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MAZBUDZETA AKVAPONIKAS SISTEMAS IZVEIDE
ESTABLISHMENT OF LOW-COST AQUAPONIC SYSTEM

Autors: Lauris Aglenieks,e-pasts: Lauris.Aglenieks@gmail.com, +371 27720708
Zinatniska darba vaditajs: Andris Martinovs, Dr.sc.ing., asoc. prof.,
Rézeknes Tehnologiju akadémija, Atbrivosanas aleja 115, Rézekne, LV-4601

Abstract. The goal of the project was to establish a low-cost sustainable food production system in a
soilless environment which uses nutrient-rich water from fish clture. Also we known it as aquaponic systems,
that combines aquaculture and soilless agriculture in closed-loop symbiotic systems. In this proces we check
the quality of water using amonia, nitrites, nitrates and pH test kit and starting to grow lettuce, spring onions,
persley and wrinkled pea. Study of this project shown how expensive is low-cost aquaponic system building and
what kind of matereals you needed to build your own food production system.

Keywords: aquaponic, sustainable food system.

levads

Partikas nozime ikdiena ir loti biitiska katra cilvéka dzive un ir svarigi zinat partikas izcelsmi
un kvalitati, lai nodro§inatu pilnvertigu un veseligu uzturu ikvienam no mums. Diemz€l, loti
daudzos partikas veikalos nav pieejama biologiska un svaiga partika. Vél skumjak ir, ka
daudzas vietas pasaulg cilvéki cie$ badu un partika vispar nav pieejama. Akvaponikas sistéma
rada iesp&ju ikvienam sevi nodroSinat ar svaigu partiku. Popularakie partikas produkti
audze&Sanai akvaponikas sisteémas: lapu salati, garSaugi, tomati, gurki, kabaci, spinati un dazadi
citi augi.
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Nitrogen
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A5 -

1
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l.att. [1]
Sistéma svariga nozime ir ar1 akvakultiirai, jo zivju izkarnfjjumu un urina rezultata
1zstradajas amonjaks, ko ,,nitrosomonas” bakt€rijas parvers nitritos un ,,nitrospira” bakterijas
nitratos, kas dod augiem nepiecieSamas baribas vielas.[1]

Materiali un metodes
Lai izveidotu akvaponikas sisttmu sakotnéji tika apskatitas dazada veida un lieluma
sisteémas, kuras ir pieejamas pirkSanai internetveikalos. Tika apskatitas gatavas akvaponikas
sist€mas un to iegade aptuveni izmaksa sakot no piecdesmit eiro 11dz vairakiem tiikstoSiem eiro,
atkariba no tas izméra, komplektacijas, efektivitates, dizaina u.c parametriem. SalidzinaSanai
tika apskatitas tris dazadu izm&ru un veidu sistémas.

http://dx.doi.org/10.17770/het2017.21.3577
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1.tabula
Sistémas Back to the Roots Water | Springworks Microfarm AquaUrban [4]
nosaukums: Garden Tank [2] Aquaponic Garden [3] (4.attels[4])
(2.attels [2]) (3.attels [3])
Cena 56 EUR 188 EUR 1220 EUR
Tilpums 11 Litri 38 Litri 227 Litri
Komplektacija | Biologiskas redisu | Biologiskas bazilika un | Stknis,  keramzits,
s€klas, zivju Dbariba, | raudenes seklas, | metala statne, statne
dabiskais ~ meé&slojums, | apgaismojums, stknis ar | gaismali, aerators,
suknis, grants, | taimeri, instrukcija. termometrs, video
keramzits. apmaciba, tdens
kvalitates tests.

2.att.

2] 3.att. [3]

4.att. [4]

Lai izveidotu akvaponikas sistému, materialus tas izveidei izvélgjamies p&c pieejamibas
viet€jos veikalos, cenas un izmé&riem - 2.tabula att€lotas cenas visam nepiecieSamajam detalam

sistémas izveidei.

