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l gvados
1. At | i k ustiltokig akloinmsjfioc akal i ziA nQuisatuastiy t @2, i rkkaetizld d i ydr a
| ak gt @ord SGMB@AS8) & ki nas ijksd®3tntankacy i arulsii aiDZ g el Kirbdest oni
konstrukcijosi 0,4 cm.

2. l ganalizavus ir paMgbit®f iStulkcios tiplsy gkanomidd e n g t
pogilriu, buvo nustatremﬂgofrhMoDmlkggxma@utskluammrakjtaMon ulo j
tipo konstrukcijokainuga 1117861 Pagal konstrukcinéds ir ek@endmianad
ti IDE@Mgi mui tignkamba@®sphi bhoOl akgt O konstrukcij a.
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POSIBILITIES TO INSTAL AND THE ANALYSIS OF GREEN VIADUCTS DESIGN SOLUTIONS IN
ROADS OF LITHUANIA

Summary

During the pasyear traffic accidents have increasgdLithuania, where th main perpetrators are animéiem
frogs until bison The ntensity 2506010000 vehicles per day irease these accidents into high level. Animals trying to
cross the roads and approximate@f6 of them where killed of accidents witkehicles. If intensit is less than 2500
vehicles per day, possibility to surviwecreasing. The animals afgghtening away from trying cross the roads if
intensity is more than 1000 vehicles per day. In ord&r awid as much as possible, the palrduents that affectat
just the animals themselves but also people who die, effaetive environmental measures muspbavided. Looking
at global practice, the most effective tool is the "green viadéa"there ae no such environmental measures in

Lithuania, this artile will consider the design solutions for the installatiofiaf r e en vi aduct 0.
Key words: traffic accidents, road, green bridge, environment, constructiogrgrg animals, water.
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PIGMENTO FE,O3] T AKS MUL K1 A GR1 BEGOND SAVYBAMS

Vincas Gurskis?, Tautvydas Vitkauskas
Vytaut o Di dgi2%gumm technikovkelggs i t et as

Anotacija

Gaminant spalvotus betonus nayami pigmentai. $ Vv @ mie m t sFiitingiokiekiaijvédkaai p
betonomi gi ni o savybesb Eytinm huvo vertinama raudonos spalvef:; p i g me n t somuDZkai kaag r T d ¢
betono mi gnmiijoaikomnbetbheiten &j mei i rstpriyny agdlg mo® DHeri amumui ,
bandymams buvo pagaminti ,guidsePignsenta Khekis kito nocea ik ¥ aeménton d i n i

ma s. Bamdymai buvo atkti pagal standartissmetodkas

Tyrimo rezulta a i p a rdoi ddag,i akiesdenkimgt agni ugdymo svapdéens D&Hgi aa
pasi gmnmi ki betpnabkdriarsepigmentas suda®3%nuo cement o masas.

Rei kgmi ni:aipidankefitaii ; betonas; DfHeriamumas; stipris

j vadas

Cementinisbetonasi p| al i au sinasit an ylbd mjda medgi aga gi pmOi §ynmi
t al yraanuu o b o pilkps spahos Giam trl kumui sumagi ni pigmangaiudoj a
Pigmentaii tai gamtiniai ir dirbtiniai neorganiai ir organinia. da gi k1l i ai ,medD3maa ggaosmi pD
rigiklius, i r sut ei.Wie tarhatitktsstajdacrhST EN 1128728120 #ekkaivimasp a | v N
Moks !l i nase (plosphobarokaairckt.,j 2016, elvanauskas, Grigonis, 2008zaRkn, 2019 ir k.
nurodoma, kad spalvotuosetmn uos e naudoj ami p i aspeeumtad imotsd reir opa s ir ¢
poveikiu, juose ng a | i bTti tirpi O druskOO, dal kuri O susi da
kad lengvai, be guntud | i O i ¢estiomai gnyitgd nby pad dii mt @i rviamalleinasi s Nn a
panagaus tankio kaip itooememnggas okaguoneet seghi it
jungi ntiuG i b .tStraipgnje ¢Rozavinj 2610)pa § ymmaikad neorgai nds ki | mas pi
ypade gi edOpalgsii ndu, pasi gy mi geresni u cmp@dawviosas gkia
pigmentai

Bet on Ggmentis savybesanalizavo V. Hospodarova ir kt. (2015\Gi e aut or i ai t
naudodmi tik 5 % pigmen® nuo ri g amo s ivanbse teiga,kadi spajvots pigmento
panaudojimas betone netur.i nei gi amos DZakos suki e

Lietuvos mokslininkO publikacijbjsayavmahiBakas
betono su pigmentais fyrmi@zultatai, kuriais nustatyta, kadaudojantki 6 % FeOs pi g ment o s uma
betono gniugdymo stipris, atviras poringumas bei

Straipsnyje(E g t o letal, 8020)ateikiama informaga, kadspalvoto py ment o ir | aki O
derinysturis i n e rpgoevteii nkOZZ n e sg rpiauhg stipésjir d5%b e tu camaidens absorbcija.

L.Hatami ir M. Jashid(2017) nurodo, kad pigmentdiar o DZ ak N pradinei ,ir ga
keil i a letomo nkg igrkyDEZ e d dausanaipnuoi pigiemto, kai kuriais atvejais gali atlikti oro
DZi ur bi mN.

Publikacijoje (Sausa et al., 2020) teigiama, kafitiyrus trij O sudéali O betc
panaudota O, 3 i igme6to, ekomendj@nas pagmento kiekits 3%, negesanttokiam
kiekiui gniugdymo st i prteigiamakadnsipipesjian betomuj pigimerdas dairo. B
didesnii neigiamN DZ akN.

Literatiroje analizuoj ama siks R.tMoradgodr ikp. i(2013ent O D
263)t ykedmini O pi gment O p®ivee i tkyDZ &jearie nphimiianapigmentsi,adidinak e r a n
betono gniugdymo st i pr Bhgviau&ontdokuojamosnkerazijos prodblentbst Bi M, be
Yildizel ir kt. (2016) atlikoy r i mN, kur i ugo@pa & Ot png me kit Ot smvybes ir
Atlikto tyrimo duomenimis, rudos, geltonos ir juodos spalviosgpme nt a i | abi ast dpdbD&h an g
raudonos spalvos pigmentai. Tyrimo metu pagamskiediniai su raudo u pi gmentu pas
magassig i prumo rei kgmami s, nes nustatyta, KiadgkDZaud
vandens absorbcij N. tReamiiantgasl i gnao ttey rgitmqg rkezulpi ¢
raudoN pi g me n taNprie tplygaus iskitdinistprumo, atsparumo ir nepralaidumo vandeniui
di da.j i mo

] vert i nus tai kad Lietuvoje r audonnaousd osjpaaravso sd aj
ratiroje n ur odyDZupsi ghnee ngii @at nquIEslY ieai t kS A| phueipsi t nau sa |

j t

[

-
—

ono gamyb®eto,spadopamomies omadgidago
tbeki ©, |l erpi O) gamybai tyri mams p
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Tyrimo tikslasi nustatyti s mu | ki alptord siyiyd i O pandojgnitraudosos spalvos
pigmenNigel e gi NF&Os.0ok si d

Ty r iobjéktas ir metodika

Tyrimo objektu buvop asi ri nkt as s muBlakidagraimsi sb ubvet opnaagsa mi n't
betonobandiniai. Gaminarbetono bandinius buvonajdmo s ¢gi os medgi agos:
- cementas CEM II/ALL 42,5 N;
- raudonos spalvos pigmentag e | e g i e sFeO:Kmmudatad, 4, 2,3, 4 ir 5 % nuo cemento
masas) ;
- superplastiklis naf tguhdiStathementa&N] dehi di nas der vo
- smalis (M4mmkcija O

- varduo.
Naudot a t dbepigmeppma gi ma o sudatis: viena masas da
ugp i(lod o. . . 4 , vanuenssimcgrheinto pantykigc = 0,5, superplastiklis nenaudotas. Kio

sudatys e pigmantad @,tsekiant gaupa st ovOpanagiiN_ mi gi hNp kanodb!
superplastikis kuri o kiekis didajo, didinant pigmento ki
Smul ki agetiodngo amiughion imeii gomAjpé aber at bni ol Mmf@de gy mo
pav.) pagaktandarto LST EN 19@:2016meb di. k at i kri nus benhonpNmi Buni on
pagal ki gi o DZpagamjntgunév rgty.l DA r ibaimiod f or mos bandini O
pigmento kiekiu Bandiniai buvo pagamti specialioseplie n i nf@rsose, mi ¢ tamkibatt vibraciniu
prietaisu. Po paros laikog f or mOetohoghbandiniai bubdZ y ni oj4dams | uDZk3 ni O pal
naudojamN polietileninxpA&veéleimper 8tkk ieldefordjtanési @ 8
nustdytas pagal LST EN 123902019 p at e i k t N Nusiaantobdtonénéthanines savybes naudota
uni ver sal i | enki (hpay). gni ugdymo magi na

1pav.Pri\).erstinio mai gy mo maigykléi’ir l enk

Vandens D4 eustatynon mnetodika pateiktal ST EN 13369:28 F priede bei LST
1413.10:1997Panaudota 1 r i z46wW403160 mnformosb a n d Bandin@i buvo laikom0 £ 5 °C

temperatiros vandenyje kol j O mas &. Roaorbansiniabuao k ot a |
i gi mami i woglbamané nsi,r npaswanrvemtii liuodgmoefF & °Ckr os n «
temper akirmjasst ovilbesl ma®adsmasidbapar ota dadgiau Kaip 0,2 opi u |
l gdgiovinti bandberi anpadihjipaw@pdémmsm DHeri amumas.
Tyrimo rezultatai ir jO aptari mas
Pagaminuss mu | ki alptordothi) § b n DZ n u s tOs miltetiGr daugikuakaip thsekartus
di desnio nei cement as di spersi gkumo, | (i goepeas u
rekal i ngos pl DEngpo ko kiu6| & n lakidjsapighentb Kigkiui.Ga mi nant mi gi
buvost engt asi pagaminti vienodo pl asnustaykasmo pmiagi nigi

skyrasi inedyikd 2i mm. D& npaiugdnog ntmo @ lg @gstlomgeksuatas s u m
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superplastik i u , kurio sNnaudos negymiai kito nuo% 0 (Kk
(mi giniui, kai% pcement o lnbhekis 5
Po 28 parO kietdhjuwotiil@iingoli bamidn &stan@| Hv enads s,
mat meny s ubjamastgnkisk(ZApay.).
2300 A

¥ 2250 A

2202 2203

Ezzoo - 2191 2180
52150 -

52100 .

¥

M 2050 -

2000
0 1

Pigmento kLeI{Ls %
2pav.Smul ki agri dgi o bet ono Qpigmentokiekipr i k1 aus omy t

2245 2240

Gauti tankio rezultatai rodo, kaBeOs pigment as s mu | betona tankio,dkdi ijoga 2 %,
beveik nekltemslplgmentole&namtbet ono tankis yra nie®%mi ai

tanki o sumagajimas gaut%dscemwant @pi pganeas o ki eki s sud
Po tankio nustatymo tie pe bandiniai panailoti lenkimo stipro bandymui3 pav.).
7_
6.44 645

=)
[=)) h
1

Lenkimo stipris N/mm?
bk
Lh Lh
1 1

..J:..
h
1

1T

P1gment0 kLeI{Ls %
3pav.Smuk i a g r Btehg lenimdstipris esant skirtingdfa,0s pigmento kiekiui

o~

FeO:pi gmentl @ nlBdi anloa st i priui yra panagi DZ DZ ak N t :
neikontrol i®@i Ot ibmmiddindideii BnkimvéssmEui pas gy madj o nhudojad? imi a i
3%pi gmento nuo cemento m5:;83\Ibm|2nustatytamesgnt%raudonoaoegmentet i pr
kiekiui.Lenki mo sti pri o gloimpeakankasa ggta Iriy gIDZ tsiu d@mka i mi @l isa
(korealiacips koeficientas 0,82 ksponentindygtimi (4dpav . ) , i g kurios gali ma s
pogilriu opti mapiel%. pi gmento ki eki s

7
6.8
6.6

=20.0479x2+ 0.159x + 6.2629
g-; - —— % RZ=0.6693
.6 . X
58 >
5.6
5.4
5.2

5 T T T T T 1
0 1 2 3 4 5 6

Pigmenty kiekis %

Lenkimo stipris N/mm?

4pav.Smuk i a g r Btohg gnkimotstipo p r i k | auoRe0ipigrbeato kiekd
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Po lenkimo bandymo likiso s pr i z@mp ®vpusephadaaudot candmui®pag)dy mo

Spav.Pri zmi O formos bandiniali po | enki mo
50
46

‘Z 45
g 41.8 408 412
7 40 38.9 39.1
£
@ 35
=
—%30
N
5
5 25

20

0 1 2 3 4 5

Pigmento kiekis %
6pav.Smul ki ag@t bd @i g n lipris gsant skidings FeiOs pigmentokiekiui
Di cupiasA6 N/mntb e t 0 n oymg stiprig Mustatytas esant% pigmentg jis yra 10% didesnis
nei kontrolini G braangBsN/styasba V% ma & e senkorgrolnio gautaskai
pigmento kiekis siekia ¥ocementama s a s .

Raudons spalvospigmentoDZ asstaulkiagi d g eot ono vandens RBZaudojara mu mu
likusiusbandinus( po tri s ki ekpailenos sudaties)

10
9 8.74

8.87 ‘
5.40 &5.48
| 8.14 | 8.32
1 2 3 4 5

Pigmento kiekis %

[#s]

B |

=)}

Vandens jgéris %

Lh

7pav.Smu |l ki agr 1vdayn doe rassumBEpeankistingamFe,0; pigmento kiekiui

] gi@mumo tyrimo rezultatai rodo, raudonos spalVesOs; pi gment as vandens Dfe

negymiai . 1,5 twoldi dieaini ba meiansikagiy mag ert ibsemigomentos e s a
kitais atvep i s DZ eyramanyuemarsi s nei k@Ont moleismin®@ Ra @8 %mi g me
ma g e.sTiekiksont rol i ni O, tiek su pigmentu pagamintO ba
todal galima prognozuot i, skepdkankank atapaa ma u gSaitel keD&i nbt e t¢

rodikiDZ pati dir ei kadnttO vgiasn@ n s u daddtii €dektywiaesias rpdlikarboksilines
plastifikuojanl i as DZdasanykisyv.a nTdaeinps bDifgte® i saummannisn thaesi
atsparuma gal | i ui
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Il gvado
1. Siekiant g a vizudiai pateatiklesniNp as/i migi naudoj s predaiida gant

pigmentai, kurietiekr e mi ant i s | i ttérekt Imicded iygwalagdono savybe
2. Gel egi esFeOkmmnedtos magi na ghet onoptmdéil gleg NI lant i
pasto vandens ir cementvic irspprm@uN O misg@nniy & DZk moss i st e

plastifi kuokuaQkli ieks ssDzdd id@ghsa,nt . pi gment o ki ek DZ

3. Il gtyrus smul ki agr 1 dDZO0b étFe®Nigmeto,u raibaame ap ajrka uodsc
betonosa vy b a ms nt a luisehdayt mideaab tankis gautas, kai pigmento naudojama 2 %, lenkimo
stiprisi kai pigmento naudojama-2 %; gni ugidkanio pitgmentso naudoj ama
vandes Dafp@nagjauts, kai pigmento naudojama 2 %.

4. Apibendrinus visus tirtus rodiklius nustatytead optimalus raudonos spalvos pigmenteCze
kiekis smul kiagr3vdgi ame betone yra 2
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INFLUENCE OF PIGMENT Fe 203 ON PROPERTIES OF FINE-GRAIN ED CONCRETE

Summary

Pigments are used in the pumtion of colored concretes. Itimportant to know how pigments and their different
amounts affect the properties of concrete mix and concrete. The study evaluated the influence.0% rgdrient on
the consistencof fine-grained concrete mix, bendjrand compressive strength of hardeneccoete, water absorption.
For this purpose, concrete samples with six compositions were prepared for the tests, in which the pigment content
varied fran 0 to 5% by weight of theemert. The tests were performed aoting to standard methodologies.

The resuks of the study showed that figgained concrete with the highest density, bending, compressive strength
and the lowest water absorption, in whick gigment makes up2% ofthe eement mass.

Key words: pigments;,concrete; absorption; strength
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VAGPI|I EMAGX VENKI| KNASBADOS MORFOSTRUKTT ROS POKYLI d

TENDENCIJOS
Petras Milius
Kauno technikos kolegija
Anotacija
Tvenkiniai sudaro dalinai ugdar as e k o sNorntpeognazsigti k ur i
ekosistemok o mponeky Oi bs svab®dl s yra magd tvenkini ®© monitori
atskir® tvenkinio ekosistem®O komponent® nustatymas, m
apskailiuoti past ar tOyiddiustpa loacressNi,s , DAvaylkisnt aa@ D& abt ismeakk n§
sukurti i gsami N ManKaskadosa viejn&s nsast &mN. juose vykstantys
Tokia informacija suteikia gal i my léencijas g rsypmadtiikaipt it kokea gr i n
ekosistemos komponent ai paki s pri kd@usomai kmi@ amir oa
ekosistemos blklei.
Rei kgminiavegkdgyaj:morfostruktira, negmenys, ugdumil
Jvadas

Glies hidrografinDZtinkl N sudaro DZairls vande
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EZerai Kurim marios Upiu vagos Tvenkiniai Kidros, karjerai
1pav.Lietuvo$pa\niginiC) vandehs® tel kiniO plotai
Ga |l tsudanyta autoriaus

Upi O, eger O ir tvenki nivékirkapkduarsit® ep lyortaa sDZyerga sdirc
(Lietuvos..., 2008)Di desni O k& ogi G&ODOnihG Kk & ivenkinla@0pav.).Ragal upi G
egerO ir tvenkini O kadastro objektO 201836193%vasar
ha Lietuvos teritorijos ploto
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2pav.Li et uvos tvendagan OOFygdupavi mas
Galtinis: sudaryta autoriaus

20



PPrmos ir antros gr wiekiafuo 25vike 108 itnnn i©daygiay cnpatsankosi r i s

aukgtis svyruohja Tmaloa@2di 8gi adBsi NskddllDZaiug ilsenadr
vidutinjpaggldgsloagi keawk gt PF ftwgrelpidass tivdeanukg enliiao ,a tk
nevirgiij*%110emkel @) .
1 lentel a
Tvenkini O pagalskbhemsdryhats] mpatvahkasomakgl|io
Grupa Pilnas Patvankos Vandens Baseino plotas, Lyginamasis SNI ygi
min m? aukgti| pavirg km? baseinas | vandens kaita
plotas, km
| >100 24-48 9-70 90-200 3,8718,1 0,06:0,2
Il 25100 22-34 7-40 200500 9,1-37,6 0,617
1l 10-25 10-17 2-30 40-2000 13,8364,3 0,4-27,9
[\ 1-10 2-15 0,35 2-5000 2,36597,6 0,2-476,6
Galtinis: sudaryta autoriaus
Ma guenkiniaii t a i mel i oracinas paskirties geotseshni n:
buvoaprl pinti dr aki niiymod sdiasltieensa sg veekjr ietiag@astoruaju metur
panaudojamenergetikail Ur banavi | i eBidd §irojkiend 2m0ild)ir j O hidro
apleisti arba ti nhkasimmlakasnsiekar3d ¢ 01 miemid. i T O dtaairgi au,

sendaji moelais| kit @i @i a g@Ramdi mivar.i, 0201i%X)i myba
Skirtingpsge omor f ol @giimi @ Or aijpoa dgbageahnhiOnds zs NAggos,

eroduotumagVerstraeten, Poese002) di r vN sudaranl|li O uolienO mechar
ypatumai, krituliO regimas, ¢gemls Igausveiklasusijuinsen O s
gemi O naudojimu sudaro podsenpgli ateéea® palsiygaisgkaikmuy
kietojo nuot aki o ¢ dtyedkidiis (Kpagatetedn X0as5nRoddzt, PZINnBadimentacinio

bal anso skaistiadayitmai kad alochti®@®i 4 asium endg me nnyesg me
patenkah i 0 DZ ma ¢ ursgra pagridiniaii sedimergacinio proceso produk@iu g ni ni ai negr

sudaro 4 9 %, o autochtoniniai ginkamai 1,6i 23, 3 % susi skai dant makrofi't
fitoplanktonui. Vi dut i ni ai daugi amoddlig éantykis gadpu vidbtihi@ga gnioa me | i o
dugnini O nuosdadO kiekio ir tven384tkinfoper maets.dMag® pl «
tvenkini O ugdumbl &j i méopii mtmé ms yov prnd g( d&iitl di kuiisay ipMesirr c2u,d
Gaags k 1983) &

MagO tvenkasi @O umgtgd | hmo aukgtutinds dalies 1|in
bendrij oms s u charakteringu juostuotumu, akvator
intensyviu dugbggalgmmanbu&mNi mu. pobi dDZ aukgtesni(
sudatbDZ igsivystymN ir paptleiltkiinmoi omadsatlN (n unl eevmiiean oadt
ir T kin&s veikl os ant(rMapkorgoefniitnQ Saknmier tlPRabngd@y) alffi teedt DA oask

rajon®@veakdni O uggédli mas sieki.Menuoad38amndens8B0a Wy
produkcija sudaro iki178 t per metus.

