ballast particles
after tamping and stoneblowing procedures.

light, that overall contaminant fraction is 2-10 times
higher in case of tamping compared to stoneblowing.
We may conclude, that if the rail track is recovered by
the methods that involve repacking (e.g. tamping) the
rail track is degrading faster due to higher extent of
contamination by small granite particles.

4. Modelling transverse resistance of railway
track panel, reinstated by different surfacing
techniques

The experimental setup, used for these series of ex-
periments was realized as a vertically fixed firm metal-
lic frame above a box (40x30x150cm) filled with bal-
last gravel [Fig. 4]. The following ballast materials were
used for the experiment:

— ballast gravel, collected at Likhobory station on
53rd kilometer of Little Ring of Moscow Railways
around a railway frog (with 30% contaminant frac-
tion) (“dirty”);

— commercially  available  small-sized
(5-10 mm) as a stoneblowing material.
The sleeper sample of type ShS-ARSH (fastened by

P-65 rail, ARS-4 fastening type) with lateral dimensions

28x65 cm was placed on the ballast surface [Fig. 4].

For the vertical load modelling a hydraulic lifting-
jack (max load 110 kN) was used, which pushed the
frame and the rail apart, applying vertical pressure. For
the horizontal shear load modelling a hydrocylinder
(max load 50 kN) was used, which pushed a fixed stop
and the rail apart, applying horizontal pressure [Fig.
3]. Both devices were equipped with pressure gauges,
which measured pressure, applied to the sample. The
pressure gauge, used for vertical load measurement
was additionally calibrated with the help of the univer-
sal testing machine EUS-40.

Vibration of a rolling stock was simulated with an
areal vibrator IV-99B, fixated on a sleeper sample. A
frequency converter was used to reduce the vibration
frequency to 12 Hz, required for the experiment.

Vertical loads of 0, 10, 30 and 50 kN were subse-
quently applied to each of the samples. The maximum
applied load 50 kN was chosen to provide stress P, =
0,320 MPa under the stamp, which corresponds to
the maximum axle load standard in Russian Federa-
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Figure 3. Schematic view of the experimental setup: 1 - frame;
2 - sleeper sample; 3 — box with ballast; 4 — areal vibrator; 5 -

horizontal lifting jack with pressure sensor; 6 - fixed stop; 7 —
vertical lifting jack with pressure sensor.
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Figure 4. Dependency of transverse load from vertical load for
different samples.

tion (SP 119.13330.2012 “SNIP 32-01-95. Railway and
gauge tracks 1520 mm”).

Experiments were conducted with the ballast ma-
terials, listed above using different degree of packing.
Ballast packing was performed by loading the slee-
per sample with a vertical load of 49 kN at a constant
frequency of 12 Hz with an amplitude of 1 mm. In to-
tal, 50 thousands cycles were applied during the pac-
king procedure.

During the shear tests the load was measured at the
sample sleeper displacement of 0,4 mm, the same shift
value was exploited in the experiments of Bromberg
1966. Every measurement was repeated 5 times and the
final results were averaged.

The stoneblowing technique was modelled in the
following way: after reaching the required packing
degree the sample sleeper was lifted 40 mm above the
ballast. Gravel with fine grain size was introduced un-
der the lifted sample sleeper using a pneumatic injector
(Abrashitov 2014) and the resulting sample was pac-
ked with 50000 additional loading cycles.

The tamping technique was modelled in the follo-
wing way: after reaching the required packing degree
the sample sleeper was lifted 40 mm above the ballast
and the tamping was performed by perforator in the
chipping regime. The resulting sample was packed
with 50000 additional loading cycles.

Conclusions

The obtained results demonstrate that in case of loa-
ding with repacking the mass fraction of contaminants
is shifted to smaller sizes. Small particles of degraded
ballast penetrate into space between large ballast stones
and complicate further tamping procedures. The pre-
sence of smallest particles (< 0.16 mm) leads to water
accumulation in ballast prism. We should also high-
light, that overall contaminant fraction is 2-10 times

higher in case of tamping compared to stoneblowing.
We may conclude that if the rail track is recovered by
the methods that involve repacking (e.g. tamping) the
rail track is degrading faster due to higher extent of con-
tamination by small granite particles. In current report
we performed comparative analysis of stoneblowing
and tamping techniques by 1-g physical modelling of
recovered ballast. We focused on contamination levels
and transverse resistance values and performed preli-
minary tests to develop correct physical models. The
results of laboratory experiments clearly demonstrate
that the ballast adjusted by stoneblowing possesses bet-
ter mechanical characteristics in comparison to ballast
adjusted by tamping. To fully prove the advances of
stoneblowing technique we are currently launching ex-
periments in real-world environment.
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Short annotation in Russian: IIpyu npuioxeHuu LyKIndec-
KOJI Harpyske 6a/racT MOCTOAHHO HEPABHOMEPHO OCaKMBAETCA
U, CTefloBaTeIbHO, TpedyeT MepUOfMIecKUX BhIIpaBoK. Obe-
TIPYHATBIN METOJ, BHINIPABKM K€/Ie3HOJOPOXKHOTO MYTU B IIPO-