2.tabula

Prece Izméri (mm) Skaits(gab.,m) | Cena (EUR)
Stikla akvarijs 1121 800x350x400 |1 36.59
Metala plaukti 900x400 4 27.24
Saskriivéjams statnis 2000x40x40 4 14.44
Plauktu/statnu stiprinajumi 24 13.20
Skriives ar uzgriezniem D6 80 7.98
Stknis akvarijiem ,,MP800” 950x630x510 |1 10.98
Udens caurule D14 6 4.74
Saskriivéjams plastmasas uzgalis wdens 8 7.52
caurulém
Plastmasas sadalitajs caurulém 1 1.40
Gumijas blive D25 16 1.60
Kaste ar vaku 27L 550x390x160 | 2 13.62
Kaste ar vaku 17L 390x340x170 | 2 9.78
Keramzits 50L D10 - D20 1 3.64
Putuplasta loksne 1000x500x20 |1 1.04
Déstu podini 65X65x78 50 5.10
Kokosa skiedras tabletes déstiem D36 50 5.89

Kopa: 164.76
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Darba procesa vispirms tika saskriivéta sisteémas konstrukcija ar divam 13mm uzgrieznu
atslegam. Konstrukcijas plauktu izvietojums izveléts péc akvarija lieluma un paredzot 40cm
augstu brivu vietu augu augSanai uz augsu. Ar elektriska urbja palidzibu tika izveidoti caurumi
30mm diametra augu kastg€s, lai varétu pievienot klat saskriiv€jamu plastmasas uzgali tidens
caurulu piestiprinasanai, ka redzams 5.att€la. Kad katra kaste tika uztaisiti ieteces un noteces
caurumi un saliktas plastmasas saskriives tidens caurulém, p&c ta varja pievienot pasas
caurules.

5.att.

Talak ieteces caurules tika pievienotas augu kasteém un noteces novaditas uz akvariju.
Varégja pildit sist€ému ar tideni un testét tas darbibu. Kad tika notestéta sist€mas darbiba, nakosais
posms bija komplektet déstu podinus ar keramzitu un putuplasta izveidot tiem paredzetus
caurums, ka attelots 6.attels. Putuplast tika griezts ar kancelejas nazi. Svarigi, ka sist€mas
izveidei tika izvélétas augu audz€Sanas tvertnes ar partikas uzglabaSanai izmantojamo
plastmasu — polipropilénu, ko apzimé ar ,,5 —PP”".

" yv -
2R\ &h‘

IAEARATEA
AR YA L‘”.) D
A" /\ AY
CINLY OB EEEEES
PP 7Pastt [ 50]1‘"2“ Drodiia izvile Lieto atewdxsmlnatt' [6] levairies
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IzvEloties produktus plastmasas iepakojumos izvairies no savienojumiem- "PC",
"PVC", "PC-7", "7-OTHER", kas noraditi uz iepakojuma dibena, $ie plastmasas izstradajumi
satur BPA (ka ar1#1, #3, #6 numurus, kur satur citus nevélamus savienojumus). Tacu visdroSak
(no plastmasam) izvéléties HDPE, LDPE un PP. [6]

Lai veiktu idens sastava kvalitates noteikSanu tika iegadati testeri un to cenas noraditas

3.tabula.

Testeris Cena (EUR)
pH-tests 4.89
Amonija/amonjaka(NH4/NH3) | 9.09
Nitritu (NO2)- tests 7.29
Nitratu(NO3)- tests 8.59

3.tabula

Testeru iegade kopa izmaksa nepilnus 30 eiro. Tika veikti testi sakotngji pievienotajam
tdenim un, ka redzam 9.attela, tad amonija/amonjaka, nitritu un nitratu skaits ir ap nulli, vai
loti nedaudz. Pievienotajam tidenim ir 9 pH, to redzam 10.att€la.

10

.att.

Sistémai tika pievienota viena neliela giipijas Skirnes zivs, sipolloku désti, salatlapu,
petersilu un zirnu d@sti ar tiem sagatavotiem podiniem. Sie pasi testi tika veikti p&c 14.dienam
un rezultati tika apkopoti 4.tabula un redzami 11.attela, 12.attéla.