Tvenkini ai pageidgia upi O ekosistemos natlral
DZ éOn vti enos (Pamabal@DBe 201F)soMNioen&ti igakrtfiorvmasca pjuls
kaskamadgdv@&nki nDBebi khant il,phttanmnkisnipbigiakimplse k s
tyrimai.

Darbo tikslas.

Il gai gki nt iKaumorrajomoy & §
formavi mosi gamtingeo
nustatytipagr i ndi nes nuosa
vystymNsi sgNbllyignoo abnelii

TyrimO objektas.

vagpimawiGo t venki npia® tkaotnyptlaesk skkasuno r ajono Norei ki
upelio, kuris yra kairgis Nemuno intakagauno..., 2019)Upelio ilgis 4,6 kn, o baseino plotas 8,2 Kr(8
pav.).

piupdidnba g O tvenki nmod floemp lukk d
gNh# Dabub evielrthiznntgiu mssesd i ment a
dO kaupimosivyjendarsdijjuass Opiir
Qu gudgu mb 1 4j i mo procesO maguose
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Gal tliindtsuvos respublikos upi O, eger O ir t\
~ Vagpiuegwild s ¢geagjaapayasadoiod ai dgi o metuw t Ak siekid1B0Da n tsi s
t 1 k¥(tvindutinis nuot%kiMaktslirmad u%7 5 atnldlesnts. ki eki s, Kk
vVisO trijO tvenkini O retgl2i dwinmhel@gdl i mybes, yra 2
A A 2 lentela
Vagpiuepwild o ma ¢g Oskadesenorfometrinidrodikbai bei
pagrindinas hidrologinas charakteristikos
[Tvenkinio [Tvenkinio  |Atstumas [Tvenkinio |Baseino |Vidutinis |Bendras Naudin [Pr i t ek Pritek
ei |l as DZengipnuo ¢ilplotas plotas gylis t1lrisgas i g auk ¢masnuo
metai km km? km? m 10°md3 10°m3 esanl|ickai-|i
tvenkinio jamo
10°m3 baseino
108 m3
1 1973 3,3 0,020 4,6 1,8 36
2 1987 2,7 0,038 5,2 9 200 56 922,0 144,0
3 1973 2,3 0,038 5,5 15 250 130 1015,0 61,0
4 1970 2,0 0,029 6,3 10 235 100 10200 164,0

Pagrindinis vV agpievio
Augi namO dar §o v ildstymujvdnauoia ma m agatvintojaitvenkinio, ot r e | ifi aatmgiss
papildo ketvirtojot venki ni o
k e t vhienkinius atitinkamai siekia 1(015 1076ir1 1 8 4
0,03, 0,0%ir 0,0410 nd/s.

Ga | tsudaryta autoriaus

upelio

. Viachwteinrsi

TyrimO metodi ka.
Dugnini O nuosado
bei centrinase
metaliniu cilindru (vidinis skersmuaodgmm)
nesuardytos struktiro

ir 500 mm L
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pagal formuleg Mi
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aukglio
s |
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i@k dugniaot iasvtiom® od u o me n i
Sdrfrmugdumbl aji mbombodell DA
Mar cul d98Bjena,

atl i

e k ami

st | m®F i

ni s

ma gafdensnaveloiojas yra (MABAgrodarp | e k s

p ralnltteﬂk\lfaueu! No v

t 3] okviglutiniai debitai atitinkamagsudaro

dumbl

o s

sl uoksni oprofiiavimo medodua it @ w ¢ tmaa n biur
sudakiomi Osdergsai bBuveoerofil.iriati i r ¢
uoksnio

st

o s pavy z(ifus,u Swdis, u Dabatds@006) 1 r i o
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| i a-nW alsOd tnr-ivis dut i n& nuos & ¢ Oenkinioreksmoataviane laikas, thetain\W
-vidutinis metinis piRitveakin® basginoplotag, Kmdens tTri s, m

Rezultatai.

TiriamO magO t pagrindeakmmiuliDojadi ualbantorynai B e § yse kurie sudardki
90% suminio nef@aiendDv &uveknhboOt dralsied 1 g e mafemuejantyz i j 0 s
ki et NjDZ kupnt @kRzartu spa tpeandiZa gt @bBeitgntienksitiodek susidaro
autochb ni ni ai negmenys susiskaidant i r pl voaivanaénp akr ar
augalijos biomaseiOr gani ni O med g eélis iy Svyruoja &,84%s ribasee ddipdgrindiniai
sedimentacinio proceso produktaiffmuoj antys i dé&f a m®4a jma §u@yorplote dakje ni O

antriniusmineraliniusgruntus,sudarytus ¢ &tm@ |l bei pr i e ma | Nustaty@, kai il ckuot idnuam
negmenO tsiekiad o= m@0s3200/63. Dugnifh ms u o emdcharatering as s mul ki agr 1 d
(smulkios 0.250,05mmnuos dadO dal el &8s sudaro iki 70 %) .

Pirmasis kaskados tvenkiny¢3 pav) at | i ek a sasdintuv¥agymii emiem D4 p
tranzitini® negmend prat eSkkaejrlohll\htlst t dytpdl memiskinsio u sn ett
tverki ni o il gi o i Esantgekllamio neilgamgpatiehkeain ujefuividutinis gylis 1,8 m, o
tvenkinio ilgis tik 04 k m) , nuosados daugveokiani akaomotirunppei
dalyje, duburio viduryje. Di gi ausi asi aor s$ U o kwursiiGkeksplpatasijos metus, 4

atitinkamai siekia 0,751, m. Vi duti ni s nuosadO sl74mksmi oj ostairda
intensyvumas siekia@cm per metus.

Ig t e lo&anhn tir tolnesniusV & g p iupelbikaskados tvenkinidde t oj o nuot dki o dy
priklauso nuopirmojo tvenkinio hidrologino r e @i mvandens takmas prieugtva
transport awiipna@doptoj a¢amkados magevaset t DEeakjgthéimo s g a
sifonineivandens ertekliaus pralaidoms gt e knaenylmie® @kebdap avi r gi ni o nuskai d

sluoksnio drumstumas, o] esminis”nuotéikijs ig.aukgl
T o d &rhiaugirmojo tvenkinioe s a rkaska®s t venlkinsi @ r wawt4d g/mN r( 9n7u o s a d (
S| uok s tikiiog sdtad ri BEZsr afnrimuonjiaai negmenys.

Pagrindinis gruntsou dmdwilr Qinukiauetkn so fpdnkiiDg & @0 o i
baseiv Mmeaiipl asn@h®buri o viglgaiatn@ elnmautiGOuasi tlaiil |DAZCai r i o s

tvenkini O krantO ruoguos eir stdumu Tirdesn$s mangei véverkimiantsa Kk o r
bidingas pastovus vandens | ygio eleglmlﬁlsyglntm@usalsd
5 kartai per metysTvenki ni O dk n apnatisgykvalis, bt dy ngai emsi st ov 4|
pusiausvyraNorsj i e st hdphasmgd gi ai s ir krimais todal néra

Kaskadosant r as itve n ktirneil a(2alentel),l T ® povandeninTadalgl a
tvenkiniuosen ar a pbhal vegsl i usi dugni naanlisikeindiindpais wban
pakrant &s sigrnoofsiet & t bechigalijoisspkai. o f i t O

Ne g me n O nixipd proveas vykstadiferencijuotai atskirose kaskados tverki® akvat or i

<

dal yse. Negmeni ms charakteringas nedi del i s rupur
ugtvankos, nes esant tr ampjq ems o jpkanirto ¢ 0 k ttivelgmsk | bj ©
atitinkamai siekia 04 0,34 ir0O4km)re i g s |slsrﬂmgorh||drad|nam|n|o aktyvumatsklrl hidrografiniai

rajonalNegllrlnt Dz t ai , kad ¢gymiai sumagaj a DDEF&mdmrao
negmenO fg&hkai §asginawmelm®dgg miunds emuos adoasi dabario gi a u ¢
viduryje, kur j O sl uoks n B26 akdpldtacijos mesus, siekBo1,68mi s , S

Vidutinis nuosadO sl uo k48092, o§ too rdiisd 84 ti imoisiekiendbneani s ysvi
2,0cm per metus.

Morfometriniai ir hidrodinaminiaig i a § O tvenkini O savitumai , ugt
sNveikoje Vagrslpeevcllrdlldupoellmga niu regimu apsprendgi e
vandensaugal ai s, b ¢ d u nvbal nadj ei nmsNa ¥ o lng ® B sNusiatpt read stabilios
sedi mentacijos ir uggalimo vandens augal ais proce
hidrologini® zonO mMmBorlfenwmileh@san| i dal ypwak glunkios i j
peei namoj oj e (vidurinaje) ir egero (egero pavi da
st ambi asgmall ddtoi bei priemolinio pilko dumbl o, dumb
tvenkin O @&dggnaisnt a nupbasudgtiues | i nkandegst w@alk© sb é oa miujo
charakteringu juostuotumu, akvatorijos dinaminio
ugdumblIGijei mu.ocesai ypal | ayi@HKoripkekso tpeakinyje. ei gki a pi r ma
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Pagal tirtO magO tvenkiniO ekosistemos kompon
nuosekl O pasikei('pmNtsblhygkianp@hd)'e'pifﬁmo)navimo, gr
susi dar y mo, baigsdkuensbnliao iungodeavl oil mpuscpianddc s ®a) r ai da.

i 3 lentel a
Tvenkini O akvatorijos hidrografinio rajoa
uggalimo vandens augalais schema (m
Up]‘_‘ﬂE. PEI‘E:I-.ﬂamnji E\EEI’D Hid.t’Dngiﬂé.E
Z010s
AukEtuting (kintandi frank Viduring Prieuftvankitié Morfologinés
: ¢ (kintantios pa °s) {tarpiné) (efero pavidalo) dalys
e ww WG —
Vientiso uzélimo u"zgg;';lfo Fragmentinio uzzélimo iﬁgﬁ:itmai
5 . - - Svendm - . - Juostuotumao
Svendm - Gigrofitn Hidrogigrofitu lizniu - pladsiy Svendn - plidan tipas
Virsvandeniai - Virivandeniai-  |Virfvandeniai- | VirSvandeniai- §vendrai; panire  |Geobotanines
Evendrai nendrés; tiendrés, Svendrail fvendrai; po vandeniu - Potamogetn juostos
panire po vandenin-  |[pliduruojantys - |pliduriusjantys - | rigys
Myriophylium sp., Polyzonuma.; Nuphae Iutea;
pliduriuejantys - panirg po parire po
Nuphae lutea Lemna  |vandeniu - vandeniu -
rifys Myriophyllum sp. | Myriophyllum sp.
- Hidrodinaminés
__'_"“_—-——-——--_'_-_____—-—________' ——————————————————————————————— ZOnos
. I:I Pasyvioji
P_,-———-———“ . Pusian
e T . gl o
=SLLLLL LSS LA pasyvioji
‘f WA Altyvioji
Priemolio ksmél_sl;tn pilko dumblo, bhoto smélio| Smélia DD:I‘]’_Iit}LI_Dj antys
dumbluoto smélia antririai gnintai

Galtinis:sudaryta autoriaus

MagO tvenkini O evol igalimdi rnyisiketurias gamyiamso s9 t gpdiojcaess,e Kk |
tvenkini O morfometriniai ypatumai nulemia vidiniO
Tvenkiniol0-15 met Okirukmés st alWlifjiog euyrye @qiulmn@a pmoces a
abrazinio kant O perforanaVviampsniVyijkssisgtk reassntn® mlaisn i r negme

DZ ankose, formuoj asi i T vystosi atabradas. uggal
procesast . vy . erdvinis vandensoawgalgiujt o slaip®i bkl pas.ra
pasiodoi r Vvystosi DX airiarl gads vandens augalijos | ud
(difuzinio) bei.fragmentinio uggali mo
41 ent el a
Tvenk i ni O vystymosi stadijos
Gamtina t Tvenk ni o vidini O ir pakrantéas pr
evoliucjos stadija | Kr ant O i Duburio Vandens augalijog Hidrobiologinio proceso
(metai) formavimas ugdumbl & formavimas vystymasis
Kl ri mosi KI ri mas Ugnegi m Pradinis Reorganizavimas ir
(10-15) formavimas stabilaus hidrobiologinio
(teritorinis regi mo kir
pasiskirstymas)
Vandens telkinio Stabilizacija Ugdumbl a St abi |l i |Sant yidrobiolaginio
galutinio formavimo proceso stabilizacija
(15-25)
Egero pay
(25-50)
Tvenkinio nykimo arba Nykimas Lai ps ni | Distrdfikacija (distrofinis
pelkinio masyvo (>50) nykimas vandens telkinys)
Galtinis: sudaryta autoriaus
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Antras ir t teleinks nkais k pdgsa!| galutthobhpegiend phki d

formavimosi $adijoge. Duburio performai mo pr oces ai pamagu wuggninsta ir
augalijos vystymesi igsiskiriadphstbuiugdbhklﬁbim
dumbling)® npob&adddotdkiu tbanspogaobpihMm@snejgipd A0k a
taip pat ir likusiose tvenkinio duburio dalyée4 | ent el a) .

Tolimesniamevi r g 50vemekitni O vyst yaspirsojo tyemkimicla 5 p s rgiad k ar
nykimas. i tvenkinio vi rt i mas pel kinau mgsgvkgtsaa nuosghdsk i vag

pasireéeidgkiiam®d vidini O procesO, t.y. tol i mesnio
nuosekl aus uguadliinjoa.p eGikdjnee sat adi j oj e gymiai padi
akumuliaciniaip r oces ai s ulsitmaop rp rncacne s Qi §djaak a .

Tokiu bldu, magd tvenkini O, kaip akvaliniO 1.
antropogeni nied tliamadsg apfat gt tyerdsaysike n8lr o upavi dal & vand
pelkinismasyva su i gsivgas|iusia upas va

l gvados

1. Alochtoniniai negmenys sudaro i ki QW %gpiumiviNnDOC
upelio tvenki ni nsvumadgudam@b,8%pjiirmd niimt @i |l no tlrio pe
et i ni ai mangoduliairsickia, 30,6 t/km? per metus.

2. St abilios sedimentacijos procesas vyksta dif
dalyse. Susidaro smal ato bei priemolinio pilko d

siekia048-092m,o0j o di dtan;syvuma:s sudanl5-2,0cm permetus.

3. Vagpievio magO tvenkini @okk;salmﬂdlayi@sj ankorpafrm)td;(nmu
perfor mavi mo, gruntini O kompleksO susidarymo, ug
raida.Gal i ma | gsgammnESlstadqaestker ametu tvenkini O morfomet
vidini O procesO vystymelssi nkertpr)t DZgiarl ugtrR2ebii toRZf 6K Inraieni
pavidalo(255 0 mé tvédkinjonykimo¢ i 5@ met O
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CHANGESI N THE MORPHOSTRUCTURE OF THE SMALL POND CASCA]I

Summary
Ponds form partially closed ecosystems whose pollution causegdamgchanges. In order to predict changes of
the ecosystem components, small ponasnitoring data is essentidldentfication of connections and processes
between the individual component$ pond ecosystems and evaluation of the movement of material flows in the
ecosystem, allows to calculate the balance of the latter and enabtse$s aternal processes takplece inside the
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pond. This provides an opportunity to create a comprelenmformation system. Small cascade ponds and the

processes happening in them have been studied in little detail. Such information gives amivpporighlight the

main temencyin the development of ponds and understand how and which componémésexfosystem will change

depending on the nature of the anthropogenic impact and how this will affect the overall state of the ecosystem.
Key words: pond, morphostructure, sedints,siltation, overgrowth
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Tyrimo tikslas

Jvertinti polderi O hidrotechnikosn®sthikhid pas
pagai da i gmatuoti def ormacij as. Rekomenduoti pri
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def ormad®ief®niniuose statinio el ementkD25pcmdiydgi oos

plygiai, gel §b e irosmpsaupifs betdne siueksst On watrrmapdj Ais, mat osi
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4. Po ¢geméds reformos Gilutas rajone, galutinai
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Summary

About 30% of the agricultural | and ar eaderad protect themt & di
from tides 25 statewned pol@rs were built until 1980: 12 winter type polders (from which water is removegeal
round) and 13 summer type polders (from which water is removed throughout plant vegetation, during spring or autumn
floods). Later on, only the improvement of the @rigtpolder systems was carried out. Due to insufficient maintenance
of the polderswhile using and maintaining thenstructural maintenance requirements are not implemented, various
violations of operatig norms occur. This leads to certain problems sagcdamage to hydraulic constructions of the
polders, deformation repair or recanstion difficulties. In order to assess the impact of environmental factors on
polders technical condition, safety, réliity and durability, practical, comprehensive asalentifically based studies
on the technical condition of polders hydraulic candions are needed. The article analyses results of a technical

condition evaluation study of two summer and three wintgrpe pol der s hydr aul irat. Dieonst r t

to the significant defects and damages observed, the technical conditiepolders varies from satisfactory to very
poor.
Key words: winter polder, summer polder, embankment, pumgtagjn, defects, damages
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PASTAT® ATI TVARD® GAIlI SRI NAS SAUGOS PREVENCI NAS F
St JUNGOJE

Jol ant a GlaoktaMédeliemd&®a muBé&r auski end
! Kauno technologijos universitetgdkauno techniks kolegija ® Vilniaus Gedimino technikos universitetas

Anotacija

Praktkard o, kad viena dagniausi ai p a¥patihgait & & n lsipssiafy i1 & s mi
i gorine tinkuoj ama s u dkaitgiumosizoliaeiniorslooksninsl u giécyianaf s o s t.emadul
Straipsnio tikslag i apalizuoti pastato atitvad gaisro saugumoreikalavinus DZ ai r i o s e Fidentifkpatis ¢ a |
tinkamas gaisro prevencijos priemonenovudiems pastatamsStraipsnyje pateikiaos rekomendacijogaisrirés
saigosreikalavimamd.ietuvoje.

Rei kgmi ni:gai g§pidgéasaujgnmasistef@aenavacia t i nkuo

jvadas A .
Saugumas yra vienas pagrindiemiaG Bulradpdasu eyl van g
atsitikimO, msOi csiimii @e ingegdigdd i Or gypednske kldmawsupmet&ls

socialinio ekonomi nPraktikagode, kad viemo draejsna gl mMs mip@syt a i
gaisro atvejai Statistiniai duomenysteigia, lkad apie 4% % gai P Pkst a gy Vv emuasmuosi U
(Brushlinsky 2018: 23) Tod a bo meinssiegwsmo ugti krini mui gyvenamuo
taikomos gaisro prevencgo pr i emonas.

Gai problemais pr A st i E Smetp &wsia @ategimes ir veiksmo programasuriose
suformuotosdzbogeras nagrinédja gaiegko hidé&j magpast atjuose |
tei kia pasi | | yMaskaitosedyi rdied u ssy bdaamm;g:lslylsnzcx)st{ i ranceadmdai s|wsy o ms

kuri O sudatyje yr arenrmsapjtt[mlsaqotrlosdudxrtlﬁ)a (pPS, sekstrld
std gi os poliuretanouvipasost Or k KBeiel 201@ B-hlh\Med 20140

2-8).Li t ercgall tkeapslii adigi ausi N gr asmni n eilas pastatumslentifikjoja ma m g
polimeriniO ( pl gpauda s § mNO) nanretd g p ag Oatiulst,i nkaanio sp a
tinkuoj ama sudatstemalTST® surearioizobakinegolimermeem esdi ¢pi(Tég) arba

pastato sienos yra ur e n k aanwgi a sgl i du o k s TPM Qiduje (Sovkirgdjain 2011: s120-130

Smolka 2015 4559, Deamsa2011 436-444; Nishio, 2013 12).

Nepaisantto, kad TPSsudatyj e esantis anti pir entassl, huaui e k
sudegimoneapsago (Antonatus,2013 65, G u k, 2091a: 56-61; Kolbrecki, 2015 35). Svarbus faktorius,
darantis tiesioginin DZIakN ¢gmoni O s auigatliekosi Gglasr o
2001b: 17). Statistiniaiduomenys rodo, kad tik 1% g mo n iv@nudtisioginio gaisro, kiti82 % i nuo
di mO, «kuri O osiundért |yr1a|agCDymemdggp|TPM Idegimo prcn:daseDDmu ose esanl]
nuodingos dujosaip patkeliaties o gi nfng o delsa ji d@eliu atstumu nuo gaisp i d igyvybei

ir sveikatai Tdif ¢Bunki na .Deglawna gisj ibkosgpd ii is gngredielakuacijos
mety taip pat skatina wugnies i ¢ pslnutdlusinsNuoBEiskyii tdu sni au |
(Steg 2010 498506).

Gis klausimas tapo ypal ganotgualsi b atuguenaBBny g @l w4
prioDagem®. ES val snaugloli p s ypvrlaodsalj 00S  gstanas r iknuarsi ossau gnoes
gi | umos slupksriai tarpd e gTPMme d § i Ladgalr asrasug@isrovimui (Giletich, 2013 7-

10; Mikkola, 2013 34; Yan, 2013 12; Xin, 2013 4). Analizuojantgaisro atvejus Lietuvojeustatyta, kad

kl ausi nmjaisl udalk imedlgii @adms a §rmedigsna eds ni @ ar natlra
panaudgimo n a rakcentuojamasT o d & | gi o idagnrabloi ztuiok § 1 apsare tsaugumo at it
rei kal aviemuBu r D¥paoidentifiassti tinlkamas gaisreaugogpriemonesnaujai statomiems ir
renovuotiems pastatams.