(1)]/[]'[6 — BbIIIpaBKa H0)16I/IBKOI7[ 06na)1aeT MHOT'O4YMCII€EHHbBIMU

HE[IOCTaTKaMU, YTO IPUBOJUT K BBICOKMM 3aTpaTaM Ha TeKylee
cofieprKaHue >KelIe3HOOPO>KHOTOo IyTH. ITHeBMaTmaecKuit cyd-
JSDK OBUL IIPENNIO’KEH B KauecTBe abTePHATMBHOIO METOAA BbI-
IIPaBKY IIyTH 110 YPOBHIO, C HAHECEHMEM MEHbIIEro yiep6a, 1mo
CPAaBHEHUIO C BBIIPABKOIT moouBKoit. K coxaneHuio, npumene-
HIIe 3TOJ1 NepPCIeKTUBHOI TEXHOIOIMM BCe ellle OTpaHN4eHHo. B
HaHHOII paboTe OCHOBHOE BHUMaHME YAENAETCA CPaBHUTEIbHO-
MY U3YYEHMIO METO[IOB BBIIPABKM MMOAOMBKOIL 1 ITHEBMATHYeC-
Koro cy¢isaxa, Mbl u3ydyaeM pasHMIY B CKOPOCTU HaKOIIEHMA
3arpA3HEeHMIT U IOTIEPEYHOM COIPOTUB/IEHUH XKeTIe3HOTOPOXKHO-
IO IyTU CABUTY IIPU Pa3AMYHBIX TEXHOJOIUAX BbinpaBKu. I1po-
BeJleHHbIe Tab0paTOpHBIE MCIIBITAH II0KA3bIBAIOT, YTO HajIacT,
BBIIIPaB/IEHHBIII C IOMOILbIO ITHEBMATIYECKOTO Cy(QIIAXa, OKa-
3bIBaeT JTy4llllie MeXaHN4YeCKlie XapaKTePUCTUKY II0 CPABHEHNIO C
6a/71aCTOM, BBIIPABIEHHBIM C IOMOL[bIO ITOOUBKIL.
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10. Formulas, tables and pictures.

Formulas are written using standard editor of formulas in Word, font
size of the main variables — 10 pt (variables and their indexes, except num-
bers, are in italic).

Tables are formatted together with the text, justified alignment. Num-
bers and titles of tables are written above tables in italic 12 pt in serial or-
der through all the text. Content of the table is aligned under left margin
and written in 10 pt, for example:

Table 1. Title

AAAAA

BBBBBBB AB CCCC

Illustrations, pictures, diagrams, and etc. are edited and composed in
the text, also they are placed in the separate files. Pictures and photos are
placed in tif or jpg format. The distinctive expression is no less than 300
DPI, greyscale tones. Graphs, drawnings, scheme - eps, wmf, emf format
(possible Excel or CorelDraw). The titles are in bold illustration 12 pt, bold

centered, in continuous order in all the text (1 ex., 2 ex.). The title is writ-
ten after the illustration number in 12 pt bold centered.

11. Literature

Quoting. While quoting the source of literature is indicated in a
numbered list of bibliographic references at the end of the article. Refer-
ence is written in angle brackets, for example, [2].

List of literature is made in alphabetical order numbered in Arabic nu-
merals. At first, the publications are listed in Latin characters, and then - Slavic.

Presenting of literature list:

Books:

Book of one author.

Surname of the author, First letter of the name. Title of the publica-
tion. Edition (if required). Place of edition: publishing house, year. Stan-
dard number.

Vaitkeviciate, V. Tarptautiniy ZodZiy Zodynas. Vilnius: dictionary,
2002. ISBN 9986-456-62-1.

Book of two authors. If there are a few authors, their surnames are
separated by a semicolon.

Surname of the author, First letter of the name; Surname of the au-
thor, First letter of the name. Title of the publication. Edition (if required).
Place of edition: publishing house, year. Standard number.

Zohar, D.; Marshall, I. Dvasinis kapitalas. Vilnius: Tyto alba, 2006. ISBN
9986-16-527-X.

Book of three authors.

Surname of the author, First letter of the name; Surname of the au-
thor, First letter of the name; Surname of the author, First letter of the
name. Title of the publication. Edition (if required). Place of edition: pub-
lishing house, year. Standard number.

Kunevic¢iené, A.; Peckuviené, L.; Zilinskiené, V. Specialybés kalbos
kultira. Vilnius: Lithuanian Law University, 2003. ISBN 9955-563-43-5.

Book of four authors.

Surname of the first author, First letter of the name; the abbreviation
et al. Title of the publication. Edition (if required). Place of edition: pub-
lishing house, year. Standard number.

Ginevicius, R; et al. XXI amZiaus is$ikiai: organizacijy ir visuomenés
pokyciai. Vilnius: Technique, 2006. ISBN 9955-057-3.

A book without an author.

Title of the publication. Edition (if required). Place of edition: pub-
lishing house, year. Standard number.

Kanceliarinés kalbos patarimai. Prepared by P. Kniuksta. 4™ edition.
Vilnius: Institute of Science and Publishing of Encyclopedias, 2000. ISBN
5-420-01238-3.

Articles published in books and voluminous editions.

Surname of the article author, First letter of the name. Title of the
article. Title of the publication. Edition. Place of edition: publishing house,
year, place in the publication (pages).

Sabaliauskas, A.Graiky kalba. Lietuviy kalbos enciklopedija. Vilnius:
Institute of Science and Publishing of Encyclopedias, 1999, p. 222-223.

Articles published in serial publications.

Surname of the article author, First letter of the name. Title of the ar-
ticle. Title of the publication. Year, place in the publication (pages).

Mauziené, L. Leksikos mokymo metodikos aktualijos. Filologija, 2005,
No. 13, p. 60-65.

Electronics documents.

Surname of the author, First letter of the name. Title [type of me-
dia]. Edition. Place of edition: publishing house, date of publishing [date
of making the link]. Access. Standard number.

Europass in Lithuania [interactive]. Vilnius: ES Leonardo da Vincio
programos koordinavimo centras [viewed on December 4, 2007]. Access
via Internet < http://www.europass.t.

Lietuva iki Mindaugo [CD-ROM]. Vilnius: Electronic Publishing
House, 2001. ISBN 9986-9216-5-1.
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