4.tabula
Udens tvertne NH4/NH3(mg/l) | NO2(mg/l) NO3(mgl/l) pH
Akvarijs 1 0.6-0.7 0.1-0.2 9
Augu tvertnes 0.5 0.6-0.7 0.1-0.2 9

10
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Stknis akvarijam tika izv€lets pec ta udens celtsp&jas, kas Sim izveletajam ,,MP550” ir
1.2m un siikna veiktspg&ja ir 300-550 1/h, jauda 8w, elektrotikla spriegums 220-50Hz.

Rezultati un to izvertéjums

Tika izveidota akvaponikas sistema ieklaujoties 200 eiro budzeta, kopa ar idens analizu
veikSanas testeriem. Sisteéma pildija Gidens apmainas paredz&to funkciju. Sakotngji vietas, kur
bija iestiprinatas plastmasas saskriives tidens caurulu piestiprinaSanai radas tidens siice, tacu ar
sleciali akvarijiem paredzetu silikonu tika apstradatas $is saskriives un tidens stices probléma
tika noversta. Ta ka bija iegadati caurspidigas plastmasas augu trauki, tad driz vien tika secinats,
ka augu sakném tiks pievadita gaisma, kas nav v€lams, tapec augu kastes tika noklatas ar melnu
iepakoSanas plevi.

Péc 14 dienu testa rezima tika veiktas tdens analizes, kuras paradijas, ka
amonjaka/amonija daudzums ir uzcélies no 0.5mg/l augu tvertnés Iidz 1mg/I akvarija un nitritu
daudzums taja ir 0.6-0.7mg/1., bet nitratu daudzums veiktajos merjjumos tika uzradits loti maza
0.1-0.2mg/1 daudzuma.

P&c trauku tehniskajiem datiem tdens ietilpiba augu tvertnés sasniedz 88 litrus un
akvarija ietlpiba 112 litri, kopa veidojot 200 litru tilpumu. Bet test&jot sistemu tas maksimala
tdens ietilpiba augu tvertnés sasniedza aptuveni 62 litri un akvarija 110 litri, kopa veidojot 172
litru tilpumu.

13.att. 14 att.

Sis akvaponikas sistémas izgatavosana aiznéma daZas stundas un materialu iegade ap
200 eiro. STs sistémas tilpums ir 172 litri un to darbina 8w Gdens siikni. Svarigi audz&sanas
sistéma bija radit labveligu vidi baktérijam. P&c tidens analizém, kas tika veiktas sisteémai péc
14 dienam, var secinat, ka iideni ir izveidojusies ,nitrosomonas” baktérija un nedaudz
Hhitrospira”, jo nitritu Itmenis ir 0.6-0.7ml/l., bet nitratu 0.1 — 0.2ml/l. Diemzel,
amonjaka/amonija Iimenis parsniedza ieteicamas normas uzradot 1ml/l akvarija, bet tikai
0.5ml/l augu tvertné. Amonjaka Iimena paaugstinaSanos veicindja neapésta zivju bariba. Lai
mazinatu amonjaka Itmeni akvarija, tika nomainits jauns tidens. Sistéma ir labveliga augiem un
to augSanas process uzlabojas, bet tomér ir ieteicams sisttmu papildinat ar papildus
apgaismojumu.

11
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ST sistema var bt gan ka praktiski izglitojo$s materials, gan biologiskas partikas
audzesanas stends, kas var noderet ikvienam, kam svarigi biologiski un svaigi partikas produkti.