Gaisri n $asgosproblemos pastatOrenovacijoje

Renovugant pastatls gaisri n asaugos problemos yra y p adktualos. Lietuvos statistikos
departamento duomenimiguo 2013 m. yra atnaujinti 2088l augi afuleit aivos Tkio
finansavimo po 2020 nvettinimas: Energijoefeklyvumas irb T srénovacija 2019: §. Praktika rodo, kad
namO bendrij os umedli m@iodpiadstii enka@lTSTS su TPM  (polisterinenis

putplastis(EPS) termoizoliacim me d ¢Ni Dadmpantg i | u mi nivi snus e iplaait adluosat i t v
izoliacinios | uok s ni oatisd opsalgigwdi ss@ap at \)oyled;anUpaEma ®adjaenovacij N
tik tenkinti energtinius ES reikalamu s bet ir atsigvelggti DZSpamidi os

di dajant.i renovacijos dinarkiiknD Itii eityjenwdjiie ,atdi di na
34



FaippatGltinant pastatis ITSTS sistemasu TPM ¢ untos izoliacinened)ji aga ne#s palsgus y
renovaijospr ocesas . Gaa sdikotblefialddiesmm@ syi kt eqal ot ne.DZminmga as i
tik apklijuotosTPM p | o k g t demgtogrmuojamuoju tinkleli bei tinko sluoksniu. Tokios sistemos
DZengi mas iassavaitasn k a kel

ES valstybi O reikabavimes taylgaisro isddgos pri emonioGTSfanaud.
sistemose

Su s i d o ngaigroi saugoklausimu kilo ne tik Vokiégt j oj e, bet i nuosk i g mogau g
saugumas yra vVvi enas20ll g.gedgaur gnfiu mB u rpor pi odSuropkse ais@ssiosj a i r
PrekybosAsocacija (ELPA), nor aga rlnsasggmcstandartlzawm gairesi r i ganali zuoti

sagumost andar t ©u raguagdin K N/,M87 Euopos standartizacijos organizacijoms: CEN,
CENELEC ir ETSI, kuos p r i &améarta CEN / TS 1685@015 apimatDZ i sas Vi suomen s
saugumo problemas. Vians i g ka eesnsm@ oy H pdiolw & ish & br asngdr udos| m ansa
apsauga (CBRBE).Chemi ni O medgi agO, TPMg s ipokieri ika rs| i Oywadyeagiasn
prilyginamas kaippavojings ir vertinames kaip vienai ¢ gr dsmi O. Tuo pagrindu

p ar e mrptaukcikes pemones,kurias taikantfasadaisu ITSTS sistenair TPM gi | umos i zol i
sluoksniub T t O a tgaispua(Kumnm, 2013 356-367, Lambertg 2013 245256, Stromgre, 2013 45

58, Yoo, 2013 124135). 1 pavékslep at ei kt a sl igz"m m & |pkaramespatdita, kuri @S g a 1O
nacionalinéi p a s tgaistids s aeikkajavimail ei dgi a a-+ DZé T & sisirgais kairios
reaguojaDZ-s3, dodegumokla safbarenovudtigy v e n a mNj DZ d a(ulgd aawkgtt @7 /n>a )6
bepapildonOugniai as p aaleménOart e st gpvzi mOpri eggai srinds ugtvaros
didelio masto bandymai ir kt.).

1pav.Eur op os GnacioraliQuose kiakumientuose yra numiaty a s sl TSTS sistemomis
p r iassrigi reikalavimai glapin a
Galtinis: ®Gudaryta autori

Naci onalrimiitvmni O dokument O apgvalESsusie¢éaunl mat
gumosi zol i aciamiP@naedgj i mo p a glaJTS sibtengosemo E ukrloapsois S Nj |
nustatyta bendra statybos tngi agO degumo v,eretti nk ano kmert iodijsjek a g a |
Jungtinédje Kaojaeystthjadi Givegldai gal Pay wnz diguvaeia,ci on a
daugely e kit ® ES val st ykli @s enie diji satgatsa ttdie ryin grnio@n. k aT ul oa b
Vokiet j oj e, Juagybshdje, K&vedij oj e asnspdcipliuase fligeheogey ma s
sukalus " gai sto Nddelyd. iPdkiusomai ngpasbiak o mo bandymo met odo
gai srinds s &ygosd erpelinkamsiniai (TPMp gami ni ai gali atitikt
saugos standartus ir klasifikacijas Pavyzdgi ui , gi uo pmety Rgit Ok Euirop
gi | uineoosl i ac i paadojgvamliki2 brhitaukgli o dawagiOad wkogliiose Op as i e
Kitur, pvz., Vokietijoje, dagigl aamomd g laici os£lEM)pngdtga ta
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viso dr statybgaPa)dnlbcuoSertlflkawmo Centro patetkje ataskaitoje (SBC ataskaita, 2001:-3

45) minima, kad nustatant statinio gamru mN t ur 4t O bl t i vertinamos ne
sistema pagal degumo | aN pElzﬂeﬁKI tkiraiseat i tkiuk ti ia sDZpaigra
Pagal madkiagd dietyembandyinke@gal i ma s pIETSsistamosalpg e n N
gaisro metu.

Dar vienas veiksnysiaginantisg ai sr o ymRgu g e mMN&j antys endavigaiini o ef
tuo rgqlmu @ i didajantyga ngllsriartmpassatofasal Ol i Hd(0I$5t0|(Blg)§é
Suomijosgaissn as augos ek s per t(ikkaa; 2015k398)p a t g d & MGi&2810 m.1 9
i gor i ngiO uzdlienidsluolsnioi gol i stir emi RERPSput pl pollii ur et an
gaisroapkr ova gvienetugdMI/mp) | @ta di d%.|Two tafpGetfvarosesugi | umos i zol i
sluoksnu mign e r watosf mBgaiOsr o apkr oviodf%adi daj i mas

Dar di desni s gai sro apkrovos padi daji mas SuSsSi
pl ok gltio@jOO kso resstoy @k ¢ uijvlmajos politireniniopa pl as| i o (EPS) ir
(PIR) sluoksniog ai sr o apkr ova uigMlind #9767 pOLlGnt. o pvaidd ¥ieitio mrpu3 5
stogp konstrikcijoje sug i | uzoliachiu sluo k s nmiun d rgadtosgrisospkroras i €%.a

Pasyiosgaisri n sasgosprevencijos priemorss naujai statomiemsir renovuotiems pastatams

Gaisrin a saugos prevencijosklausimas ITSTS sistemosdap o svar bus tkutuese ES ¢
¢ mgaus saugumas yraevin a s niugmod aprr. Amalizuojant no@atyvmlus dokumentis, e k an't
sprendipm®i €anpi gai srinhn srlmusgmbparavgsoﬂd(cbmrstt sgiskeimasinian i u
kuriosvadi namos pasyvVvi osi o miis |Cg§stenf)prlncrpassmt@raanngedews Si st e
gi Inudnsi i z sluoksrusD¥ ¢ ggsi @ u mo MiOslupksriop aci r gi(Aapaw. pl ot N

2 pav. Pastataaure, GlainiO krdrajonesu ITSTSs i st e ma , k u pasywipsgaisinar saug@f e n gt
pri emona
Gaitistsuday t a autori O

Sekiant ugkirsti k e lpioNs uvgindiaauis pDZrlsTi SrileS td i sitge npoas
langus ir duir s , bTtinakriaglliiwsotsu amedeegd gai atgear n{oniznoel ri aalcii n
stiklo vata) Vadovajjartismo k s It iym ife@i@tais r ekomenduoj amai P2enggt v ai
virg angask@loOopmat nsti poo 3809 mkr DHYgoOuU s

Antr as bildas, kai t@hioed goir dj eys ugnmaepapljiti mas
d uoksniu aulklgd gt ufmas awpkiant tgaasm & ssaugosZueonsgt a s i g n e
termoi zoliaci nGlmsmegjagllsﬂgdmmcg;gvisw pastats perimetru, instaljant
horizontalias nedegi O fnadgd&lg@dggagmhﬂﬂmngasdpg| 1
priemora yra svarbi aukgri e mian fpa s dOmg ajinsa s tub nsghastatd i u s
aukgl i o iaciniotsleoksmmstoroo | i

RekomendacijosLietuvos gaisrina s s a ungniasis reikalavimas A A
P aggms tarpauind s patirties per ami mas plaingd laindar t ©r ma
energeti kos iarplw mskmogmesnaausg ubretuvoje, doéirn wlsoskENroposekonteksﬂe Li

T o d &ddovaujantis literafi ros andize si 1 1 o mati lgetupoje | gaigjanl i uai sg i nés s a
pagrindinius reikavimustokiais papildomais reikalavimais

T Per v i s Nekosstravitnd, madeizavimo (atnaujinimo) arba kapt al i ni o r emont o
tur i bl tieugemks nna mireikaavima kurie bua@nurydytStatinio projeke. Jeigu
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kuriuvonors maisat i ni o gai srs$ masgakimatgas i 1 iy gk a mGaisp kilime mo ni (
rizikaima §g ibretii i nf or muoti suintenkbustpavapmenis apie

f Vieno aukggloursituacsieni gaanbgi &l t k a in meikaling@ nunyatgto n i O
atsmrumo ugniareikalavirusir stogui (Juometuto k i O r ei k aGaa vsirnoO antdreg)u kyl a
likusiems asmenimis e i gai srN gesi mant ise ng o stgidEyidaey & S imaomp a

f Da&ldT mi ngunmhc kuliss kelia pagmp®i O igyvyheki na gel baj
statybos procktokl ats @r i B-42iTtoidkbinst rukci j oms DZ ennmadd ileed2m oB ar
degumo klasas statybos produkt ai

§  Statinio laika 1 OO k o n sattrsupkacriujnta s u gas trimiss usdl@atlllnlgwcn]oamy

elemento, konstrukcj o s ir sttiantgensimi.o Sluydgai o skailiavimO r
sudati ngumo | v g ity atshasums tugniaik reikajav@mns t ur @ikrinti fvisams u
konstrukcijoms bei elementams

T 1 ir I atsparumo ugni ai | ai pstnii mk woajsanmaiO 9 w
ternoizoliacinei sistemai(toliaut ITSTS)ar ba i gor i nei vadi namdaui IVTSEY moi z «

Ddgt i dr audgi ama na'l'ule,deeigugneomelelnaésséskasimmaspﬁyum@mniaqbrodu
| ai psni oa upkaisnaast @wDiordHlmamés magl ni mas grindgi amas
pavojingus gaisnoi vem(ﬂglﬁ)gaggmsrmapn@tbgaktato palengwin ugni ages
atiekamusgdd &) i mo i r gesi ni mo rvoeigkas nu sp aisrt asswma gi nt i ga
T 1 ir I atsparumo ugni aiSTBaiap i ol Vpraés tsait skt el
naudoj amé ¢etragmmkt Ol dehkamas pagal galu lkadliOi Apagtino (auk
T 1 abai aukgtiems staitineame mesnh,sdook ad egnuanfod ok
statybos produktai;
f akgtiems statiniams turi 5»d200deguraklesi®$ ami angb
produktai;
9 kitiems statiniamg u r i b1t naudoj aBR2, e degemnak| &
produktai

ne zemesneés kaip A2-sl, d0 degumo klasés statybos produktai

ne zemesnés kaip A2-s2, d0 degumo klasés statybos produktai

ne zemesnés kaip B-s2, d0 degumo klasés statybos produktai — | g By ad| | %3
Tag ma® ,
-‘.-_“-_-

3pav.Pastat O |l auko sienO I TSTS arba |IVTS sistemoms
pagalauf i a u s i grindaQu kaglitoi t u

Galtinis: sudaryta autori O

T lirllatsparumo ugni ai | a ilT®ESraiba IVTB sistamarhs@uddjaatu k 0 <

gemesnassX,ai 0 A@egumo Hluksds, stait kbasDpeogti pap

juost as iegs rkagsA2gse2m d O degumo Kkl adpavy st atybos produk:

§  pirmoji (cokolio) juosta prdedama montuotinuoko | i o Vi rgamuis bl ti ne
900mMm aukgl i o;

1 sekanti (pirmp o aukgt o) juost a, ne siiaenosrdalgentd k ai g

pirmojo ir antrojo aukgtO perdangagq)judstess ne aukgl i e

f DZengusawkgtmojjouost N, toliau gaisrN mmMabdan
montuojamos kas antr asperdapga)st at o aukgte (dalyje ti

T paskut ni oj i (ugbaigiamoj i) juost a, nei rpajaal r
(aukgliausi oday)e, pastato sienos
T greti mai esant bIokuot|emsDIbengwaaeiammsgeasmkagtk(

900mMm aukglio ppast abesis kwijraind i O© hori zontali O past a
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Bl B Ol

gaisrg stabdanti juosta i§ ne
- Zemesnés kaip A2-s2, dO E:’ E:’ E:’
degumo klasés statybos

produkty E:l E:’ E:’

>0,2m

=>0.2m

>0,9m g

zemesneés kaip A2-s2, d0 g p,
degumo klasés statybos ph ﬁ Eﬂ ﬁj "y
produktai; A 4
g = 'y

2 =

3| | B0 OBD B OGED | -

r Wl 3

i

4pav.Gai sr N stabdan]| i O&tfymasst O | auko sieno
Galtinis: sudaryta autori O

T Lauko sienO angO (langd ir dujuOkstesi tiiggdstn
ti j O pujsibpav)ango

>02m

gaisrg stabdanti > 200 mm juosta i§
- ne zemesnés kaip A2-s2, d0 degumo
klasés statybos produkty

I:I esama siena |

S5pav.Gai srd\ans/tialb juost O angO srityse i g
Galtinis: sudaryta autori O

§ lirll atsparumo ugniaidi psni o pas tIT®TSGrbd ¥ TSksise mO® eh©a g men't
galima naudoti & 2 , dl degumo dHuktussjé s sudatoili t30/ppoo. kiekyienas atskiros
lauko sienos bendro ploto, ir-® 2 , d2 degumo prddukiass feistai sudaaiki 15 woe.

kiekvienos atskiros lauko siendeendro plotoToki e si enO fragment ai Ssu sk
statybos prodktaistu i t bl ai gki ai pagymati statinio projekte.
l gvados

1. Si ekiant ugti krint Os au ¢ gyndhenodsises dasatu qgsyev,e nk 0 i
i § o rkbnstéulscijosa pligntos ITSTSsi st ema su degi a t @PMhdurdzz ol ibalctiin
DZ ¢éospmpsyiosgpi srinds saugos sistemos ig nedegi O term

2. Siekiant vykdiyrt i gwvermutoanel®iatsiakuNg utmasinkgs Gaisrb T t i
saugos preenci ni O pri emoliST®s ipsatneamaog i Ma s oguoBa gSakhjgu nogso
tarptaut n&s patirties perédamimas ir standartO har mon|i
visuomends daugamodi mdakloist i k N n es Burogos koriteksteu v o j e , bet

3. Nustatant statinio tpamosneiatrgsimadli 4 go S1103THT t Vi s
s stema pagal degumo | ai psnDZ kl asnti kui il aipraige
pastatai.
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PREVENTIVE FIRE SAFETY MEASURES OF BUILDINGS IN THE EUROPEAN UNION

Summary
Security is one of the Europe Union's keypriorities for a sustainable society. In practice, one of the most common
threats is fire. Particularlielated to the externplasterable composite thermal insulation system of buildings when the
thermal insulation layer contains petrolepnoducts. Thaim of the article is to analyze the fire safety requirements of
building envelopes in different Euro@e countries, to identf appropriate fire prevention measures for renovated
buildings. The article provides recommendations for firetgatmuiremert in Lithuania.
Key words: fire safety, facade plastering system, renovation
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LIETUVOS AUTOMOBI L1 6 KE LA RA S MR UK TSIFIRANSAVIMAS : PROBLEMINIAI
ASPEKTAI

Knstutis Vitkauskas
Kauno technikos kolegija

Anotacija A A A )
Straipsnyjenagrin_iéttjlyasmﬁDmobil Wel i Ouknfirastfinansavi mo sistemN
kokybei. Tyri nmeO nmwisddialpjrams av ikred galtiniai, |13agoO paski

keliams. Kel i O i nfr astruktlra tDdraikotsi eekiogignmidss imornientti ewsgd toi
pld&tr N ir priegilrNnait ueamsObigtiksIsams i BAnpv @adkiamtkia. Tal i e
nepakankair esamaf i nansavimo sistema yra nepfoebtemDzabhamgid bl i

finansavimo sistemN, identifikuoikrotsracpamali@dil 230 prasclkli
invesbPadics aWi ni mN keliams: finansavi moeerdekalkank akmeulnia®
sistemaneracionalus Kei O priegi lros ir platros programomk@gﬁﬁﬁ’?) I
keliams bei galies regionams. Patei kti sillyamaimo ksai pt én
ateityje

Rei kgmini:keil iighsdgisaerluikl Tpka leigdl riankl o finansavi mas

jvadas

Visuotinai sutariamakad ge ai i gvystyta autbmbbnbas Ok&@mpoDe rst
kTrimo prosreesiek,g méo dgdlobjad i oj e e k on oonkiykbodjse utgitki karuign:
bitinanadiloymal i nei raidai imbeadskividmiy@ pykaiinauka id mo
Vi suomenas gyveni me.

Lietuvos valstybihi ®klaaus omabi FfoOH&maveds Oir prak
degi mtmagausRend@ass$s . Li etuvos automobili Qaket yBi na
rei kgein®s tk nkl o t ankuimi3&m, 1000k? g gy V e B t ia p@6kiloroetrd. j o s
Pagal gi uos parsimedirdigi d itlgitbhtidomess (ESS wabheehsst, 2060h s dep a

Keli O tinkl ui Lieltwjive| et ekbua paymue lkunantmatedalingsa
vertybes, raci onaoljieali galngydbalsnteasntj atgear5| t otr éorekkiusn a n t
Pasl augtOsrigjgsibavos automobili O keli O trangpg®7rtas
proc., automob | i O kel i @#623%prop.asrregaimai O (LR KPPWawj O rvieerdsal
Dnoni ® kirimasis keliO tindliadi nangjaenkkmaisa paaajma
procesai bl t O n edatrasportmisistemes irerif lek & mo $ transporto
sutei kian]| i os gdbtmybeetgerlautaapaautlnas ri nkos
i g9l &tus Europos SNjungai, atsiveOi ojresk te® o6 Smalaiu
2004).

Lietuvoje automopbriileigd T kel i Gktirnkhmas finansavi

panaudoj i maja tapok & d i o i gllk@dllsrkupsalj(\mteralnlaq%)oe)t Havyzdgiui
Lietuvos valstyti i O kel i ©k aviphu, 2&®e) m. Keli O priegili(olasi ir p
KPPP) buvo skirt®0 ml nmagua® nei b a0lm.inaupmaet y3tOa , mlon TokieNur O |
situacijN LVK prezidentas kel@. isﬁbnkUErDEafblbjmbiéaai
(Sergijenko, 2018:1).

Straipsniotikslasi t ei sds akt O, specialiosios I|literatiros
infrastaufkmadsavim®rwmlbl emas ir pasanus.yti j O sprendi mo
Tikslui pasiekti keliamu g davil)apgvel gt Lietuvos automobili O
regl ameﬂ)tgmale nati kel i O prfllengalnlsraovssrmorrgpdallaag@mlsu p
paSkIrEBIdeYItllﬁkqutlaut(mOblliO kelkOl io$§rpalsdtros probl emas.
KeIiOastmersktrelkgmn ekonominiam ir socialini a

daugiausia nagrinajo A. Mal| i ulibkindai tVi.s.Valsgsdiien
darbO ¢gemmmss daugiausia buvo rakaaijtasetauokndOl

Taut O, Eur opolsi kkismi Isii tj ersat TAtos analizfi, siekiant
vi suomgywarianso kokybei, gNg, | i kmeandla d¢lin ettt éu vio§gv a a ugsi eni c
magali
1.Lietuvos automobii O kel i O sistema ir jos teisinis regl
Lietuvos Respublikok el i ai , atsigvelgiant DZ transmpmrito p

ekonomi ni,skirfomD&i & tjimm &k &vredlss t ryeii kifesldisus (1 |l entel ).
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1 |l entel a

Lietuvos valstybini O keli O ilgis ir dangO rilgis.
Dangos Valstybinds r eds kelipipkm
Magistraliniai Kragto Rajoniniai Il § viso
2009 m. 2019 m 2009 m. | 2019m. | 2009 m. | 2019 m. 2009 m. 2019 m.
1 690,529 4927,68 8192,06 14810,27
Astalto dangos /| 166693 29 | 4939,35 %% 1 6978,11 991 13584,39 ’
Cementbetonio | 72,12 59,930 0 0 1,34 1,366 73,46 61,296
Grindiniai 0,251 0 0 7604,08 | 6,689 760408 6,940
G Vv y damgos 0,42 0 0 0 7,01 6 359,12 7,43 6 359,124
Il g visq173847 | 1750,710 | 4 939,35 |4 927,68 |14590,59|14 559,24 | 21268,41 | 21237,63
Gal t iRViyg:i a@29yBasn. | apkri|io 14 d. nutarimas Nr .tarmol32 AD2Z
Nr. 757 A D&l valstybinds rei kgmas TARLWeLA,iNFL18BIkel i O sNrago
Val st ybi nkel ireie kigmémstaiviybas teise priklauso val
D&t at ymO i kt @ fatytadearkeeialdod saudaja ir jais disponuoja Susisiekimo ministerijos
D& t eaQSDD;Zrbomns&@saD@al iotamabietiu®@olkelai O direkcija.
Vietinaskert e|ng)ma)s; ektavimo, tiesi mo,p_rste_egtlybbcnss u
funkci as vykdo jvaldypawaini vk aitk élaisair eii rk g gndese griglausou o s a \
savi val adwdbus kediaii valstybei, savivaldyd ms , kit i e msfizipiams asohénims a ms &

mi gkO, nacDonabist@tepapokiipyd®p mp aasininkams®a t vkiad,j ekkudr i o
val st ybi nas sa @ropktayimd, esithde 1 i ©r ireéhpritojdracsbus organi zuoj a
funkcijas atlieka savival dybeiédkgmiGsat k emDih @tk i towa ryl
nustata r o) vykdy‘vhy\Ir oawaynbauoj a

Keli O pri egun@ommesnorsble&uaasawltlo mo b itldink lkaes yra susif
tankumas atitinka vart odwhrd rpiod ep &ri admedtari G, h i malt ehneka
srapobei ki O ir neatitinka ES otlygmi20i52020 m. KPRPf r ast
Pavyz@dodjimkiel i O dangos kokybas27gilockped ritl laidgimppioyes d & , |
k o k y Bl@balaus konkwncingumo ataskaitatuamenys: jei 2014 mLietuva pg a | keli O infra
k ok yditiig e nudy 884N vi ev &l €)iitg 20188 mu k t iki B7Aopias vietogPrabilo
apie kelinink® problemas, 2018).