Summary

Aquaponic system was successfully established within the budget of € 200, include
water testing kits. To build a system it took a few hours of work. Systems capacity is 172 liters
and it run by 8w pump. Important was to establish a good environment for bacterias
»hitrosomonas” and ,,nitrospira”. In results of water analysis after 14 days of systems testing
stage, we see that nitrite level was 0.6-0.7mg/l, nitrate level 0.1-0.2mg/l, but ammonia level
was 0.5mg/l (grow bed) and 1mg/l (aquarium). Ammonia level was evolved by uneaten organic
fish food and it was to dangerous for fish living and decited re fulfil aquarium water. System
improve plants growth process, but for better growth need to add additional grow light.
Aguaponic system we can use as educational material for studying process and also we can
grow organic and fresh food for everyone.
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3D SKENERIS. DAUDZVEIDIBA UN DARBIBAS PRINCIPI
3D SCANNERS. DIVERSITY AND OPERATING PRINCIPLES

Autori: Artemijs Aksjonovs, artemijsaksjonovs@inbox.lv, 26320353,
Edgars Zaicevs, edgars1324@gmail.com, 29770589
Zinatniska darba vaditajs: Andris Martinovs, asoc. prof., andris.martinovs@rta.lv
Rézeknes Tehnologiju akadémija, Rézekne, Atbrivosanas aleja 115/k-4 (IF)

Abstract: The paper deals with existing 3D scanners classification and types. Each 3D scanner
given the principle of operation. It examines the scope of application of different type scanners advantages
and disadvantages. The aim was based on this data to create a 3D scanner prototype, by means of which
an ordinary user can conveniently and easily scan a small, straightforward form objects.

Keywords: 3D scanners, contact scanners, non-contact scanners, laser light triangulation,
occlusion, Raspberry Pi camera.

levads

Lai paveikt darbu, bija nepiecieSama daudzu dazadu interneta resursu analize, un
analogu produktu tehniskas dokumentacijas izpete, kas deva priekSstatus par ierices darbibas
principiem. Ir pieejami vairaki open source 3D skeneru projekti, kas pieejami globalaja
interneta tikla. Tas lauj advancétakiem lietotajiem, kam ir priekSstats par elektroniku, patstavigi
izveidot $adu iekartu. Tacu, lielakai dalai lietotaju nav nepiecieSamo zinasanu un pieredzes
lidziga produkta izveidei. Tas kalpo par vienu no iemesliem kadé] me&s izv€lamies tiesi So
produktu.

Analogu iekartu izpétes procesa tika apskatiti dauzi konstruktivi risindjumi, un
elektronisko slégumu sh&mas, un tika secinats ka lielako tiesu Sie open source projekti var tikt
par iemeslu dazadiem redzes bojajumiem, neuzmanigas rikoSanas, vai parliekas intereses par
iekartas darbibu rezultata, paskatoties uz lazeru staru.

Izstradajot prototipu, tika nemti vera iepriek§ minétie trukumi. Konstrukcija ierobezos
lietotaju no neapdomatas vai nejausas ricibas iekartas darbibas laika. Konstrukciju bija lemts
veidot ta, lai visas 3D skenera komponentes tiktu slégtas viena slégta korpusa, vérSot,
gaismoSanas elementus tada veida, lai tas neietekmétu lietotaja redzi, un dodot pieeju tikai
ierices rotgjosai pamatnei (kas ir lietotajam nepiecieSamais iekartas darba organs).

Materiali un metodes
Teoréetiska analize, informacijas analize, datu apstrade un sakopoSana, materialu izpéte,
komplektgjoso iegade, ras€jumu sagatavoSana, produkta prototipa komplektacija.

3D skeneris — darbibas princips un pielietojums

Dazadas cilvéka darbibas nozar€s savu vietu ienem ne tikai 3D printé$anas tehnologijas,
bet arT 3D skeneri. Ar to palidzibu var veikt dazadu fizisku priekSmetu sken&sanu, iegiistot 3
dimensiju digitalo modeli ar augstu precizitati. legiitie modeli ar elektroniskajiem datiem par
konkréta objekta formu var tikt pielietoti celtniecibas sfera, medicina un spélu industrija. Agrak
lai izveidotu objekta 3D modeli biitu nepiecieSamas stundas, vai pat dienas, dotaja bridi ar 3D
skenera palidzibu tam nepieciesamas tikai n-tas mindtes.

3D skeners izpéta fizisko objektu un izveido ta tieSu digitalo modeli. Musdienigi 3D
skeneri var but neliela izmeéra rokas ierice, vai ari, stacionara iekarta, kura apgaismei izmanto
lazerus vai specialas lampas, lai palielinatu mériSanas precizitati. Darbibas princips nosakas péc
izmantojamas sken&$anas tehnologijas, tacu jebkura gadijuma ierice nosaka attalumu lidz
skeng€jamajam objektam.

http://dx.doi.org/10.17770/het2017.21.3576
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Skeners nosaka attalumu Iidz objektam, izmantojot vienu vai vairakas kameras un
apgaismojumu. Ar $o “acu” palidzibu ierice méra attalumu dazados punktos, péc tam salidzina
un apvieno iegiitos att€lus no kameras. Visi mérjjumi tiek ierakstiti, tad tiek veikta analize un
uz ekrana izvadas gatavs digitalais modelis. Skan&Sana var tikt veikta ar lazera stara palidzibu,
kurs parvietojas pa sken&jama objekta virsmu un méra attalumu konkrétaja punkta. Tada veida
tiek ierakstitas visas merito punktu koordinates, kas lauj izveidot digitalu tris dimensionalu
modeli.

Dazadi skeneru modeli raksturojas ar dazadiem parametriem un iesp&jam, bet visi tie
tiek pielietoti gadijumos, kad maksimali atri nepiecieSams tieSi piefiksét objekta formu.
Praktiski $adu iericu prieksrocibas tiek nodrosinatas ne tikai atvieglojot 3D modela ieguves
procesu, bet arT nodro§inot iesp&ju stradat ar sarezgitam detalam un elementiem.

Klasifikacija

Visas tada tipa iekartas iedalas 2 lielas grupas:

Kontakta skeneri - tadas ickartas izmanto kontakta mériSanas veidu, tas ir, péta
skengjamo objektu burtiski ar tausti, ierakstot visas attiecigas koordinates. Sada tipa skeneru
konstrukcija paredzets augstas jitibas tausts.

Kontakta skeneriem piemit augsta detalizacija, tie nav atkarigi no apgaismojuma
apstakliem un taja, pat laika tie ir diezgan léni darbiba un skenéSanas laika ir risks sabojat
trauslus objektus. STs ierices atgadina riipnieciskas CNC iekartas, uz masivas pamatnes, bet gan
uz varpstas uzmontets nevis $pindelis, bet gan mériSanas galva ar rubina loditi gala. SkenéSana,
vai geometrisko izméru kontrole notiek ar kontakta metodi. Tausts 1énam tuvojas méramajam
objektam, registréjot mazako pieskarienu. Ir ari sist€émas ar kustigam "locitavam", kuras
uzstaditi augstas precizitates enkoderi. Kad operators parvieto skeng&joSo organu, Sie sensori
fiks€ visas sist€émas parvietojumu, un, pamatojoties uz Siem datiem, biivé objekta trisdimensiju
modeli. [4]

Bezkontakta skeneri — tada tipa ickartas var bt aktivas un pasivas. Aktivas iekartas
pasas izstaro specialos vilnus un péc tam sanem atstaroto vilni un analizg, lai noteiktu attalumu.
Ka izstarotais vilnis varétu biit ultraskana vai gaismas vilni (lazera stari, specialas lampas).
Pasivas iekartas ne rada nekadu starojumu, bet tikai sanem atstaroto no objekta apkart€jo
starojumu, pieméram, gaismu.

Bezkontakta skeneri péc tehnologijas iedalas:

Lazerskeneri —ka ar€jais apgaismojuma avots tiek izmantoti lazera stari, to priek$rociba
ir veidojamo 3D modelu precizitate, tacu lazerskenerus var izmantot tikai statisku objektu
skenéSanai.