Lietuvos kel i O i nfidstar uDdftylvreonsdi Braimag nami anal sniEai
nustatanl|iailsi Gusekitodriila Os kel &trosd Rskeai OUDEHe a1t
api bragia automobil |i @lsalkdbjmoisi {ais payriadinia jeisinius aspeftusi 189§ m.
pridmRisKel i O f dndo DXt &t ygNnIideasMﬂarlb fik€dasi f sukaupti ir naudoti
| &gwmtsomobi |l i O kelmo@rmtum(lkRu Kepl @szOcmdmgallojnﬁL‘RQ Kel i O
pri eglrl rp;jpsaglramcmd‘ i nansavi l(mcojlauDIEetIaltcynmnl egi Il ros)(flRi nans

I

— —

Kel i O prleglIrosKeI2|002joanIeNupoakperlwteagklules(tollaur— pl at
KPPP). Transprto ir kel i O t yr i mar denfPA tumtoma, kad pregmo s | agos

naudoj amaetsategiiane nikslams: 1) geiint ei smo saugumN valbsetybiné:
ugti krinti susisiekimN i gsauga n batadiirO neaJ ywhmiid,an3d) |

povdi kDZ aplinkail iinfi magknti D3 o di aidas umpinant& kied n s nlka a |
(Transporto, 2001: p. 11KPPP finansawo ir administravimo vykdytojg r a Vyr i ausyba arb
institucija

Keli O prie g [ stopb aisr ppoIIéltttamsﬁem\asa,kISuquuaklmosmlnustﬂrlﬁl
formuoj a kelri Op Ipartlre093| I v p brgahizudjad &oordinoojai it komtrdliuoja jos
DhHyvendi ni mN, tvirti®QapVaktsogbi mn@silelrknr:nbyrggmmekelr
kel i O aymo mg')rreakyt/inlus dokumentudi et uvos aut onmkeia ipriei SOsisiekiendb i O d
ministerijos (oliau - LAKD) or gani zuoja ir koordinuwdijkd rvaniNGt Whbiire
pl AL AKD | &gos \yrradministikidjamodaRnolsi udget o sand&i oafk tBRi a1
nustatyta tvarka. LAKIDZyy vendi na ®1 kgmbst kel nds mprigilrinlio
teises ir pareigasd AKD, vykdydama saw fun k ci j a s, dal y 204512 0a2 ODgny.v elnRl i ynaalns
rei kgmas kel i O priaendddlrywauijra pH&dytvremnsd i pR@Grsusi si
20142022 m. BO|14)290r2a0mNn naci onal i j2@14 20p0ary BurogosBj upnrgoogsr a
fond®vesticijO NeilkisenOuvmpmrsogReasmpubl i kos teritori|]
pri emoni O pl a rdinaus Myatgrios stratégisn 8D&yy vendi ni mo pri emoni C
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klimato kaitos valdymo politikos strategijossi# O ir ugdavi ni O cDZnyDZ evred ikn ionso
kt.

Keli O transpiyjetpcagpohidt nkes ESasiuptsoa tL@adddr an. i
strategi j o s(Lisboh Europea00@)iar yBa&l t o] Buropos tkanpprp @qglitia 2810:
met as figskcentijeopaerbitocij O per kfinkdi(mN rB2 d rydeangdorgph e s n e
r T gCommission of, 2001). ES Tarybos direktyvoje96/53EB (1996 m. liepos 25 d. ) bei 2015 m.
bal andgi o 2 Ylamento irIIabeos plieltyvolg(BS) 2015/71%Nustdyti ES nacionaliniam ir

tarptautiniam vegi mui naudOJarte@tlnlknmﬂnen@wtarptmmmmorto
vegi mui naudolamO keli O ttriama pmags®. priemoni O di dg

ESteiis nor mO DZymv ern ki nvidugelisa § ak § ddir @nl i O DZ ak N L
infrastruktirai. Sti pr asjpacesayidauserkaen o miundsioi susgj asi jk
pas!| aug ®pagrindingaiveiksnek s kati nantys politi kos gioje sr

2.Kd i O prieg iros ifi n@in&tavo snoprg@admntamo s i

Lietuvos v al ybasrlleegﬁnanmjmmlu rg Jd®|pJOgepIatg|rm|n(d|n|1§) L
surinkt O I é O, kaipKuerl iiicds gptrivri ¢ & i inra m@)l€ad p oss P Bkjivagrosparsa |
paramos.

Finansavimas i gLwvat Bt/gnhlcafhemstawmﬁhgirgmtemtaKeIplro egilro:
ir finansavilnor iDdtatygmu.ai 1)@\aandyta|kclla@OpglqilatmlOnl g
benzinN, dwyseliirniemerdegalni us produkt umsed gkivargiCe apra g
priedaisirsklrtlnaudotikaip vari kli O degal ai ; 2) Dal kystintassk ci z 0
dujas, skirtas automobilianfliau-a b u gal t i pamikapPlay 2 mbZs a W@ iMakes zius u-
LR DZegistruottaalssporﬂorpdember)nléesliC) naudot oj o mokest i s
naUdOjkleﬂT1N$iIIO$ amagldul@gnllegrﬂkblaastvroarnasnplosr to priemonami s
eismo ribg i mN; 7) FiziniO, j ucriijd@,nijO0 ap amdmanlOi, nwleﬂnlsa@ry bu &
|l agos; 8) nggceslglng)ltmi\lmdmgdg ksuotrahgasta0|onar|N fi
Vertinant ki ekvieno glO galtormawn@okmtekstdx,@autablmbendr
rtingi ig | O gPaw nd qniOu iDZY! paap kadhu(d yuekasinaakistdar ikis85

vi sioud gRZK PP ® gn amadloe 8. Do proocenbPl aukos KPPP

ki
roc.
i kuspgOarmg@at ®i ni G8 npw ol genr)tée | 74

S
p
I

i i 2l ent el &.
Faktinas Dpl &eko® PpzZ KBBPilin@g sDAtratfymansuavt atyt O ¢

2017 377
2016 En
2015 323
2014 | iE
2013 248
2012 =
2011 . 30 0 |11
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2009 127
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Realios akecizo jplaukos | KPPP uf realivetus degalus min. eury (KPP jstatymo 3str. 1, 2 po)

B Transporte priemoniy savininky ir valdytojy nasudsjime mokestis [vinjetés

I Bsudos uf nustatyts greidio virdijinmg | KPP jstatymo 3 st 8 p.).

-Mokes1 = uf LR jragistruotas krovininas transporto priemones (=12 t bendrosios mases) (3 p K PP jstatymo 3 ste. 5,.6,7 p.)

Galinis: sudaryta autoriaus pagal Kel i O di
Ti katina, k auds tfoikrsa n B € pasidRirstyDFsIsaisk R os | i us at i

aplinkghBimi s(aenmk lbiodio bHiouwdgei mo gali mybes irTrza)|ssun
pl anavi mN. IGad i manaa@akys$ituaci puoatsisksyi tta kwi e2r0m05(Dgne[I
programosf i nansavnmaot sglaslktallntlyomo nmODFlalk @pvi PREelpia@ @i |
pi egi Tros ir fi280BnmavDmdE OA&tadi fnanipt y mai nuo2000 al i z
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i 2005 metais beo pagrindinis programo$ i nansavi mgagéalsi migs j o | &% os s
vi s ®PKmFI. a uGDZ mlozkjestDZJmldlnswaelkyboasemlall(q;%%numerpiam mO)
automobiliams skirtoO susk%anapataOnO()lujCereela(h@zsd&&ntm
Lietuvos b¥%amkdN) pajkamd, g a u ts QaslaugasMokestisy\assom n & | & i b @a Vv c
vertinamas gana nepalankiai, kadanguo apyvartos renkamamo k e st i s p maokestipim@a r a v o
principams:j DZ mok as$ o DAmeh ash,et kuAj os nei ovpehemonasa.nspart
priegtar altbPSeilm& tDXiesreii nns 2@ 0 & sfmanpagnDshakvyi bnedsnogradi t i n DZ
suma®Phphn@aukas DZ programos bi udgektoN.i ShuasuipdPapilbytuds® ks
sumagaj usbDZ KPPP biudget N,

Siekdama kompensuanNi, ¢iy® ilaagQbivad@as tkoanegaail ma
pai eghkdsr &kedlii uodama gaundm@DDapem@uuQqu@d@t@yil?EﬂétDZiKs
pervest32 %gaunamO paj amO qigs akycdizsN buvo daudmag vs€it ata
i grygkajo gi o pr djgaeauo 2004 m. i#ii20l5 nm.mog ¢ gnngdéesn 1 d. DZ KP
40 % nuo surenkamO ak td z50%, nuo2006an. sasio 5 d.60 %, nyE2906g 4 s

m. liepos 1 di 70 %, o nuo 2008 nsausio 1 di 80 % akci zo paj amO. Ti esa, nuo
akcizoppg amO dal i s sumagéjo i ki 55 % (tokDZ st amiaO kr i
padidintaspt s akcizas ug degalus), talli aupaj2®md® meo aals
2018 metais sumagi nt a i kliKke 4B Olprpos engsnFaa/fglnmoa (ZDK)trmﬁedakm;a\)

KPPP finansuoti skiriama0 proc. (nu®021 m.i 52 proc ) akcizo pai aomtON @auo 190 *
k ur N,2018 wetais LRsusisiekimo ministraa k cent av o, kad ig akciliotipaj e

pervedama ne magiaiur kgimi 90 i pietosdsesdvivaly @ asoci ac
(Snkevi,hl2018)s R

Vertinanta k ¢ i z O dafies puataty@p o | i t iakrNg D&uhSeinie imangauo k| aus i
sprendimugl a g n a i mayumentakarbalmir omos prognozasredlinjld@.mama \nye
2017 m, Sene buvonutartaa k ci zo pap amOe diathd e®DZKP®PRagi nt i nuo ¢
proc., motyvuojant, kadA n et sumaginus gDZ procghntNipkodgr ®&mkos
didinamas dyzelino akcizo téas bei auga realizuojamo kuroimys, ta p p at nepl anuoj a
priegilros programos | aygo0 ||mﬁBzgkloijmmalTlto@arpBZMan918}<
m. Sei me | aaakckadabs sdydmZmdi dkatp wvkenBOi gracngument
magamai § KPPP | 490 buvo perveistat &i t &t pi loikekpo@anOk & i in

(Bielevska J. 2019). Tai rodo, kadd a g spaendimams priimtpast e | ki a mi ne ekonomi
politiniai motyvali I r nors f or ma&l iiikos nubsgklumas K camekso malsd i z ar i f C
krypti es, taliaui geamisai i nasastemiegamas oki os

s p r e n diamakankamai paremti ekonomim i s skai |l i avi mais. vTadisgiy,bads
sprevdi muosei ltgrallkasitkad s strategi jio $ormiojant FagomalimiPRR n ki ¢ |
finansavimop o | i t i k N.

KPPP biudgetas f d@muadjyamea sDZrvd rG i kdteddigmps letgikroi O
papi |(deolntCe rfmansayimoi Qlal i mybi O keAKDOOtUBnklko apkdtpyrwa® t a
finansavivmoe ggogjlot iinrDZpr i v at afirisiai ar guidiniai asméhyspoeganizatips y s t i
ir jO padaliniaivagaltiydis kiflmd® Kedstdjniesmd dqgmjsekt a
Daugelio pasaulior al st ybi O pavtiiergtoijso riord opbenéredatbiavinms galietéikti o r i O
dide naudidNomenei, nes DfHyvendi nant uparhraendyogimm;asplt
patirtDZ ir iniciatyvN, gal i teswklkrttlran\alu¢gN$||aSV|rea_{;
pasl augoms t ei Kaigi privaris deldoriusesant\por¢ikivigtaN @k Oy vi au pri si
automobil O kel i O sras.KTtad ri iaauu sg i ol &f i nansavimo bildo naud
reikalavimai vertinant vs O gal i mO fi nansaviymo D#lati e ismadaytyas ple &
finansarimo naudingunN v al st ytbek a p oidgkdl gasma i t n eipagiternadvi KiPRP
finansavi metuvgeadbhm enydidadi na t oki o bvwav ad nteinksg t a&soik.i o i ¢

Europos BBpuagmmmana et uv o sklukfiednsudd skiiamaESf i nansi na
par ama i ¢Samgla@oddndon Eudopos regivi n & s fpolnddtor obse i Europos ge

kai mo Glatpraalama skigipmaj &klotnkmeti emnegal i ¢goQ ti r
institucijoO nuoglIldamNt@IalamOtglaininIgZDquDIalpma ati
bi udget o Iagassms(nhkoseﬂ()(iﬁ)/ofurapesoSNJungos skué Init@ r e

infrastruktlros etpwje &gt i nN di ddpjp Hé s iNs L ptarptadtioldsiud i nt
transporto koridorius (Via Baltica, IXB ir kitys Vertinant ESparamos, kaip i nan s a v irneoi kggamnt, i
past e kaai[DZ) lnauk gal v mipit & o d B2KA% bendrok e | mkid finensavimo sumas

tali au gi Trint ES f i npaansstaavri NjoDZ pdaesgd isnkdi gn@stt BZm &) tdgeiir :
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tendencija: 20141 2020 m. (lygnant su 2007 2013 m. periodufinansavimas§q E S & wmal¢dd | o
2 kartus- nuo704min.eu® i ki 39 [6]mMlavy zelgu G20 16/ em.g i g ES f
91,3 mln. ed2® ml 20128 uEBmh20a@r & tai 2020 m.
40,3 min.(Bielevska J, 2018).Taig i , ma g aj anglESsirk t IDZD i auldos oindO DZ a

(0]
pl &
ko

priegilrai

s ki

ri amoO

| 490 dyd@ZmN oairatba

e retki auw ¢

val st ybasnarugiGk aflianuajnap @ v is gréabp b b tt K i ©@

p r finangavifa o s

Datymenust it ga®savi mo

gal tini O didini mo.

o
t
i

Remi antis
pri edgkiilrriaaimass

Keli O direkcijbsi ddemearamosepgaimadaf
finansaviumiast @ed e nuiigdiBiotg abeit psni ui

3l ent el &

KPPP ir ES |1 4390 finaarsavi mo dinamika,

]

S0
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- Faktings (kasings) KPPP ledos | MNegrafinama ES parama [ 12 viso

Galtinis: LietluivdsdiArugkoariojbad aska®@pk® m. vei kl os a

2004 m. bendras KPPP fondas (valsb &8s bi udget as 296, 5S mp ar. aima) O, |

458 eur (O,445m10.12616 m-.454 min., 2018mi 4 92 ml n. eibr6@, nd (71a9 em.u O.
kKlaus i mas, ar gi O | 49O amesaiksiusak o lpyatkiaq kit |p[aZ;yJ\Eehrtnd>b|kle|I
priegilrN?

Vertinant Lietuvos kel i O fi nansavi mo mammmkadmog\@(rmga[keetlego i N
infrastruktiros finarpslaivi imlo aviadbshdgirkgadj ©@s emok ek i OO
suvokiamakaipv i e § oj i napdmgalvimempe pi |l i el i ams, n eatdgjasi at visa ms
nesinaudoj a. Val stybei gi sistema galiistbrlatvii mor i(il

surenkamos ig bendr os ekinkatslerai ikadtrolisadti skeli@sme s | netwdjcﬁjlan
subjekt® DmokO). Taliau pagrlsndflomrrsuoglao pracd d Il ios
atotrl kis nuoorptak | ssuasmwdiO)(rta tadnatpo | a i ug gthOJapasIat
pasillos terthdgEBatuug@layjjdemIE)S k\eahsOtylbnfCrastruktl
pasl augN, reikalingN konkretausGivaphogaj grinkosdg§i ai
l ogi ka, t nostikéboinas makestip thinkantis paslaugos suvartojimopa mt i s , DX ertin
susidavajimN, targos ir triukgmo em|S|JJNa|I{eIO|(Dytr
dar buos eiai lupdomiitakie ¢gi o model i o pliusaia) nemoekekslliid
nesinaudojani ms kel i ai s ; magina perskirstymN perlibl,udg

skatina racionald®j i mNy ag torddHKehybDFmliosiekiysa upaskirstgtisavno
i gt eikkt.i Masytina, pg gi o model i o r(é(\rmmcksae viairetow wg jas i
finansaviimargglOt idreira rmikais.] i ®awyz kéeil iiu,s smstem
kei © moke sl inmiusdoammh o mokes!| i airmsga(ii gpu md §iamantb
kit us, keli O naudotojams tenkanl|lius mokesl|ius.

) gal
N pa
adzeig
3. KPPPfinansavimol & gaékirstymas ir naudojimas i A A

Lietuvos autpamehbjidbio® i knealaddéaujaatigies i O pri egilros i

DZ t ap g gna IK PRWPrshkrgimamostrini pagrindinamis kryptimis: 1]
infrastruktlrainwotviksOnslaavg Qms dppamas vrei k@mas K
priegilrai o rsMNlayugg@ u(sg iek ksrm2@iloimsmeatrdd buvo sk&iriam

45



programos | 4§05 mpuoc.201di3mproc)RMmebi médi & | 830 naudo
numatoma5|k|5|pocent O Progréamg®d fiemanyadssi hkoeti kmmsd msa | sstuysh
keliais, fnansuotif st at ymrumas ki aaspeci al i aj a basfakavimotpiograimai r e i |
skirti 2 proc. (nuo 2021 mi 4 proc. ) akcizdegaus pehsugBtintasgigas.t 1B g o s
skirstomos vadovauj ant KRPPfinRs &/wirmaulsgdp@snapad@j ir mo r
toliaui Kel i O t va) lhamomalpGalfBRPP f ond®l stkyibiimdmsir vi et
keliams| a 20082019 metais buvo pdlap s ni u i di dirinnea moiss,a dtaa |piraoupor ci ng
valst y biirn dvsir eti ikj@niisO i nfrasteonkel Axi platoti (4

4l ent el a.