Galvena dala lazera skeneru darbojas péc triangulacijas principa. Triangulacijas 3D
skeneru biitiba ir tada, ka augsta kontrasta kamera mekl€ 1azera staru uz objekta virsmas un
méra attalumu Iidz tam. Pie tam kameras un lazeru optiskas asis ir izvietotas atseviski, un
attalums starp tiem un lenkis ir ieprieks zinams. Tadgjadi, veicot nesarezgitus geometriskus
mérjjumus, més varam diezgan precizi izmérit attalumu Iidz objektam, atri iegiistot punktu
makoni. Salidzinajuma ar skeneriem kas mera stara atstaroSanas laiku, §is klases iericém ir
skengSanas diapazona ierobezojums, bet tas skene objektus ar augstu precizitati.[4]

Optiskie skeneri — atras darbibas skeneri, kas, palidz noveérst modela kroplojumus, kas,
rodas ja objekts kustas. Sken&Sanas kvalitate ir zemaka neka lazerskeneriem, toties tie ir daudz
universalaki, bet ar tiem nav iesp&jams skenét priekSmetus ar spidigam un spogulvirsmam.

Sis ierices sastav no vienas vai divam video kameram kopa ar kinoprojektoru. Kad
objekts tiek izgaismots ar "zebras" vai melnbaltiem kvadratiem,kas izvietoti Saha seciba,
kamera analizé iegita attéla izliekumu, un pamatojoties uz Siem datiem veido 3D modeli. ST
metode tiek plaSi izmantota inversaja inzenierija, juvelier izstradajumu skenéSana, biezi
izmanto medicina (prot€zes). Ir vérts atzimét doto skeneru izmantoSanu protezéSana, ta ka
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trisdimensiju skené$ana un drukasana $aja joma strada maksimali efektivi. ST tehnologija lauj
maksimali precizi izgatavot kosmétiskas, funkcionalas vai zobu protezes.

Sis tehnologijas triikumi varétu bt ierobeZojumi lielu objektu skeng$anai, bet $o
problému efektivi var atrisinat parklajot objektu ar specialiem markeriem, kas lauj skenét lielu
objektu pa dalam, péc tam "salimgjot" visas dalas viena modeli. [4]

PielietoSanas jomas

. Dizains: 3D maketa izveide uz kura bazes var iegit sérijveida produktu,
dizainer iepakojuma izgatavos$ana, iesp&ja talak redigét iegita modela formu.

. Medicina: iesp&ja izveidot tris dimensiju modelus locitavam, kauliem un
atseviSkiem organiem, dazadu anatomisko un ortopedisko apavu projektéSanai.

. Reversa inzenierija: tieSa 3D modela iegisana no objekta, kuru nepiecieSams
izveidot (klongt).

. Arhitektiira: 3D skeneri var tikt pielietoti dazadu arhitekttras detalu un elementu
skenéSanai, pieméram, kolonnas, statujas, dekoracijas.

. Izklaides industrija: animacijas modelu izveide prieks, spélém un filmam,

iesp&ja izveidot ciparu multimediju saturu, pamatota uz izstradataja konceptuala modela, tas ir
aktuali videosp&lém un datorspélu varonu izstradei.

. Celtniecibas riipnieciba: tiltu un biivju ras€jumu iegtSana trTs dimensiju
izpildijuma, automobilu celu rekonstrukcija.

. Produkcijas kvalitates kontrole: razotas produkcijas parbaude uzstaditajam
prasibam un tehniskam normam.

. Muzejos kultiirvéstures mantojuma saglabaSanai: tieSa novecojusu skulptiiru un
piemineklu formu atjaunosana to rekonstrukcijai.

. ArhivéSana: digitala arhiva izveide dazadu iericu prototipiem.

. Kinoindustrija: krasaina trisdimensiju cilvéka modela izveide.

. Kriminalistika: nozieguma vietas 3 dimensiju modela .[1]

Lazeru Iinijas triangulacijas metode
Lazeru triangulaciju var pagarinat veicot veselu liniju mérjjumu paraléli. Tas tiek
panakts aizstajot lazera punktu generatoru ar lazera linijas generatoru, kas veido liniju uz
objekta virsmas. Vairaki sensori salikti viens uz otra nolasa Iinijas garumu. Tas tiek panakts
aizvietojot sensoru rindas ar kameru CCD(charge coupled device — analoga integrala
mikroshéma, kas sastav no gaismas jiitigam fotodiodem). CCD masivs darbojas ka tiklveida
sensors, kas lauj uztvert vairakus gaiSus sektorus, un kliidainus datus iznicina.