Val sty bviiredsienidksg m&s nkaenlsia@ i mas i g KPPP | 490,

2ey

b1

2008 2009 X011 2012 2014 X015 2017 2018 2019

- Valstybines reikimes ke liai Wietings reikimes keliams Pragjusiy mety viriplaninés leéZos _ Samata

Galtinis: LikitOvhesl AOtdimodkcij a.
http://lakd.lrv.lt/uploads/lakd/documents/files/firsvimas/bendras2019.pdf

Keli O priegilrai skirtO 1000§00 2@ unet aimd ta&nsliini 3
tam tika s | Adgjidho rpgiamntammotendencuas

Pirma, jeiguk el i O priegilros (00O nf. iedukcifabawk bendrai Dsodydat y me
kad A programos finansawvi m®6 kagoamsaudesampsmgdén
saugausies mo pri emonamEKe D@ venide gi | r o\yrjausyb@itOdipsstatyd | e g u ¢
priemones, kurioms us skiriamas finansavimasai valgirayueagdenci j a gustaysi pr i e
DAt at ymi nami s na,dkadnakienteisinio rddlmeynt iavi mo pokyl i @int suda

kel i O priegilros finansavimo stabilumN ir skaidr
Antra, nuo 29®NRadgneds Opri emoni O, kuri oms s kDiartiad myarso
pataisomiskaskartoww o p | e |Piaa ma slup R0O3m,Pr ogr amos | agos pradat o

transporto prlemonlo neaufggonmanoapergalalnhomkekt
rajono gyventom&plorrtpOpkeagmp@a;eraﬂearIol yugdil ni teitdao k r &
Rusna atkarspakompenBUmtaucNmm 2012 vemesOybinas rei kgm
DZ e rstgdiomaid j a i Keli O eismo taisykliC)irpnéognadijadjainmréti fiks:
2019 m. Seimas papdd Dzt at y mN ( 201 ®daknija)s tgre@ iu@ Ars i ulskirtindu.ma t
finansavimN darbO®O kokybéads kontrolds priegilrai Vi
vietinas r elaqujtammeprogarnyursld{rtez pro@ (nuc2021 m.i 4 proc.) akcizo

Kaip jau buvo o DAraukpatas @Zi ®Bt at ymN ndra bl ogai
didat O prumpamdi mgaiKPPPr batvgjul ERPB tuiimomis & g cousiAn e piaj & g i

ugt it kr ivinasty nixs numatfylthanpsralvelnmnNosmIOallrrms|kalesngar oj u
finansinas par amos sumagajimo bei A&lgiOk upsa noasu dAttri a ¢
r ei k miemdsas KPPP fmans avi mo augi maGsi 0yr aa pamunldng)\&mamyml

at saki Rrggaaimos finlks avi moaulddg © mou gtdwtmrk @Ena i |, ni eko nenu:
paski s itp veitus, ltadgali sudaryti prielaidpsa g e i s t i Is& @O ds kuinrNsstonjlomd j o
vadovaujantis siaurais padfifais notyvais. RRvy zdgi ssuo memi@t raver si gkuai vV e

prezidento rinkimais ssia¢eybdbmas pIleg;lezkssokzD@PyaQOSMm
Ur bonait &8SieRant PR @& @ hgt iiai samabgai nn aikikets pitkaiawsiabl t ipnaag r D& t a i
DZteirnti, ar ig tiesO visos giuo metu D&tatyme DIv
ir infrastruktliros plfihans wsj avnyosst yim@g , RaRyR B g ibkaigulid gl t o
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http://lakd.lrv.lt/uploads/lakd/documents/files/finansavimas/bendras2019.pdf

muziejausiigkalil k @mansi iOt |Dksrgi;e;tﬂksﬁxmawmoflnansawm@al dttd b

perduotasK u | t mInI§Ie$IJOS jurisdikcijai,bi | i et O ug perk kdmpermlsr&{wmbzarmur gi O
i nst ibendradarpiglims u ugsi eni o vabd s p ly d & minamsadmad thipipageail rdkt | O
bl ti skirtaAtiitgi nkkiatnGaif oD®deQ.t i nus i g KPPP finansuc

g al i mpanaudatikSlingiau.

Norsvi et i nd&s rlkeéellaigaiasi ryr@ savi,taaldiyabui O Chuplsé@atvry d
daugiausia finansudjieka anal otpybasal | ago miasek ikrgantayt
keliamsski t as | Agas, 2 Rellt@sinimreguliavimogakdpmai. PirmakKe | i O Déstr.at y mo
DZtviht a nuos tnaetpaa nlaauidd( iNa n&RiPPi ik am@smeti o | ag0 dal
kaip 25 proprognamasait ®omdited ilnidgddliamerirgkagdnedd ms pr i §i
(LR Keli O DztAntaykealsi OoRt0\@a®humatyeas avi val dybi Ot vaBdom
rei kgméas kel i amsets kniarst ir ed k gpyaso gkreal moasthsloasgkd a8 g a Ot
skiriamospagal naujus kriterijgt 1) 50 proc- pag al nuol at ismivO v ay kg iRBEpdal0

keli O ilgbZ nurodyt N saV|vaIdyb|O patvirtintame
pavadinimas: 2019 ir 2020 metdis5 0 pr ocent O, i AQupor oz ®EI L Q2mednt@2b 20
procentai, wOuoprZoOcZéBjtrﬁpeag)al NeklanJradeJOo kted ri tOo il e

2020metais 0 procent O, ih@Goprd®@dn tm@ ti Ohprozerd2i0,2 2n unoe 1 BD 2 3 me
procenti® (ake )a Gaigispersp2kiytops av i v al dy b akinamod pagplas kritetis:s s
gyventoj O skaili O ir Nekilnojamojo turto registr
savivaldybas turi ugrbepgpOsbadaeti s visus joms prikla

Teisinio reguwlaivd wiashdiygokidslg 8 baapaagtri noViesmanaisg |
tok-iv etinds rei kgmas k probler@asut lerriassusiddria daugelig iListavosa ¢ i j
savivaldybie®mapatgamdtymkddsd | st ybi nas r e iykbgana st edsslei adr
valstybei,t od atlurjii j uos t vaT&lyitdu pdagpmraaljgorlcr @stgeanttvral\s eyi In;
valdybin &8s rei kgméas kel i O atdalripgpatpatitruddril g igpi radst ig avt avless
papraptaeg;flenhasrsavma@lbelaToklu atveju saV|vaIdybéms roe
afbaKel i O dlrekcuaagNurhad) galrkghalplaaltOrtpakalhmﬁ)jOp
ddlt im&amos ¢gi O kellokIaJsslrkaad@l(Dlawgalesatrrbaacnqemsgpﬁeangdcgl
probl emos egzistavimN | iudija fakiteas]35%0adt [2koslt8.
val stybinas r en kamilisOudeiaskifies, tyteeaitsiitgik ai net Kimk amai
problemai savi val dybams priklausan|i O keli O sNrago sud
pradaj us ophlkigradty bendr N kel i O |IgDZna131rmmsei|yIk@\l isG vsi N
AtS|gvelg|garstavDZ/kalmJ;damdopat@ktlnrnenatus keli O sNragus, t
duomeni mi ssl\djraagmcalpagtleO kjlmmspa/tadlulouaamlarsbw trl kumai ¢
pavadi nhmBerdard,val dybi O patvirtinti shltozebepa@tamentoglal
duomenimis,s Nr aguose DZ agyti ne shawalvat yYlyibrds preéejk® amsd =
val domi ar einantys per p r i perapektymiai, repl@inmeegzistkogantys a i
keliai, kai kuriais atvegj i s ky | a sabreajgourois®, DFragyt as kai kuri O ke
k. Kel i O di r ekmiisj o%OldguonnnenlsaV|valdybam@mr[EMnkamalausm
parebgv®, prlpagl(nCEraelnbaetr|6%ﬁstdap.=;rtoﬁ:rgalﬁ)ajl|O direkcija
skirtingai Dgvelgia glO psreo\bll\eaﬂOdymrllOegpaessty\sumNPl|r
pastarosio§ t ei si nDZ bi urtoDZr krliazZ@Nss uviMirreyaaN ei kig@®i ans DX e u
atsakom)DEassundhlmUetloklu atvejusiokiai pasanieapi bragt
prod e mO sprendlmN

Keli O priegilros finansawvkimot famaidgin@inal| r 2§ | dree |

identifikuoti kel stONnpombhemO.aplswmiko s jagalksatiukdy@ i nf r
DfHyvendi nt ituswiRiéstkslusu mat y

Pagrindi nayra par kadbd paral i ai [ nlthamsqathsiqutannsbel agamt
automobili O skailiuirielgellir@it ecrhnnlanuajso bki ekl i&& tpi e

nesponuoj a [QZaeii Imtylb i iOg ki | nepakaokamas ®f t ki g s n IS5 2080tV i 1t
LR valsstrydbiskn@mrd iegi lros ir AbkeBi amd pybghd®moimg Os N
analz aPr ogr amoj e, | ai antis darni os mobdarhizuatisr ppli att o
val st ybi nauwt oneo bkiglnia® gk e bifutkanesisaykd eNs , g e r i napsaugeti s mo
ir gerintaipl sapasl koky bsiv ebiekiks. fTikélasns pasiektn Buso sudaryti trys

galimi finansavimoes cenar i j ai , Ipateikii skirtinkj pregkamas dimarsaviend y didr ipaxal

j uos atiti nk grgnozuojprapsrkaag rl @ micos verdinirkosrdzdiataiDAPagalp i r mNj DZ
scenarij O buvo s-R020 rmetais KFPR finansavika khsm2tdsSkiriama 482,16 min.

X
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ur O, amptaig®P DZ 8 mltel i WUBZD mirn. eur O. uNtoir k mit ntvii slaele

| &gemMkhgarii pti ei sumot iskaruignutmN auk gtpNasileltii O (kraide i
dangos dalisekgser t O pri paginailad kma.i pj iAbdbloty@rad i & R2agoc.oc . )
dangos dal i s, | ai komMan)Agauagfi On262088 mptacs (2@i 4
kelpirOegilrai skirti virg 700 eafiai Lietuvoje 052020 tmetasl i a s
KPPP finansaimui kas me t vidutini@ggkpbdb Ba0o mbhkir ibaekirmojk as p
(pesimistinio) scenarijaus variantui.NP@apgal aitlodkm?
kelio timKklogopgl &ted N ,@alisnuor2Rdrooe. turdZ&atn@ ois B2 prag.t (2015204
KPPP 2 priedas, 201%itaipt ar i ant, toks finansavi mas, koks yra

bl kl &s gerini mo, bpeal gpiakdyetdia es ekmNniknd Ima@varelik | kai,t & u
aplinkybi O pasmerkta pamagu pr ar assTaip pae sospaagsa | k dkkeyl b i
direkcijos pateikiamus duomenis attaloidyu,O,j eiagdu KgiP
susiesime su Lietuvos BVP augimo diniga, &i pamay si me, jog kel i O priegil
produkto skirama visna gi au | 89g0. Pvz. 2004 m. keli é@&ByRr,egil
2007 m.i 1,14 proc., 2009 mi. 0,84 proc., 2015 mi. 0,9 proc. 2018 mi 0,98 proc. Taiginorsk e | i o)

pri e gisikriaii am®s| adpOGody dit i iraugadtkuaoi | maly sitgar amagnkiaptud |i iuau
finansavimo didini mas Aamskbsekagl moobbendrdagahli

Ktak el i O i nf mamsatinou ktr lorbdtse joddiuoy20608 m. yra susiformavugidinga

praktika,d a | DZnmmorso d fdagtOi ski t oms bendro biudget o rKPRPK ma& ms
Dhl aukos gali biti naudojamos ti k Naou20® ikie®lv mi O
bendroms bi udigetmpr agri&kmoisnsp ai rfltRa Kepii © &5 F erici j o
Pavyz@@P9mmagi nant abiiduadsg,etiog ikygdl i O fondui skirtoO
panaudota net 3p r o c . Fak & § © i fimanskhvenasL0®6 m.i ¢ KPPP si ek & vidtd) 3

suplanud® 454 mln. eur O, tadi m@DA0 spiso dtZaiOletiiilioms uda

neD&i savinta 2018 B0 $¢inma s up Ol émélldymmtdemgtu MNKBVMOI
fondo Ifa)g1(d ast mat e k Beimd Sprenahu2019 rekie 16 O p rbovgDgpamiod yet a 1

k e
S U I
4 F
| T

ml n. eur O IagO giuos pinigus skyrnmnsu v&Kieko Opidni g
teigimu, d a | t o faliubta dpie BOkaisl omet r O gvyr kel |Ap)berrdrm'gmgallma nei

tel gt i, j og dalmgcrsmmktlkioslr@sillntaslokselyd) @Olzetgmaraklslka
oficialiai KPPP finansup i numat yt oskedu o ss e adhan ddl lpgal DZteayt y mN | «

prikl apisaiMp®®t i na, kad epjaagsitnyasd a n & $ g &iboasipkidrs , k arek ra
finansavimo galtirnegi SrpagrDBpplbaantaKvellsmaQr pvgyrkasntoas ,me
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FINANCING OF LIT HUANIAN ROAD INFRASTRUKTURE: PROBLEMATIC ASPECTS

Summary

The article analyses the Lithuanian road infrastructure €ingnsystem and its impact dhe quality of the road

network. Thestudy examines the sources of road maintenance finarthimgjstribution of funds for roads of state and
local significance. Road infrastructure has a direct and indirect impact ondaheneg, therefore, sufficienesources
must be allocated to thesbjectives in order to ensure its proper development amdtenance. However, funding for
roads is insufficient, and the current funding system is inefficient due to problems in thiSheremalysis of the road
financing system identified the main prelohs hindering the rational distribution of funds and gitsan of investments

in roads: insufficient and unequal funding, inefficient road charging system, irrational distribution offRiméeinance

and Development Bgram funds to state and local roaded regions. Suggestions are made on how to improve the
road infrastructure financing system in the future.

Key words: road infrastructure, road maintenance, road network financing
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COMPARATIV E ANALYSIS OF ENERGY AND ECOLOGICAL INDICATORS OF A
COMPRESSION-IGNIT ION ENGINE FUELLED WITH A MIXTURE OF DIESEL, RAPESEED
OIL AND ISOPRO PANOL
Badari Vishal Davu, Alfredas Rimkus,Jonas Matijogus
Vilnius Gediminas technical university

Abstract

The demandor fossil fuels like gasoline, diesadtc, is risingfluently while their sbock is depleting rapidly
Rapeseed oil is considered one of major alternative sources. In this study a comparison of diesel fuel, the rapeseed oil
and the isopropanol mixtureseve talen and producedvarious fuel blendsat D50RD45P5, D50R40P10 ad
D50R0O30P20 proportions. Theddendswere produced with%, 10%,and20% alcohol tends to have greater energy
and ecological characteristiddy taking these different mixturiiels, the engine performance was analydsdtaking
various loads and outpis shownin the graphs

Key words: Rapeseed oilCompression ignitionCombustion Emissions; EnergyBiodiesel

I ntroduction

Energy consumption is growing exponentially as a resultapid improvements in human living
standards. Fossil fuels now play significant role in the tranggrtation, manufacturing sectors, and
agricultural sectors. Meanwhile, the supply of petroleum resources is fundamentally, |Bniteigsel is a
potentialsolution for replacing fossil fuels given its low efficiency charasties inengines for improved
environmental protection and the enforcement of stringent regulations on emission standards over internal
combustion enginesBiodiesel is a natural mixtarof fatty acid methyl esters, nooxic, biodegradable,
sulphurfree, environmetally safe and reneable sources of energy, with the ability to minimize pollutant
levels in internal combustion engine exhaust emissions because it is produced freadilfiedrvegetable
oils and animal fatdt was found that if the amounf alcohol B mixed with the notdible oil of rapeseed
gives the better performance and emissions results at various load conditions, also it improves to cool down
while operating with laver temperaturengine(Hajjari et al. 2017; Rajaet al. 2A9; Srinivasa Rao and
Anand 2015EXxperiments were carried out to analyse the performance and emission charaatéedics
stroke, direct injection diesel engine fuelleith diesel,rapeseedil, and isopropanol blends at different
loadsat the sped of 2000pm, isopropanol mixed with diesel at different proportions in a compression
ignition engine withoutimplementingany modifications.The efficiency parameters such, &rake fuel
consumptbn, brakespecific energy consumptipand brake thermal efficiency and ecological parameters
such as carbon dioxide, hydrocarbons, oxides of nitrogen, and smoke opawgityanalysedand then
comparedwith that ofdiesel fuel The gpal of this study ito replace 5% of diesel with biofuels (rapeseed
oil and ipropanol) and to investigate engine performance under these fuel blends.

Fuels andProperties

As we know that biofuels are classified as biodiesel plant oils and other olgdjémels later refeed
to as MAaddit i vmaoopropetes of aiffe@mt eropsrtmmmixturesike density, carbon,
hydrogen, oxygen, lower heatinglue and cetane numbeontent of all the biofuels isomparedto the
diesel fueTablel). As weanalysedncreasing small amounts of alcohol in the blend=getis inceasing of
slight oxygen content and this results to the slight decrefak®sver heatingvalue. However, the standard
diesel fuel does not contain oxygen although the structon¢éans a large amount of oxygen in all the
biofuels. According tdhe cetaneaumber, it results as an indicator of ignition qualitiie cetane number of
a diesel fuel is correlated to the time of ignition delay, i.e. the time between fuel injectidhenylinder
andstartof ignition. Biodiesel offer a promising &tnative toreduce emissions from Cl engines due to their
oxygen contenfKnothe 2005; Patel et al. 2016; Senthur Prabli @047).

Analysis is conducted using 100% pure diesel fuel and blends prepared with specific amounts of diesel
(D), pure rapeseed oil (RO), and Isopropanol (P). The first blend ce®i@d Diesel45% Rapeseed oil and
5% Isopropanol (D50R@6P5), the seond blend contains 50% Diesel40% Rapeseed oil, and 10%
Isopropanol (D50R0O40P10); and the last blend contains 50% Dig8¥l, Rapeseed Oiland 20%
Isopropanol (D50R30P20). The properes of the blended fuels including density, mass fraction and lower
heating valueare determined using the formula

Property of mixture fuel = x [(perc (2)
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Properties of mixtures at different compositions

Table 1

PROPERTIES D100 D50R0O45P5 |D50RO40P10 |D50RO30P20
Density (kg/m) 843 872.9 866.4 8533

Mass Fraction (%): Carbon 86.3 81.2 80.3 78.5
Hydrogen 13.7 12.0 12.1 12.5

Oxygen 0 6.0 6.9 7.9

Lower Heating Value (MJ/kg) 42.3 34.54 34.09 33.13

Cetane number 51 31.9 27.8 24.6

Source: compiled by auther

Experimental setup

Tests were carried ub at Vilnius Gediminas Techeal University's Laboratory of Transport
Engineering and Logistics, Faculty of Transport Engineering. Audi / VW TFBylihder Cl engine with
BOSCH VP37 typeelectronically controlled fuel pump, standard mechanical fuel injeat system, and
turbocharger wre used for testing. Installation of test bed sho‘WEtﬂgure 1. Study of other scholars
demonstrates test engine parameffelsu k nel evi |.i et al 2019)

Fig. 1. The scheme of tébed: 1i Engine; 2i Fuel pump; 3 Turbocharger; 4 EGR valve; 5 Air cooler;
61 Connecting shaft; ¥ Engine load plate; B Engine torque equipment;i9-uel injection timing sensor;
107 Cylinder pressure sensor; Lintake gas temp meter; IZEGR tempmeter; 13 Exhaust gas temp
meter; 14 Air pressure meter; I5Air massmeter; 16" Gas analyser; 1i7 Smoke analyser; 18Cylinder
pressure recording equipment;ilBuel injection timing control equipment; 20-uel injection timing
recordng equipment; 21 Crankshafposition sensor; 22 Fuel ; 237 Fuel consumpcalcubtion equipment
Source: compiled by auther

Effective torque of the enginde and speed of the crankshafis determined by means of a stand Kl
5543. The measurement error for the torque is +1.23 Mral consumptionvas meaured with electronic
scale ad stopwatch of test SKO00with 0.5% measurement errdexhaust gas emissions were measured
using AVL DICOM 4000 gas (CO, COHC, NOx)analyserand smokeAVL DiSmoke (Rimkus, Melaika,
and Matij.ogius 2017)

Results and discussions

The main objective of theork is to provide thenain ideas of an energy and ecological indicatars
a wide range of engine operating points of various ternary rigiures with load BMEP of 0.2; 0.4;

0.6 MPa containingblends of rapeseed oil and some amount of isoprog@&®R0O45P5, D50R0O40P10
and D50RO30P20n terms of combstion efficiency andemissionsAfter tests at different loads at 2000
rpm, we presenténds in changes in energy and ecological indicators

Energy Indicators

An indicator of fuel efficiency is the bralgpecific fuel consumptionBSFQ. It is the fuelmass
consumption rat®: ., (Fig. 2) divided by the produced power. From figure 3, we camegaly say that the
BSFCvalues of biodiesel fuels are much higher than those of diesel for all brake power sach¢heould
increase with an increase in the percgataf blends, its mainly depends upon the correlation between the
fuel density, the lowr heating value of the fuadue to the higher amount of fuel consumption of the blends
comparing with the dieseliél. (Raman et al. 2019; Saravanan et @P®@. At higher load of 0.81Pa for the
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mixtures i.e., 5%. 10%, and 20% of alcohol approximately 8%, 10%, and 1d®% amount of fuel is
required respectively, since biodiesetbased fuels the values of calorific values are low when compared to
dieselfrom figure 2 In fuel mass due to the addition of the alcohol percentage the consumption of the fuel
tends to increse It wasshownthe brake specific fuel consumption at different loaddigure 3 At the

higher loads ag decreases with the alcohol proportions of 5%, 10%, and&fjfroximatelyat 9%, 10.5%,

and 11%.

—D100 ----DS50RO45P5 ----D50R040P10 -- D50RO30P20 —D100 ---D50RO45P5 ----D50RO40P10 -- D50RO30P20
5.5 400
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015 020 025 030 035 040 045 050 055 060 0.65 0.15 020 0.25 030 0.35 040 045 050 055 060 0.65
BMEP, MPa BMEP, MPa
Fig. 2. Fuelmass consumptiorB{ ) at different Fig. 3. Brake specific fuel consumptioBEFQ at
loads different loads

Source: compiled by auther

The engine'sBrake Thermal Efficiency(BTE) largely depends on theombustion efficiency and
combustionrcompletenessSinceBTE s the ratioof the brake work per cycle to the chemical energy emitted
during the combustion. The chemical energy producedyicla depends on the mass of the fuel injected per
cycle and the heating value respectiyaifere theorake power nmains constant for all the fuels at a given
load, the brake thermal efficiency only hinge on the fuel's specified caloric Vé&leealoific values of the
blends of rapeseed oil were lower thdiasel comparativelyOgunkoya and Fang 2018FhhabraSharma,
andDwivedi 2017)

—D100 ---D50RO45P5 ----DS50RO40P10 -- D50R0O30P20
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Fig. 4. Brake thermaéfficiency BTE) atdifferentloads
Source: compiled by auther

Although increasing the conceation of isopropanol would decrease the fuel's calorific value, but it
will also increase the fudlow rate There isresults shown that at higher loads of BlBa. With reference to
the diesel the amount of percentage decred3irtgin 5%. 10%, and 20% ixtures alcohol i2%, 7%, 7.5%
approximately.

Ecological Indicators

Emissioncharacteristics were studied and tesietth all the fuel blends in the laboratory and every
point of discussion of every characteristic is shown.

The key explanation for CO essibns is incomplete combustion where the cycle of oxidation does not
occur albgether. Since biodiesel includes aduitil oxygen content CO gonverted taCO,. The decrease in
tendency of C@emissions is almost lineas the BSFC decreasesth respectto the higher load of the
engine The CQ emissions were most slighthgduced for rapeseed oil blends with refereiacpure diesel.
Positive effect on greenhouse gas emissions was the reductiorn, ien@€3iong(Nair, Kaviti, and Daram
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2017) From figure5, it was analysedhat CQ emissions of blendsf alcohol 5%, 10%, an20% are slightly
less compared to diesel. Approximaeduction in C@emissions was 1.6%, 1.5%, and 1.4%.

Hydrocarbon emissions were also tested at different IGdesdecrease in tendgnof HC emissions
is almost linearas theBSFC decreasewith respet to the higher load of the engine, the tendency of
decreasing at 08IPa of different mixtures of 5%, 10%, and 20% alcohol is ab&&b, 75%, and 141%
approximately This is because due the presence of isopropanol, if it has fermented nature in émeldl
then it results more chances of decreasingnathigher loads the hydrocarbon emissidthesre the oxygen
content of the bialiesel fuel comes into focus as it improves the processoombustion, and overall

presence of oxygen in its blends helps itatdess hydrocarbon emissiofBabu, Kannan, and Lawrence
2017; Puhan et al. 2007)
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Fig. 5. CO; emissionsat different loads Fig. 6. HC emissions at different loads
Source: compiled by auther Source: compiled by auth®r
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Fig. 7. NO« emissbns at different loads Fig. 8. Smoke emissions at different loads
Source: compiled by auther Source: compiled by dloiors

NOx emissions were tested under various load conditions of different blends is preSérded.
formation of NQ is highly dependnt onthe temperature of the-itylinder, the concentration of oxygen in
the fuel and the time of presence for the reactiowever, at high loads they decreased due to the higher
amount of peak temperature inside the cylinder suppetésie number ofariousblends and the presence of
oxygen is more effective than the latent heat of vaporization of([Ne@gundwar, Paul, and Sharma 2016;
Sanjid et al. 2014)Moreover, shown in Fig. 7 at OMPa hgher load fuel endshave lesser NOby
increasing the amount of alcohol in the blends, whereas lesser amount of alcohol blend i.©435DR
having more value about 4% competing with the other blends of 10% and 20% alcohol blends approximately
2% of dereased value whitrefeence to the diesel. Even the cetane number of isopropanol is lower and
higher in the ignition delay facilitates pnéxed combustion, allowing more fuel to be injected before
ignition can also be another cause for increased NO

For all the testeduel blends lower load was started at MPa, the higher load was OMiPa, smoke
recorded values are higher at the higbads. This is due to decreasing excess air. At the time of the starting
load i.e., 0.2MPa there is a less reductiofi smoke, whileat thelarger load i.e., 0.8Pa there is more
reduction of smoke levels, it happens when the concentration of oxygemés hnd increase in the alcohol
concentration helps to reduce the smoke levels. Fron8Fig5%. 10%, and 20% miuresalcohol derease
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of 39%, 54%, and 66% approximately with reference to the diesel. A lower ratio of carbon/hydrogen also
leads to enéince the rates of combustion and improves in fuel oxidation taking place in the fuel rich region
(Shrivastava, Verma, and Pugazhdrizibil9)

Conclusions

In the presentstudy, threecomponent fuel mixturegroperties, main energy and ecological
characteristics of @diese| of rapeseed oind alcohol based blended fuels were investigatediifferent
loads.Based on thegdifferent loals the fuel blends we analysed with reference to the diesel

1. In case of brake specific fuel consumption, thgults were higher b§%, 10%, and 11%or the
blends of DSOR0O45P5, DSOR0O40P10, D50RP30. Overall, it was foundhatall tested blends showelde
slightly higherBSFC due to the lower calorific value of biofuelsth reference to the diesel

2. By using these variouslends the result ranges were acceptadme found relatively lowen the
brake hermalefficiency of the engineAt the higher lad i.e. 0.8VIPa the 5% alcohol has 2% decrease in
BTE, as the alcohol amount increased from 10% and 20% there is a decrease of 7% andBTE%uto
reducedcombustion efficiency of isopropancbmpared with the diesel fuel.

3. NOy emissions were higheat lower loads, appkimately about6% for D50R0O45P511% for
D50R040P10, and 30% for D5S0RO30P20nount is higher due to lower isopropanol cetane number and
longerignition delay phaseAt higher loadsl0% and 20% alcohol blendscorded2% decreasef NO
emissionshecauseéncreasing the load reduces threllem of long ignition delays.

4. Smoke content for all tested blends was reported lower than diesel. It may be due to the higher
concentration of oxygen and lower C/H ratio in biofuels. In 5% 10%, 8f@ rRixtures of alcoHp smoke
content decreased by 39%%, and 66% approximately.

5. Bio-dieselisopropanolblends contain fuel with a high oxygen content andcaresiderablyfor
better combustion. We can also have partial petrofugireplacement.
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INFLUEN CE OF RME BASED BIODIESEL AND ISOPROPANOL BLENDS WITH DIESEL ON
ENERGY AND ECOLOGICAL INDICATORS OF A C | ENGINE

Sai Manoj. Rayapureddy,J o n as M aAlfiedas Rimkuss
Vilnius Gediminas Technical Universifyaculty of Transport Engineering
Departmenbf AutomobileEngineering

Annotation
This articleshows the influence of Rapeseed Methyl Ester based biodiesel and Isopropanol that is blended in

different proportions withpure Diesel fuel to make D50RE45P5, D5SORME40P10 and D50RME30P20 mixtures that
which are tested and analyzedmpared to that of D10fiel. Various energy and ecological indicators influence to
the Start of Injectior{SOI) are presented in the article. Our study found that D100 a®RBE40P10 found to have
nearly same thermal efficiency at early injection timing. The decrease in @dll aad increase in zontent caused
the reduction in Smoke levels.

Key words: Cl engine Diesel;Biodiesel; Isopropanol; Energy Indicators; Ecologicaicators

Introduction

Rising cemand of fossil fuels and the environmental isghes are caused due toeir useare the
main concernsAsit is not possible toeplacevehicles that use liquid fuels apdy heavy prices faglectric
vehicles made # automotive industrysetheir reurcesin replacingfossil fuels therebydecreaig the
environmentalconcerns( Bur ei ka and Steiglinas 2016; Sgadkowsk
Rajkumar 2017Maghrour Zefreh and Torok 201L8

A recent study revealed thathen propanol ancentration exceeds 15%, the combustion temperature
starts to increase in the biodieg€lamposFernandez et al. 2013nd BTE performance especially in
biodieseldieselpropanol blends (80% / 10% / 10¥Bencheikh et al. 201915% propanol in diesel allows
for improved engine performae, lower smoke and N@at low to medium loads), but also increaB&s-C
due to lower calorific valu¢ k e n ). lnbrdading the propanol percentage to 55% compared to diesel
showed an increase in nitrogen oxide emissions (139% on average), a reduction In neanoxide
emissions (45%) and an increase in.@@issions (17% on an averagdamrozik et al. 2018Yhe blend of
30% EPB alcohols withdiesel fuelimprovesBTE and slightly increases CO (4.2%), UHC (18.9%) and. NO
(5.5%) compared to minerdiesel fuel(Li et al. 2016) Correspondingly, the addition &PB blends (10%
EPBand 90% mineratliesel fue) to 1% water by volume gives an even greater ecological effeCt up to
7.5% and NQup to 12.4% respectiveli et al. 2018) However, using only propanol additiirediesel fuel
and low inlet air temperatures, there is a significant increase in UHC emissions with increasing propanol
concentration in propanatliesel fueblends(Uyumaz 2015)

The key parameter that varies between fossil fuels and biodiesel is the percentage ofBeiagpén
et al. 2018; Dominkovil etEnvicdnmentalyflieddly Bibdiesetrproduces n d = T
clean and renewable energy thus making it the alternative (Adgizas et al. 2018; Patel et al. 2016;
Thangavelu, Ahmed, and Ani 2016 study found that Rapeseed Methyl Ester produced lowerdd©to
lower carbon to hydrogen ratio as comparediesel(lImran et al. 2013)

2. Materials and Methods

2.1. Engine Testing Equipment

The engine used for testingdasl.9 TDI - Turbocharged Direct Injeioin diesel engine with electronic
controlled distribution type fuel pump BOSCH VP37. The start of the injecB@1) (vas controlled by the
Engine Electronic Control Unit (ECU) and it was single injection strategy. The detailed pictorial
representationfdested engine and its parts are mentioned in Figure 1. Test engine parameters are shown in
other authors research@mkus et al. 202, 2019)
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Fig. 1. Pictorial representation of Test Engine

BraketorqueMg (Nm) was determined on a load bench with a measurement error dfiel Bourly
fuel consumptiorBs (kg/h) is determined by electronic weighing scales with 0.5% measurement error. The
pressure in the cylinder was measured with a piezoelectisosenoundd on the glow plug with a
sensitivity of 15.8: 0.09pC/bar. Values for cylinder pressure are recorded Usatnyiew Reabkoftware at
an interval of 0.17€AD. Intake air and exhaust gas temperature wittype thermocouples accurate to
+1.5°C. The gas oncentration in the exhaust gas is determined using a gas afa{lz&iCom400Q

2.2. FuelMixtures and their Properties

100% pure diesel fuatith Density 843kg/m?, Lower Heating Value 42.3 MJ/kg, Cetane number 51
along with mixtures prepard by blendingDiesel (D)with Rapeseed Methyl Ester (RME) based biodiesel
and Isopropanol (Pare used for testingrhe 1%t mixture is preparethy taking50% Diesel, 30% Rapeseed
Methyl Ester and 20% IsopropanmmmelyD50RME30P202™ mixture contains 5% Diesel, 40% Rapeseed
Methyl Ester and 10% Isopropannamely DSORME40P10 and™ mixture contains 50% Diesel, 45%
Rapeseed Methyl Ester and 5% IsopropamaohelyDS0RME45P5.

The properties like Densityf the mixture fuel§D50RME45P5, D50RME40P10 ancbORME30P20)
arecalculated andound to be 855.4g/m?, 850.8kg/m® and844.4kg/m? respectively.The Lower Heating
Value (MJ/kg)(D50RME45P5, DSORME40P10 and DSORME30P20) are found ®0t& 39.55 and 39.05
respectively ad Cetane numbe34.49, 31.84 aoh27.94 respectively.

3. Results and Discussion

Theresults of the experiment were assessed under conditions @)00rpm andBMEP = 0.3MPa.
The graphs of ecological and energy indicators are evaluated at diffigjgiion Timing SOI from 0 to
16 CAD BTDC.

3.1. Energy Indicators

The dependency of BSFC on vertical axis is observed for different injection timing increasing in
circular order from left to right as shown in figureWith increase in the alcohol percentage the BSFC tends
to increase Wth D5S0RME30P20 at the maximum (~99BSFC of desel and all other fuehixtures is found
to be minimum at-89 CAD BTDC.Observing the dependency curve of efficiency on injection timing from
figure 4, whenBMEP = 0.3MPa, BTE of fuel mixture D5SORME30P20 as~1.8% smaller than diesel. The
BTE of fuel blends with 5% and 10% igsmpanol was lower (2.6 1.2%) withSOI=0-6 CAD BTDC, but
with SOI=8-12 CAD BTDC, theBTE of D5ORME45P5 and D5SORME40P10 was the same as.D100
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3.2. Ecological Indicators

Checking the dependency ©arbon Dioxideemissions on injection timing, all the fuels tend to have
a gradual dcrease in emissions with increaséhia injection timingcircularly from left to rightas shown in
figure 5. This was due to a 2.1% decrease in the C/H r&tal{on Mass Fraction of D100, D50RME45P5,
D50RME40P10and D50RME30P20 arealculated to b&6.3%6, 81.025%, 80.15% and 78.4féspectively
and Hydrogen 13.7%, 12.92%, 12.99% and 13.13% respegtiisel found to have more emissions
compared to that of the remaining fuel mixtures. Fuel mixture DSORME40P%Ce@{8sions at various
SOlswere ~1.1% laver than D100As shown in fgure 6, With the increase in alcohol percentage fuel
mixtures tend to have a rise in the hydrocarbon emissions due to the alcoholic nature of the fuel however,
HC emissions are not high compared to petrol enfRirmkus et al. 2019)When observed the dependency
of hydrocarbon emissions with injection timing, it is found that with increase in the alcohol percentage the
emissions tend to increasEmissions of D50RME45P5, D50RME40P10 and D50RME30P20 HC fuel
increased ~ 8%, ~32% and ~58% compared to D10GQitA 6 CAD BTDC. All the fuels except
D50RME30P20, tends to have a decline in the emissions with increase irgteauprio~6 CAD BTDC
when tle angle is further raised, the emissions found to increase steadily.
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The dependency of Nitrogen oxide emissionsrertical axis withlthe injection timingon circular axis
increasing left to rightit is observedhat the emissions tend to rise steadily with increase in the injection
timing as shown in figur&. All fuels tend to follow the similar patterbut when observed carefully it is
found that the emissions of diéseel are4-9% less compared to that dfe remaining fuel mixture€arbon
Mass Fraction of D100, D50RME45P5, D50RME40Pdtl D50RME30P20 arealculated to be)%,
6.059%, 6.868% and8.4®4 respectivelyThe primary reason is the low cetane number of iqugorol and the
increased oxygen concentrti in the fuel mixturethat increaseits ignition delay Study reveals that
difference in emissions is caused due to eamjgction timing (Hunicz et al. 2020)When obseved the
dependency of smoke levels witlijéction timing it is found that the levels tend to decrease with increase in
advancing of the injection timing as shown in fig@&enterestingly, throughout th80I study range (©
16 CAD BTDC), the combustion p®rmance resulted in the largestduction in diesel smoke from
~7.25m* to ~ 4.25m* (~40%), while the DSORME30P20 smoke emission decreased to ~5.7 to ~5 (~12%).
Therefore, whenSOI=0-8 CAD BTDC (low advanced injection timing) the lowest smoke was
D50RME30P20, and wheB0OI=10-16 CAD BTDC (high advanced injection timing) the lowest smoke
D100 fuel.

Conclusions

After taking the energy, ecological and combustion parameters of Diesel 100, D50RME45P5,
D50RME40P10 and D50RME30P20 an Turbocharged Directnjection diesel engine under tigt
conditions of speed of 2000rpm and under various loads and injection timings, the following conclusions
are made:

1. The addition ofRapeseedMethyl Esterand Isopropanoreduced thd.ower Heating Valueand
Cetane Nimberof fuel blendsat the same timmcreasng the O, Concentratiorin themixturesand lowemng
the C/H ratio.

2. TheBTE of DSORME30P20s found to badecreasedby nearly1.8% compared to that of D100
because of th&.7% reduction inLower Heating Value and change in combustion proce$¥hen the
injection timing is nearly ZAD BTDC maximumefficiency of DSORME40P10and D100 are found to be
sameThisis achievediue to the lowr cetane numbesf Isopropanol.

3. With Early injection timing NO, emissions in@ased but the influence of alcohol decreases.

4. The decrease i€/H ratios and increasa O, content in the fuetaused the reduction in Smoke
levels In the case of early injection timing, the smokiness of the fuel mix chajdgeseases) less
intensivelydue to the changed fuel characteristics compared to pure diesel fuel.

5. At BMEP=0.3MPa, mean rotation speed £ 2000rpm), fixed injection timing $OI=6 CAD
BTDC), the replacement of diesel with fuel blends with increasileghol concentration resetl in a
decrease in cetane number ignition delay fromCA®D to ~6CAD, ~7CAD and ~8CAD. Increased
ignition delay and higher oxygen content in the fuel during the premixed combustion phase increased the
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heat release intensiby ~8%, ~19% and ~44%. Dugrthe diffusion combustion phase, the combustion heat
of all the fuels examined is similar in intensity
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VARIKLIO ENERGETI NIAMS IR EKOLOGINIAMS RODIKLIAMS

Santrauka

Gi s stnagpemippsad metil o esterio pagrindu pagaminto

skirtingomi s proporcij omiORME4SRE, DSORNMBAOP10diy RSORMEROR20 e doF la® N
mi gi ni ams, kurie yr a lyginght posdy D100 degalsi.an &t r auppamje pate
energetiniai i r ek ol Dopgu rngokai anddiugictlia kad DEOO ir DSORMEMRDL G a @it y s mi n i
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fektyvumas buvo beveik vienodas ankstyvojo Dpurgki mo
i eki o d lumiamg gismo
Ra k t a §:®Ud dpiikhsidyzelinas biodyzelinasizopropanolisenergetiniai rodikligiekologinii rodikliai.
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SLAGIONIUGDEGI MO VARI KLI O, VEI KI ANLI ODDMMIGIRBAI S DE
DYZELI NU, TYRI M0 APGVALGA

Airidas Val entas Baranaugas, Alfredas Rimkus, Salius Stravinskas
Vilniaus Gedimino Technikos Universitetas

Anotacija

Atlikta apgval gakatieik smedemeanvi mbOtyri mO, kuriuose a
vari klio energeti mOOpomalblkralblo@inmumrtN epkéd ginltd odnvap Omi gi via
Apgvel gi amos bi ody z &dndenils naudojantasekiamtpja® psavybés. | &4t N duj o
variklio rodiklius. S| a gquigrdieay i mo v ar i kidubus degalysa ukduorjiaen t p adgeauniinnta n liigd agta
galima reikgmingai sumagi npdiuj @i letmn @ inijedas srBéglo ik j S lkpet lioi aor
emi sij N.

Rei kgmini.gdi agionigoailgdegi mo varvakdeniis, biodyzelinas, I

jvadas

Sl agi ni o(SU)yatidiajyr mo pl al i ai naudoj ami pasaulyje d
patikimumo, pritailomumoir ned d e | éishﬁ Kagnesuvarikliai sparli ai pri
daklenksmi ng @eil @ medegdi MGy n t i gvikstaatpil i DZklowsr N ar g a, i gs ki

tergal us: anglies monoks)ladgha\ar(dehlms)(CH)aamlg)lok5|dus(N@|ok5|
kietagas daleles (KD)(Mikosz, 2015) Di d gi aeu sgiiM miN povei kDZ or o kokyhb
i gmet amos, KD gimet AA@osi os duj os kaupi asir lag gitoadtjfd®zZr o
(Khatri and Khatrj 2020) Taip patk i et osi os dal el as yra pavojingos ¢

vari kli O igmetamosiose dujose egaklaitoas lemglkhaamizagad
kancerogeniniaifChen et al. 2018) Norint magi nti aplinkos usgt er g
energijos galtinius.

Alternatyd sdegalaid a g ni a ugaiimamii yr at si naujinanli O energij
degalaj kurie yra naudojamk a i p iOgle aysptlai®naii t al a s aliejug alkolyolisd lalujosi
vandenilis. déide!l dega@li @i amar iDZ ak N I(RmhaetahIZOla)G]ant (
alternatyvusdegdai y r a pagaminti i g bi ologini O, gemas T ki
atsinaujinan]i O galtiniO atliekos atli(DeheaetalvarbO
2020)

Bi oduj os, d & hplinkokaagmip privalomo g a | i b1 ti naudoj amos S
papi |l domi ir p a gsraipnjdvi atksgmemalizlietib a loaiuj O Gii @ wekaigd e ni | i

papildorrf)dega(:)s U vari kliui v e in&dojano galinaylbesSkekiamehgze@ dj amt mok s
[ i t e atl&ktt SUrvalikio v e i k i bsoodytelindbiodujpo mi s ener get imodi kilri Ge kpod ke
apgvmamiNl domai t. ekiant vandeni |l DZ

Biodyzelinos a v yabpi §&v a | g a

Biodyzelinas (skystas kuras)ayr net oksi gkas, atsinaujinantis [
perspektyviausia alternatyvi energija dyzeliniams varikliams. Biodyzelinas gaminamas transesterinimo
proceso metu naudoj ant atsinaujinanl| i us gydmiamas T k
riebal ai i s(Yoan ktyaly, 20 0a%t )l .i eKkioody zel ino kokybnid daugiau
g al i @Bdyjelmas naudingatio, kad jis magina arbag,COICHpKMha si €
i gmeti mN degi mb magoesoemesukdaklo, magali aromat.i

Be to, biodyzelinat engvai vagsktdgpae dal siaingt kyakii Iniaa u sa, u klgyt goi ncae
dyzelinu(Yoonet al.,2009)

Neste ANexBTLfA bi odyaojedegalai,akati,s | yirgd np @l ygjidreigs mo
biodyzelinas yra 1086 pagami ntas i g atsinaujinan|li O ¢galiavO
perdirbimo proces(Naylor and Higgins2018Y)Augal i ni ai aliejai paverl| i ami
hidrogenolizds bidu. @i suprotcesas apfpausns de@gawn
naftosd y z ¢ | ion N\n e DZSimghoSdilyrameniaand Garg2018) | g s k y r ,INexBTiL atitirkéDZ
visus Europos standarto EN 590 reikalavimus dyzelisid@galams2016 mru g s a j . tik kelidseg ase
(Suomija, Lietuva, Latvija, Rusi ¢§i aur &s v ak awkama gemmii me&kkgmaa dAoN eex)B T L |
NESTE dyzeliny ¢gund&mi p APro Dieseli, kurMNiexBdadat eog odym
(Z6ldy, 2011 Neste 2017) ANe x BTLA bkatdykefriomase galtiniuose dal
Veget alh HEO. 10e i ti ephly@ipirauipateikosHVO biodyzelim s avybas ir reikal:
pagal EN590 standartus.
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ll entel a
HVO savybas ir EN590 standarto reikal

Savybas Degalai
HVO (NexBTL100) EN590 standarto reikalavimai
Kinematina %Il ampa, m29i35 2,01 45
Tankis, esant 40 °C, kghn 7751 785 8201 845
Vandens kiekis, % 0,0020 Max 0,02
Cetaninis skailius 841 99 Min 51
Gemutinda gilumingumo|~44 ~43

(G hinis: Neste 2017)

Pagalll e ngdedmanig al i ma past eb atatitinka kexaik visly EN53D stgndarta i
rei kal avi mus, i gskyrus tankDZ de@iadhGak inri tOu maua v yri
angliavandeniliai yr,a magosiomolhaerkijgdingi B . Dogsad|6d
degalussudaro apie 1560% ( pagalprt ki BZus o BTloo ,s elzidldyeainasiNtsedxi s
2017).