Laser

CCD/PSD - Sensor

/77779

Lense

Laser Line
Generator

e
Camera DZI Object
1., 2. att. Triangulacijas vizuals atainojums [3]
Tapat ka uz lazerpunkta balstitai versijai triikumi ir okliizijas, atstaroSana samazina (vai
no kameras pretgjas puses tiek uztverta gaisma) uztverSanas lenki lai samazinatu to ietekmi

izmanto pari gaismas avotu (divus lazerus) . Citos 3d skeneros izmanto vairakas kameras tas
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lauj mazinat So problému sekas un nolasit skenétos datus ar mazakiem trauc€jumiem, tomer tas
rada jaunas problémas, jo janosaka katras kameras relativas koordinates. Ta ka triangulacijas
lenkis nav nulle, tapéc skengjot sarezgitus objektus var notikt okluzija. Izmantojot CCD
kameras (off-the-shelf) ir iesp&jams iegit precizitati lidz milimetra desmitdalam (0.15mm).

Okluzija

Lazeru trianguacijai ir nepiecieSama kamera vai gaismas jutigs sensors lai skaidri
redz€tu lazera Iiniju, kas atrodas uz objekta virsmas. Ja objekta forma ir tada ka objekts aizsedz
lazera atstaroto staru tad nav iesp&jam uztvert atstaroto staru, ka redzams att€la zemak.[3]

Laser Beam _\

Object Blocking

View of Laser

3. att. Okluzijas vizuals atainojums [3]

Lai samazinatu okltzijas iesp&ju var izmantot Sauraku triangulacijas lenki, samazinot
attalumu no lazera lidz kamerai, §is panémiens var tikt izmantots arT lai uzlabotu precizitati.[3]

Rezultati un to izvertéjums

Péc pastavoso 3D skeneru tipu analizes, prototipa izveidei tika lemts piemérot
bezkontakta, 1azerskenera tipu.
3D Skenera automatizacijas sistéma tika izvéleta lidziga ka “Atlas 3D” 3D skenera
vadibas sisteéma. Par pamatojumu kalpo tirgi izplatitako 3D skeneru raZotaju iekartu darbibas
salidzinajumu tabula.
Ka redzams tabula Sis ir optimalakais vadibas sist€émas variants, kas nodroSina labu
skenéSanas precizitati, pie tam ieguldot mazak lidzeklu produkta pasizmaksa.
Ka redzams tabula, sada komponensSu izvéle lauj arT veidot krasainus modelus, skengjot
reala objekta krasu. V&l viena no priekSrocibam ir iesp&ja manuali korigét iekartas
precizitati, neiejaucoties elektroniskaja vadiba.