Bi odwug Wyabpigdr al g a

Biodujos (dujinai degalai), naudojams | a g i n i o vankigje waglaikonba | t er nat yvi u
energijos gladitdamti uDZ jad sdngsdujogd ayrka mMla ged n DZk@a v e i k DZ t
i § k aais skiyshi$ degalais Dujos i gJa un amas anaerobiniu bl du fer mer
s Nvart yamruaesreo biirni u bl du skaidant dumbl N, augal us,
organines gyvulines atliekéRahmouniet al.,2002)

Pagrindind bioduj® (BD) sWd edhpmajsilangbbwabdendlis y r a
Lyginant BD su gamtinamis dujomis (GD), ¢gios skiria
pagrindina siunveetdaannaosj.i Edsamiinsi s skirtumas tarp GD i
daugiau anglies dioksido ngia mt i n & sGa md i jn ® Hé d wjw@Gitri s pat Metdnasa 2 |
(CH) yra pagrindinis bi ediuriCodkbimaaukagntesani 6 a mike ah |
savaiminio ugsi pagiimy mi erdp ereastnii rudrsaa tiskaraas vakliams,d et o n
turintiems aukgtNosus$pyagiudiamso IsangligkiekdZsnet@ne tdity pateylai n u
gana magasumbagdfhb | gmetkaummO & esrugdaligky (Trieaseyandaomizardig | i s |,
2009) T a | ,ibiadujoseess#tisangl i es di oksi das magina degi mo temp

X i 2l entela
Gamtini O dujO ir biodujO sudati s

Komponentas G.a_ mt ! .n 8 s qudgjos -
Tipinis dydis, % Tipinis dydis, %
Metanas 94,9 55-65
Etanas 2,5
Propanas 0,2
Isobutanas 0,03
n-Butanas 0,03
Isopentanas 0,01
n-Pentanas 0,01
Heksanas 0,01
Azotas 1,6 0-10
Angliesdioksidas 0,7 30- 40
Deguonis 0,02 07 01
Vandenilis padsakai 0-1
Ga |l t(Khatii and Khatrj 2020 Demirbas,2010
3 lenteldaje pateiktos dvigubandsdegahnasiskitiaeiy bi:
t y r @icase and Lombardi, 200%ahoo et al., 200Ronstatuoja, kadiboduj O okt ani ni s
sNI ygi niadgpide dled gbw(iddol suH &t yje), todal ¢gios dujos
yra tinkamos naudoti sl &giniio tugrdiegaumogtvMrs kd li &igis
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i ) 3Ienﬁte|é’1
Gamt i ni O duj O, dyzelinio, bi oduj O, van

Savybas Dyzelinas | Ga mt i n a d Biodujos Vandenilis
Gemutinis ¢gilumingumagi425 48,6 21,7 118,8
Stechiometrinio migini?279 2.67 - -
Cetaninis skailius 52,1 - - -
Oktaniriss kai | i us 130 120 130
Savaiminio ugsill epsng 180'220 650 813 585
Stechiometrinis r o/ dqi4s 17,2 9,5 34
Anglies dalis, % 87 75 Nara dudg-

Ga | t(Khatii and Khatri 2020\Demirbas, A2010)

Kadangi bioduj O savaiminio 83ALCi)de @i Bd tvamp & a tul
takto pabaigoje oro temKe28°C) rekalinfFskysiidenataibi bHop O a
u g d e g(Bamauei al, 2014) Be t o, bi oduDZd H tswamit yspdHash sur Dpr a:
naudojant biodujas kaip pagrindis degalusy r a ¢genklIl i ai sumagi nama angl i
i gmeti mo sistemoje.

Bi od|w1a®1den| l i o miginio panmwarikiogei mas sl agini o u

Nagr i naj an tlus skinyjs ivamikliams, biodejamdogerusi g met amOj énerdeniog al O
efektyvumo rezultatydyginant su kitais biodegalais (Borjessand Mattiasson2008) T a | ,ib@dujose
yra nemagas ki(€Rirl) i nkuot i BDBakhapgiOmgu mir éirt DZi etpain o
sl aginio ugdegi modu;asarerlergeltlnex:haraktgrrsm(as &verhat al.22817) S| &gi ni o
ugdegi mo \xelalanidmguh)aimgal 0 nred (gii murpmeE Kd usj dasireigki a
varikioa p k r, o lv @g Gailkdionefektyvunui ir augani g me t a mOj Oui (I\/Ial«argvaacller@at i eki
2013.Li teratiroje apibragpamesi tdé&dal Gha§ aer@imdeegjaahsQyy s
santykis(Boraand Saha?2016)

Turint omenyje technines problemasisijusias subiodul0 de,gi moks| o bkapdr uom

sprendimo bl dN sillo DZbiodujas DZaiigfyudi kledmaN
geresnbZ degal & nNsnii .o Brevandmiliol degehbs greitinsaggal at
bi oduj O | i e p srimbddeginy rchaiakieDdtika@ark gt alg201). Vandeni | i o pri pi
bi odujas nar a aSlueilentarmlgasggarlengaurmsrgalealo@nmsrenﬂta{usgallma
vandenilio ir bi oduj O mi gi nub eleitrod generatoridose] eafomdse g a b
vidaus degimo varikliO daratkagsepertaoi pasempagmsna
montuoti vandenilisaugyklas

Guo ir kt. mr od a, kad | i elpilstnios i Isgasnias, gjaéii DZ met a
Mokslininkai nust at a, kad vendieni bi sgpabgezlp saojiiend rpiaky:

priegasl|i O: didelis Isioepkhdgygi amaitt issd iidrevdrgemiliva s Dla ¢
di fuzijos g#A CHyj @as)rdegigno intensyvuméuoet al.,2005)

Tam tikrN DfvalgN patei kd ZWEH+800%C) . j r kibi os up
vandeni | giolinimgfektyvanioOh ar akt eri smekasvaBdediymdo ki eki :
nuo 0% iki 10%. Didinant wyandig®i hio WgskDZIepsnoljygimad r i bo
su biodujomigZhenet al.,2014)

DviejoO eg@ld@gs mdgivmir o klii o veiki mas

DviejO eg a\Aar(BI|U|d/eekgimtmodumm|3| biodyzeliny skatina vidaus degimo variklio
gvariojo deg| mo regi mN , kuris sutetiikela KRI i ;b
ugti krin antwaarutklgrtg‘{ll | uany meDZ ief ekt @ vdiendNi. n iDujiviaedegdiaiidlelgy j
tiekiami DZ DZANuobNmMm su juo susimai go ir (.iSuusmidgit mgs mDz
savaime neugsidsgals@®dai miavioo awdrga tdienga snlot atneimmpi o s
S 4gi mo t akaroa up Ob anid @ g @ODZ d e Pipma § kiadywetiro Megimo liepsna
Taigi, t a i | ei dgia degti | abai |l i esiems migini ams, e
i gsi s KYyponiand aeg2011)

Seung Hyun YodqYoon and Lee2011)i gt y r &d @ g iddgidmosavybes iDZ ak N ma gi n
i gmetamOj O tergal O kiekDZ dyzeliniame varvidsyj e.
degalais (dyzelinubei biodyzeling ir dvigubas degalais (biodujomis ir dyzelinu bei biodujomis ir
biodyzelinu). Tyrimo duomenys pateikti e nt.el aj e
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4 |l entel a
Tyrimo duomenys

Testuojami degalai Bi odujos, biodyzelinas,
Variklio slkiai 2000 (mint)
Augini mo skyslio temper al70£1(°C)
Alyvos temperatira 70+1 (°C)
Gemo sieringumo dyzelina

VienO d ergead iOma s Biodyzelinas (100 %)

Bi odujos + gemo sieringu

DviejOrdggmao Biodujos + biodyzelinas

Duj O Dpurgkimo sl agis 0,4 (MPa)
Duj O Dpur gki mo momentas VGT
JpurgkiamO duj O masa 36,6+1,7 (mg/cikl.)

Pagrindinio Dpugki mo sl a(12(MPa)

Pagrindinio Dpurgkimo mo(12 (laipsni O iki VGT)

Pripltimo sléagis 0,02 (MPa)

Variklio apkrova 20; 40, 60; 80; 100 %

Gal t(Yoon and Le2011)

lpav. parodyta NOk oncentracija i ¢gmet aeikiansdu visne irdvigupaiss e Vv &
decdlais. Matoma kaivar i kl i o apkrova xbkhadtdaf rnacipjaai dapgas Ok
Dvigut@gal O eksplvd astaanei ra@ kmavarilui eikiantpiralyzelimuér biodyzelinu,

i gmet amas §y mix&iekis, paygietissnrezsltatais Qyautais varikliui veikiant tik skystais
degalaisP a t i ma ¢« koacergracgaudtb@tan audoj ant ¢gemo si eringumo dy

Naudoj ant vi e nrovarikliui Veikianeb®dyzkling, AQ koscentracija esd bet kokia
variklio apkrovaiy r a di desna | yginant Ssu gemo sieringumo
p a ai glkldsnetdeéguonies koncentracija degaluose ir intensyvesniu deginida | to susidar
di desnis maksi mal us adodajpaskatinosusidagdidesnesgjri | tuerm,pediissiast NiOr
(Yoon and Lee 2011)

Dviej O degal O n awukboceniratipsi g me e mo s i W@ o daik iowsai z ¢
ma g és¢-M0%)vi sai s variklio apkrovimo atvejais | yginai
kad bioduj O s(t46%)tkyrioseveikjarkaipi G@et amOj O duj & urmeadii rnkdwaln
l i epsnos plitimo greitDbDZ @il umo sN(MugtafiasdkRaineRO®PH | nt e
(Bahmaret al.,2007)

240
©- - Zemo sieringumo dyzelinas A 500 O- - Zemo sieingumo dyzeinas
210 [ ~A- siodyzelinas A Bod
E ® -Zemo ngumo dyzeinas + Bodujos ° 400 + @ - Zemo sieringumo dyzeiinas + Biodujos
180 —A— Biodyzelinas + Biodujos : A— Biodyzeinas + Biodujos
- 300 | ~—_ :
T 150 ‘ " 2
o - e 2
g 120f A € 200} S g
o " S R |
> 90 W A Q 1004 ¥
o Y T 1
B0 4
_—A 20
01 S 9 POTITTreY o gl 0
Y ey 10 & = 4 & —A
or #— : N . .
20 40 60 80 100 0 N
g 20 0 80 80 100
klio apk
b e Variklio apkrova(%)
lpavvAzot o oksi dO em 2pav.Angl i avandeni | i
Gal t(¥oon and Leg2011) Gal t(¥oon asd ke 2011)

LyginantCHi r CO i gmet amOj Gs kurmspgvaizddtakRiBmaent gali jna pa
kad,e s an't DZ airioms variklio apkrovmomoengi | rbad odggiemao n |
(CHirCOOkoncentraci | oasi mh g esnei aykdhe tek wadikijui veikiant vieneriais
degalais tiek naudojant dvigubus degalus M ady€HsirrCO emisijosp a a i ¢g k i nkadrbiodyzelina o
sudatyje Yor deguonigs, laurisDX 1a kyergs®Z ( pi | ne s n DJ dedireNg Beotp, o mi
biodyzelinui rek al i ngas magesnis oro kiekis siekidaamgals@ ec
mi ¢ i rektywiau degfi degimo kamerojelatniekset al.,2005;Yoon and Leg2011)
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A~ Biody s
50 Zemo mo dyzefinas + Biodujos % )
008 | —a Blodyzel "5;‘5°=“<"’5 o : ‘B'ocyz.evrajoso;{_:o.s e 2 / / ‘
o > 450 P
A
~ 006 o .- A —A_ —~ =
3 ¢ s g a0} e 2
5 . - ' A’///"/
el 8 a5t A
30} Pl
002+ o o /,_A‘;/’
25} A
A A o 7.} .} P
0.00 1 . L - 4 20 Q/' L L A L
20 40 » sok , 80 100 20 20 &0 30 100
¥ariklinapkrcia( ) Variklio apkrova(%)
3 pav.CO emisija 4 pav.CO; emisija
Gal t(Voon and Leg2011) Gal t(Voon and Leg2011)
4 pav. pavaizduotm anglies dioksido (C€ koncentracip s i § me tdajoseess aorste DZ ai r i

variklio apkrovoms, kai bandomas viéd e g & O r ¢ k dvigubisdegalai Ne p aiesmo©H ma ¢
santykio, biodyzel phiaskDZgmet aawd djja mtu sGONoglm tCa mar
magi ausi aki kefirdi faDEadi U variklio, varomo liodyzelinu,i g me t a glaekis yi@ O
absorbuojamassugan!| i Ogakgali @ gi e dedgalddil ibi odgmehamas
sukelianliwi gmgesmBZ BD apl i nksNYoonraedi Leer2@l1)tBwdujosdy z e |
papl domai ma i red edkitINt rsadhi¢ IOi @ mli is® | ClO

l gvados

1. Biodujos yra tinkamos naudot.i sl aginio ugdec
skailiaus, kuris DZiakojN atsparumN detonaciijai.

2. DviejO degal O degi mhiodujerss; biodyzelinukskatina ividavsedegirio a n t
vari klio gvariojo degimo regi mN, kurtiiseks ukDeiikg nae tgi

ugtikrinant aukgtN, dyzelinui artimN, giluminDZef
3. Varikliui veikiant biodyzelinu ir biodp mi gagesenam CH ir CO emisijc
kad biodyzelipo%sdelét:ghieeyrakapie DAlakoja ger esnD:

4. J bioduj O sudatdZ daijia arpiugi rviamdeqdilliioepsnoj i mo
5. SIé’lAginio ugdegi mo vari kI io kigkik yra absorbuojantas o dy z
augan]i O augal O i g kuri O gie degal ai i r gaminami

COi gmeti mN DZaplinkN, nei naftos dyzelinas.
6. Biodujospapi | domai magina ¢gil tadamiOo eafiesktiNN.sukel i a
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A REVIEW ON PERFORMANCE OF DIESEL ENGINE WORKING IN DUAL FUEL MODE 1 GAS AND
DIESEL

Summary
We make a review of experimental and digitebdelling of researches which analyzes the changes of ecological
and energy parameters of compression ignition engine wehimake is filed by additional gas anddmggen mixture.
Also analyzingthe properties of biogas and biodiesel. The hydrogen is used terateeslow gas combustion and
improve engine performance. Compression ignition engine working in dual fuel mode which are made from renewable
sources can significantly reduce greenhouse gas emission. The additional biogas reduces emissions of diémgen oxi
Key words: compression ignition engine, biodiesel, biogas, hydrogen.
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AUTOMOBI LI 6 TRANSPORTO TARGOS EMI S1'J6 MAGI NI MO
| GKASTI NI US DEGALUS PAKEI LI AMINAMAIGD\BGUBANS L | EKO G
BIODEGALAIS

Edvi nas BAlffedasRinkus,sS,aul i us Strayinskas, Jonas
Vil niaus tdzanokoedijamgi j O i r

Anotacija

Straipsnyje pateikiami ir analizuoj ami s | &gyizreild niNg
pakeitus dvigubaibiodegalais Pirmame bandymo etap@rtu sudyzelinu buvo tiekiamosbiodujos kuri O ener
dalis suda &0 %, 60% ir 80%. Antrame etape vietoje dyzelino naudotasros kartosiodyzelinasHVO kartu su
biodujamis, kuri O energlpgbsgklal kai puvo mpitmoymeno EBDAdujeks ant
dujas (60% t 1 ir anglies dioksitll (40% t 1. Lyigioajni anglies dioksidp angl i es monoksi do,
angl i av,aarzdoemi ldkbsbd®O dmmshnp Gdmoz eploiknyN imakei tus biodyzel
k 0o n ¢ e n Naudojamtgviubus biodegals, kuriuose didinama bioddj kment r aci j a, samd®i nar
koncentracija deginiuose ir jO dimingumas.

Rei k gmi ni:dyrelingsohiodyzetinas, biodujos, dvigubi degalai r @nasijoé)

j vadas

Norss| dgi ni o(SWgdegkmoais apripintghashueomubj ki Ga:
dyzelinuv ar o mi automobiliai i glieka viena dadgniausi ai
aplinkosaugini O @wti kmd mive imDO dmpa @il niirerkoa kJ iaeursu madg 4d k
Sl1 &gi ni o vankijail @ @ium® d a mi dyzel i nNkKabsp d¢gaqirhahan| s DZ
kenksmingas chemines med),i ag@asy:l i agotnoonoksi dNs (
angliavandenilius (CH), taip pat i fzi gk ai k e n k s dalelesgbaissuiki i.uest QN sui oal sa i K i
autorobi 1l i O varikliai apripinami DZXZairiohkiiet &ed kd anli
filtrais, i gmet amOj O duj O recirkuliacigloai svisg ie
sumaginti kenkemisiji agOymadabhgidO sudidti agkhkad abdéat nat
degal ai , kuri e, skirtingai nei i gkastiniai degal

priemai gOmi ntelrchildn nds kTaimad eide giasumane ntde ngil li tari a mi
sukelan| i O angl i §s didij ©k is i ethisips¢ CPa | O

Bi odegal O panaudoji mo galimybds naudojant dvi gt

Di dgi ofidgdal os ugddegi o yv ar igllmi @ a mai naftps.Tiajdk ast i n
degal O rinkoje yra nemagai al tienumparoyg kafos Bguyzelisot i e m:
rapsO metRMEpiki argrosekarioObiodyzelinoHYO - angl. Hydratated vegetable oily
aukgtesni O kart O, ak s myb@®ggliain ad jialnocsa gl a0 r. i ofsa | b iaw
siekiantpanaudoti didesnndai odedol ®ighaili ¥ atr O, Patiskana g a i
S U v a tyrimksnauddjant dvigubus degalub:y z eil biodujiis

Biodujos puvimo pocesometususidaroi ¢ mai st o atl i ek O, augal O, m &
Biodujoseesantis metanas (GHgali susidaryti nuo 50 iki 7% b i o d u j. Bodujabirggor y ni fus i k
metanogaunamas biometandsjriss a v o s aprilygstasmi ssl & gattoirm @ ms  SGD)j(ams  (
Costa Gomez, 2013Nor s tyri mO atli kta palyginus daug, t al
Mahl a et al ., 2i0llBonmmau s tsad apPzijwrgbipaqu oru tieki at
temperat | sums@gciimaisndrTeai paai g,ki siadnar andgilbdi ealpuifedo 4 &
v i s inédlyavimu degimo proceseSuma gadj is sl Agi s DX akoejmpemadés mi
oksi dOski gkmet amoByi rofsjeaid uy aapitdentaifigkiant j bgogpuj as maga
pripldy mas gvi egi u onrew,i stigkali t dyuadliaklaeggasi O angl i av
anglies monoksidemi si j O pRagdidndimNads dyzelino, biodyzelin
fizthendh@savsybas pateiktos 1 lentel aaje.

1 lentel a
Pagrindinds degal O savybas

Gamtina

Savybas Dyzelinas HVO dui Biodujos
ujos
Gemutinis g@gilumi|ld425 44.1 50.0 19.1
Cetaninis skaili|b21 > 70.0 - -
Oktaninis skaili]- - > 120 130

Savai miiagnojma gsi l

temperatira 180-220 - 650 600650
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Stechiometrinis 14.3 i 17.2 6.17
kg/kg

Anglies dalis, % 87 84.36 75 -
Ugsiliepsnoji mo |0675 - 5-15 7.514

Ga | tDiloriost:al., 2017 Mansor et al., 201 Aerma et al., 201,8Rahman and Ramesh)1, Sarkar and Saha,
2018 Li et al., 2019

Norsbi odyzelino ir bi oduj O panaudoj i mo gahédmgbas
randama tyrlnga,mlkOJy$uJ|oser s kl uj i n haadojand kadud(évigubi degala)b | t O
nustatant i O e kToy roigmm DZ iekf selka sy:v uimlt i r t i sl aginio

galimybesi gkastinius degal us p ak dviglibaisahiotegalai§ bidoyzairautirl i e k O
biodujomis.

Tyrimo metodika

Bandymai at !l i kti naudoj ant s | & ga maitinimo usigten®je i mo
naudojamae | ekt roni kos valdomas BOSCH VP37 ski risst omo]j
Variklio pagrindiniai parametrai pateik-o j e | ejnrt e @iij &n't dvi gubNamenai t i r

variklyje buvo sumontuotpapildomad uj © mai t i ni nuel Efpigas -tDegammiy, D kailr i f sut e
galimybn el ekdamtni ojGh) parvipk.igagd igamt i ni O duj O tirio
(CHs). Lygi agrel i ai GD tieki ambwj osnglkersi Od vk ideekgii sni D ¢
reguliatoriumi Palaikanh u mat yt N ¢gi O & @D irt40% CO) imiuatostbipdujbe (RN
GO duj O miginys tieki.&/mas kpiioeg otdiukholOompymresnuri O ¢
i ¢ tyrAaspateiktas schemojd pav.).

2l ent el a

Sl aginio ugdegimo variklio 1Z pagrindin
Parametras Vert a
Variklio daj binis tI] 1986
Cilindrd skailius 4
Susl agimo | aipsni s 19,5
StT moklio skersmuo 79,5
Stimoklio eiga (mm) 95,5
Galia (kW) 66 (4000 mir)
Sukimo momentas (Nm) 180 (2000i 2500 mint)
Degal O purkgtuvo at g 190
J siurbi mo amgtuvas 4 13AAV prieg VGT
] siurbimo vogtuvas | 25°AV po AGT
Il gmeti mo vogtuvas at 28°AVprieg AGT
Il gmeti mo vogtuvas u( 19°AV po VGT
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Jsiurbiamo oro

temperatiros limet o dui
L Smetamyjy dujy| _ -
utiklis Diamomatis
Oras 3 analizatorius ] . . .
=> A Ismetamosios dU]OS
II Turbokompresorius
Oro masés ZH — % 1
matuoklé E =
~ Q  Cwupurstuvas T T oo Cilindro slégio reik$§miy L
(e} 6] jradymo jranga i
Q i
< Slégio i — i
reguliatoriu. = 2 P —————————e Dega{uu_aurs{amo kampo }(.J
El S = 1 'W reguliavimo jranga i
, . .2 L5 4 H
_QU.W ma:ses_ 5 = Degaly talpa . !
matuoklis = iurbl Svarstyklés !
Sturolys Degaly jpurskimo momento }é !
2 Reduktorius- ) _Degaly jpuskimo momento \1ustatymo jranga i
= matavimo jranga P
-
3 ! Variklio sakiy ir
3 lé Ly @) Alkiininio veleno | K . [f, ;
b g S 9 e e apkrovos jrasymo jranga
> .9 § = 9 13 ¥ padéties jutiklis |
==
33 s 8 §3 B ’ ’
'g g. Jungiamasis
d‘ Q \ a8 ) @) & Variklio apkrovos
Q 1G] @ - jrenginys
_l
Variklis

Pav.1Var i

/ kK1 i
Gal tinis:

0 bandymo

sudaryta

Dz anga
autori O

Variklio stabdymomomentasMsi r v e liaenmostatgtil agkrovos stendsi 15543 Ms matavimo
paklaida #1,23Nm. Sky st Ov d b g & H & N érasiatyimsnaudojantelektronires svarstykds Sk-
5000i r chrondmgtad d sNnaudO 9%h.aGamtvii stojos ir paagkes dvidegas 0, 5
tieckiames i g at s ki s NDn doudtatygodvi@matskiraigd@ j O metuskhais Massflowmeter
Type RHM 015kuriOtikslumas 0,1%. J si ur bi austatytamatumkleBQRSERE HFM5, kurios
tikslumas 2. si ur bi amo or o ienpe riggtnistya kK@ji G od ujed® mbpor omi
tikslumas +1.5°C. | g met amO) tkeonjcaentr acij a i gmet amosi ose d
anal i AWDiCom 4800CO; matavimo tiksluma$ 0.1% t 1 r i Q1% C1Ol r i bppm, CIE
i 1p p m,minguiro (absorbcijos koeficien) i 0.01m™.

Bandymo metu buvo imituojamadsngvojo automobiliov a § i avi mas miages50km/h s NI y g
g r e.i Buvou nustatyti vidutiniai & r i k| i o(n=8000min iir variklio stabdymo pkrova
(Ms=45Nm). Siekiart tiksl i au DZ er t i n @idymaiiatbktiautj jOu nOfuask Nd egh ni O r
vogtmeglal O Dpur gki mo pradgi os moment=8=alwkilniiemo e
(AV)privédg guti nDYGIal i nDZt agkN (

fpur gkimtm® i gas dulf O |PXeattd wla et@rgijakiasudaryti am ti kr N ¢
| i

degal O energijos. 2dyjgd amasd iDEieu d ti enkainrti€aik @@jaiguriO t 1 r

sudaryti40% duj O mi TokstGDo CQ@d uji ® . mi ¢ iaBD. Bandynmi atliktidigkiant djas

DZ airiai s srautai s, ugti kri n &mn40%kea% ir 3BodijsO edegr
energijos Bioduj O energijos Hpa%idyzegriafha&upsaé elmsymat

pagymatas HVO.

Tyrimorezultataii r j O aptari mas

Tyrimo metu surinktskidukédmn®mni,n k@ iipg koesgraraciajsd t
varikliui veikiant dvigubais degalaistyzeliru (D) ir biodujomis (BD) bei biodyzelinu (HVO) ithiodujomis
(BD). Tyrimometustb 4t O i gmet amOj O tergal O emisijO pokylio
mi ¢ i Bay) pawvaizfuotografikuose (pav2i 7).

Di di nant bi oduj ® koncentracijN degal uaareBDor o |
dega kartu su Drasu HVO (pav.2). BD energijos Wal®Z pamge rdti emlulhj u ki s
nes biodujos ugi ma Varkliuh naudojantHMO, angliesDdioksido(COJ emisgos
sumagag¥al ygi nant su DfnesaHy/® idegaluossadtykizred ii nma gs BDu ang
energijos dedl%wbizedikd iaman t€CiOj bis p a(pdav.8).aj Tonloi anar éi di na
energijos dal DZ angl i eisaudbjantHvG ir susilygiransu €erdgdikliais, kaip g a s ¢
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pilotinius deyalus naudojant DGi u o a t;\emigijai ~8,@0 di desna palyginus su
Anglies dioksido ki ediaa iKrlii eowa WgaDZbeos asr\tl ywioaeniiesd ogrma | i
dioksido kiekiu biodujoséMahla et al., 2018).

4 4,5
M;: 4 N:.lln,l M,=45Nm 4,42 4,42
2 e gzﬁoogv P”es VGT 4’4 ?9=2602?\r\r;l;rlie§VGT
3,01 3,00 4,3
3 mD HVO
4,2
2,5 2,26 230 Bi 4,10
< g4l 4,06
2
4
1,5 39 3,90
! 3,8
0,5 3,7
0 36
0% 40%  Egp % 0% Egp %
Pav. 20ro pertekliaus koeficiento pokytls Pav. 3Ang| ies dioksido
Galtinis: sudaryta Galtinis: sudaryta
Di dadjant biodujO energijos kiekiui anglies mo
intensyvi ai ayjﬁg:sahi(BsE(blﬁjOQSOIsaeriéiag mages’nDZdeﬂgimo N
t ai pabl ogina angliavandewinbk®i ¢ga | eNMi vikjsOdapaidj N.
Makarevil|liena et al., 2013. Pastebi mma pibtieiam del i
ugdegi mui naudotN dyzelinN pakeitus HVO biodyzel
santykDe#ban mobempulinn grandinn ir | engviau oksid
Nesudegusi O angliavandeni |l i O pfo&sbgilindenteiscilijdos pr |
pripildymo gviegiu oru. Dal bi odujose esaniriNo an

(pav.2), taip pat kr ent a degi mo tempeAratTra (Mahl a et al
intensyviaiauga nesie guan @l i avemdsenij bs O t dvigibasudegalaiv@ o B, n t
lyginant suD ir BD, CH koncentracija e g y 2,59%4)s u ma § a j6@i 8@% Eor(pav. 5).

> M, =45 Nm 0.28 0,28 - M,=45Nm 46267
n=2000 min"! 450 n=2000 min"!
0,25 @=06° AVpru.sVGT 400 @ =6°AV prie VGT
uD 22 mD HVO
02 - 350
; 0,16 0,16 5300 25633 25520
0,15 2250 1
200
0,1 157,00 160,00
150
0,05 100
0,01 0,01 * 8,60 10,33
0 — 0 —
0%  Egp % 60% 80% 0% 40%  Epp % 60%
Pav.4An_ines monoksi do Pav.5Nesqdegu'sO angl i avasad:
Galtinis: sudaryta Galtinis: sudaryta
DI mi ngwma gaj i mui §%)rd&rd dyzNlindyikeitrds HVO Bididyzelinu, nes HVO
turi magesnDZ C/H santykDZ bei paprastesnnBmoldekol i
energetinas koncentracijos dldapi gesktiupassomadbdj
dyzelinN pakeilia dujose esantis metanas, kuri s
naudoj ant kartu su Hpa§ebidalsmitnigku mBD nmeanjeirj g injacss%.k onc e
Bi oduj Os kencentragijai jpasiekus 8 i r pil otiniam ugdegi mui naud
dl mi nguma% ma @ygnan8s grynu dyzelinu (paé).
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DyzelinN pakeitus HVO%babpdiyaehbknssumdadadjfiamadsal@p
aukgtesni o #HNOI !cieatasliinliomagesniﬁrﬁjdaesg'ymtawrsi nd eequismor u
Dal bi oduj ose edaagidsant4@nigl odaj @i eker gi jos miginyj

pastebi ma beveik xBorkaearttursa cniajgee sthagiNeO wecsaem.| i Dalanlil
cilindre krentate mperat trodal stipriai s uma ¢ &4l.,a2028)zRiodujomso k s i d
sudarant 8% degal O energijos pasiekiamos i ki 8 kartO |
dyzelinu.

| §dos

1. Vari kl i ui vei ki antbiodljeseg s b al i kurt @@lalyvauja siegimad a |
procese, i gmet amosi ose duj ose i g &ukgiaBD anergijbsidals di o
pasiekia Esp =80%. Pilotiniam wugdegi mui nau dEsFe0wt COHVO b

koncentracijas u ma ii&3,9%, nesHVOturima ges nDZ C/ H sant ykDZ
2. Didinant bi oduj O energetinn dal DZ ir pil otini
produktr O CHGO eimi sijos intensyviai didaja, %(@&s BD
Esp=80%)i r degi mas bl ogaj%%). sHiVi®a gier80 ¥ EeasCOr ICH2EN1Sijas
nes turi magesnDZ C/ H sant yik DZrb elie ntgrvui napue sonkfis i ndoul ogj kaus
3. DyzelinN pakeitus HVO bi od $zonhudjantiHVOif bioduieg u ma s
magéija dar Edoax80d6, a u I imi nigaisha snayean+ 481 yginant su d

sNI ygo,seemi MO j a dinkamaiGi¥oai mt 8 kartus DI mi ngumas ma(
HVO ir metanas, kurieturinglauangle s i r geri au dega. Geresnis dvigu
dadl bioduj osemaganpnusONCOegi mo t e mpmair=ithiditie sAnk sss Hsv
cetaninis skal!|Xle$n|lsa|pspmagﬁ)jtlalmlsl;nepmce\mgtstmlargldagl
intensyvumN plrmlmnajfazap'eensyvaus degi

4, Jvertinus tergal O emisijO pokyti sl agisni o u
galima teigti, kad HVE60% yadtiokdnigustas.mi gi nys, kuri am
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INVESTIGATION O F POSSIBILITY TO DECREASE AUTOMOBILE TRANSPORT EMISSIONS BY
CHANGING FOSSIL FUELS WITH DUAL WASTE BIOFUELS.

Summary

In thearticle, resuk of change in emissions ofropression ignition engine when diesel fuel is replaced with dual
biofuelsare given andanalysed. In the first part of the experiment, as a pilot fuel was used diesiel a@luition biogas
was used in concemation respectively 40%, 60% and 80%. In the second part of investigation, the main process of
experiment was the samwyt instead ofusing diesel as a pilot fuel, Biodiesel HVO was used. Biogas waatéaiby
mixing natural gas (8@ of volume) and carbon dioxide (%® of volume). Emissions of carbon dioxide, carbon
monoxide, unburn hydrocarbons, nitrogen oxides and snaokeomparedn different states of engine work: when pure
diesel is used, when diesel is replaced with biodiesel HM@&n biogas at different concentrations is used. By using
dual biofuelsa reduction of-8 times of nitrogen oxides and 248&lecreased soke emissionsvas noticed.

Key words. Diese| biodiese] biogas dual fuel, emissions
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PRECI ZI NAS 1 LGl O MATAVI MO SI STEMOS DI NAMI NI & R

Paulius Svilainis, Ar t T r a s 2 Ronhtds IGerauskiB, Aniamas Fursenkd, Jonas 2Mati j o
Nedas Mikniust, Gustavas Kobalt
! Vilniaus Gedimino technikos universitetdechanikodakultetasMe c hani kosi ngi med §j a ¢
katedrag 2Vilniaus Gedimino technikos universitetdechanikosnokslo institutas

Anotacija

Darbe pagrindii damesys skirtas nustatyti aplinkos ir preci
dnami ni ams procesams. Nor s atl i ekaimigitoy rdimati e moasi kdimni a |
ugdaviniams spriastin §&i kemNjilN apaasmiurir pygatiesmiti pe

preciziness i st emas ,i apsa skiogkyynbiinglk a a vy hdamom.
Re i k g mi n i :airpesigionthiginesistema, dinaminiai procesai

j vadas
Tikslumo tyrimams siekiant pagerinti metrl o gi nes etalonini ® il gi
savybes ir patikslintidamédsneapkbréagtie@gsi sgsda
metrologijos institutaiipr eci zi nfA  pr oduk c(Girduskig et ali 20EnLbdenes f i
al.,, 2012, 2011) Atlriikm@ ptaygr i ndu tobulinamos esamos
ndi

nauj i i novatyvls spre mai , kurie patannt uoj
| abai ribotai, ypal pramonini O fir m@ugausiaal i a L
st ukt i rinius si(€harget@l., R009miyed al.,2@). u S

Sparti aukgt Oj O technologijO paganga kel i :
ti ksl umo, gr ei | (Gorauskis et klt 2019y &iokka/lbaevii musmpant ma.
mat avimo priemoni O sukirimas ir jO matavi mo
pramoneiirv er s | ui , Dfgyal i ndamas D&i skverbti DZ sriti
mat avi mo gali muybi ©ei RakgVi mus susietai ilgio

pramona, kur kritini ususnaatmetniiishgudaaedrerafd rt r e
Artes, 2004; Gao et al., 2015)

Precizini O matavimo priemoni O pakl(hiiethos gal
2015; Zhang et al., 2017) geomet ri nds ir kiatimaitnadsppllkaiad
proceso metO kylanl|i O | &adds, lutak sukeliaonatavinma distemdsd o s
surinkim Optiniai i nijiniai kodavimo ODA @mh giol
sistemO, koordinali ® matavimo maginO, robotik
kit O toridiosavimo3 i pt e mO (Huei &.| 2039 Mansour and Seethaler, 201
Okwudire et al., 2016; Sencer et al., 2018; Sencer and Tajima, 2017; Shahzadeh et al., 2018; Tajima
et al., 2018; Tajima and Senc2019, 2017; Zhong et al., 2018)

Prakti gkai mechanini ai virpesi ai yrai @i en
poslinki O matavimo keitikliuose. Rezonansas m
arba skaitymo galvutes, arbalpai kymo el ementuose gali sukel
skenavimo galvutdas judaji mN gnvaetnagviiammoa i s kvaeli &ji ea.
esmas, l'inijinio keitikIlio dinaminis wutriaki ma:

lini jinio keitiklio elgesDZpagal vi br acilppes, p a
etal, 2012,2011) i r kodavimo kl aidas esant msiNorsyaac i j ai

sukurta metodi ka, skirta D&Zertinti optinius ¢
tal icarui nn ger ai suprasti vykstan|ius proces:t
konstrukcijoje,nDZetiyaevagmeNadgipukti i gsames

1. Eksperi mentini
charakteimasti kO ty

Tyrimo stendas pateiktas 1 pav., stendN sudar
DZ engi nys s uliniinia keitikjismakcelbronetay santykinio poslinkio jutiklis su stiprintuvu.

Tyrimo priemoni O ir sintetparfa meprrad) ymetsaviVidipebuv
Kji Pr matavimo priemonas. 1 pavei kind lonstpukcijaesistdmiosa | i
dinamini O charakteristi kO nustatymo blokin&lschem
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S l'inijinio keitiklio kartu su
r



TrijO® agi O akcelerometras 4506 ir vienaagiai seis
matavimo reglt at O apdor o] iDiio sDE aknoggrap iAudtée6roi O DELL (1 pav
vibratorius (Briel & Kjaer 4811) su valdw ir stiprintuvu (1 pav. 4 ir 5 pozicijos).

Akcel erometrai 4506 ir 8344 Dbuvo tvivienasi 4806 mi a

akcelerometras buvo tvirtinamas prie linijinio ki
tvirtinamas prie linijinio keitiklio korpuso.

TyrimO metu buvo atl i ekami keitiklio skistodmgtO
dinamini & poveiki O, nustatymo eksperimentiniai t
signal Mai(haignalasij uost os korpuso at gvi | g tavikliopkorpusa nk i s
pagreiliai; -lbiji6iiorke@isighabaigal vutas pagreiliai)

lpav.Li ni jinio keitiklio kartu su tvieritsitniikm® nkuosntsatt
stendo schema

Atl i ekant mat avi mus buvo matuoj ami 3 linijini
ma avi mo galvutéds 3 krypliO pagreiliai ir davi kl ic
matavimus keitko mat avi mo gal vutas padatis buvo ant korp
dinamines keitiklio su sudurtiniais karga i s charakteristikas. Atitinka
atliekami matavimai prie sksvithirmg®rdgadiniimOsmdtgsir
X kryptimis.

2. Eksperimentinio tyrimo rezultatai
Mat avi mO r ezwpavat ai patei kti 2
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c)

2pav.Li ni jinio keitiklio, kai konstr ukcliojmaavignadi na m:

gal vutas padatis buvo ant kor pus O sgspaslinkigiijono vi et
spektrinio tankio grafikas, bei korpuso ir matayv

grafikai: ai daviklio juostos antykin a i

TY

Virpesi ai
mal y¥akr yp tiiX&ryptisjvapesianci | i ni j i ni o
k ry p tiiX&ryptisjvardesiaa

keitiiEl koyg

i kompusp (vasdona Z kryptis;i | gi u ;

ali syt MK

Mat avi mO r e zpatéikti 84 pav., paréda finijido keitifl 0 j uost os kor pus
poslinki o, korpuso i mat avi mo gal vut as pagreilic
kur i skirta judinanbZ urkegti d.i kNa @roignydedakmpiimis(Irpad)iun o

poveikio triamajai sistemai rezultatus (2 pav.) nustatytos linijinio keitiklio sistemos atsako charakteristikos,

kur i

O0sS

parodo ar |

ni

jinio keitikyhomsmat av
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Bpav.Li ni jinio keitiklio, kai konstrukcija gadi nama

gal vut &s padidtis buvo ant korpusO sudlirimo viet
|

spektrinio tankio grafikas, bei korpairmat avi mo gal vut ds trijO krypli O
grafikaiaidavi kIl i o juostos sant yki koipaso (raudonapleyptis;ai kor g
mal y ¥akr y p tiiX&ryptisjvapediag d linijinio keitiklio galvu t dasdodrZz kr ypt i s; ma
i'Y kry pdiiX&ryptisyvadesiai
Atitinkamai nagrinajant atsitiktinio gadini mo
rezultatus (3 pav.) nustatytos linijinio keiiiklsistemos atsako charakteristikésirios parodo ar linijinio
keitiklio matavimo galvutas padatis DZakoja siste

i
kryptimi (1 pav.) tiriamajai sistemai rezultatus (2 pav.) gauta, kad keitiklio judstosr pus o at gv
poslinkio dominucg n | inopsl ida udas pasirei gkia mit awsio@o Hgal vou
domi nuoj anli os amplitudas pasireigkia atitinkam
gadi ni mo Y kr ypt itimmaja( sistenmiarezultatus (3opy gaitak kad keitiklio juostos
korpuso atgvilgiu poslinkio dominuojanl|lios ampl:

t
a
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gal vut as

pagreilio

domi nuoj anli os

amplDi tHzda Namga s i

at si t i kimo Xkryptimigpavdikio tiriamajai sistemai rezalius (4 pav.) nustatytos linijinio keitiklio

sistemos atsako charakteristikos, kurios parodo
Si stemos savybams.
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grafikaiaidavi kIl i o juostos sant yki koipaso (ravdomapleyptis;sai kor
mal yMakr yptiiX&ryptispvadesiaad | i ni j i ni o kei tiikkryppb sgamaluy a
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