1.tabula
Izplatitako 3D skeneru razotaju iekartu darbibas salidzinajumu tabula. [2]
ATLAS 3D MakerBot Digitizer NextEngine
Color Support No
Detail Resolution bo.25 mm D.5 mm L,l mm
Steps Per Rotation up to 3200 oo /A
Scan Speed 124 minutes (depending upon detail) h2 Minutes over 30 minutes
3602 From Single Scan  |yes o
Scan Volume I x 6 in B x8in X 10 in
Sensor 0 Megapixels 1.3 Megapixels 3.0 Megapixels
Calibration Isted
Price m’ool $799.00 $2,995.00
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4 att. Skenera elementu darbibas blokshéma.
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4. att. Objekta 3D modela izveides stadiju atainojums
a) Skeng€jamais objekts, b) Noskenétais modelis, ¢) 3D modela STL formata paplaSinajums
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Secinajumi
Darba rezultata tika izpé&titas vairakas 3D skeneru konstrukeijas un modeli, ka arT izpétiti
to darbibas principi. Tika izprojekteta konstrukcija kas lauj pie minimaliem tas gabaritiem laus
skenét attiecigi lielas detalas(lidz 20cm augstuma un 15c¢cm diametra). Vadibas sistéma lauj
atbrivoties no jebkadiem savienotajvadiem starp skeneri un datoru uz kura tiks saglabats 3D
modelis, ta ka savienojums ar iekartu tiks veidots Wi-Fi vai Ethernet tikla. Lai savienoties ar
iekartu nepiecieSams tikai ierakstit tas nosaukumu parlikprogramma.
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Abstract. The paradigm shift from input to output based engineering education, on the one hand,
and digitalization of engineering education, on the other hand, have influenced the enhancement of such
area of engineering studies as e-evaluation. However, e-evaluation of engineering studies has attracted
little attention. The aim of the contribution is to analyze theoretical literature on e-evaluation of
engineering studies underpinning elaboration of a research question on use of information technologies
such as multimedia technologies, information systems, etc for e-evaluation of engineering studies. The
meaning of the key concepts of assessment, evaluation and e-evaluation is studied. Moreover, the study
shows how the steps of the process are related: theoretical overview of e-evaluation of engineering studies
— elaboration of a research question on use of information technologies for e-evaluation of engineering
studies — conclusions. The novelty of the present contribution is formulated in the research question on
use of information technologies for e-evaluation of engineering studies. Directions of further research are
proposed.

Keywords: conditional thickness method, influence factor, mining block, pillar, roof, stability.

Introduction
The paradigm shift from input to output based education in general and engineering
education in particular, on the one hand, and digitalization of education in general and
engineering education in particular, on the other hand, have influenced the enhancement of such
area of engineering studies as e-evaluation as depicted in Figure 1.

Engineering education

Fig. 1: The relationship between engineering education and e-evaluation of engineering
studies

The changes in engineering education are of bi-modal nature as the changes obtain two
contrasting modes or forms [2]: on the one hand, there is a transformation from assessment of
teaching to evaluation of engineering studies, and, on the other hand, there is a shift from
evaluation of engineering studies to e-evaluation of engineering studies.

However, e-evaluation of engineering studies has attracted little attention in research as
most of the efforts were devoted to the elaboration of e-assessment system for skill and
knowledge assessment in computer engineering education [5].

http://dx.doi.org/10.17770/het2017.21.3580
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The aim of the present contribution is to analyze theoretical literature on e-evaluation
of engineering studies underpinning elaboration of a research question on use of information
technologies such as multimedia technologies, information systems, etc for e-evaluation of
engineering studies.

The novelty of the present contribution is formulated in the research question on use of
information technologies for e-evaluation of engineering studies.

Materials and methods

The meaning of the key concepts of assessment, evaluation and e-evaluation is studied.
Moreover, the study shows how the steps of the process are related: theoretical overview of e-
evaluation of engineering studies — elaboration of a research question on use of information
technologies for e-evaluation of engineering studies — conclusions.

The methodological foundation of the present research is formed by the System-
Constructivist Theory. The System-Constructivist Theory and, consequently, System-
Constructivist Approach to learning introduced by Reich [10] emphasizes that human being’s
point of view depends on the subjective aspect [7]: experience plays the central role in the
knowledge construction process [7]. Therein, the subjective aspect of human being’s point of
view is applicable to the present research.

Exploratory research was employed in the empirical study [9]. Exploratory research is
aimed at generating new questions and hypothesis [9]. The exploratory methodology proceeds
as shown in Figure 2

- from exploration in Phase 1

- through analysis in Phase 2

- to hypothesis development in Phase 3.

Phases of Exploratory Methodology

Phase 1
Exploration
xploratio Phase 2 Phase 3
Analysis New res_earch
question

Fig. 2. Methodology of the exploratory research

The interpretive paradigm was used in the empirical study. The interpretive paradigm
aims to understand other cultures, from the inside through the use of ethnographic methods such
as informal interviewing and participant observation, and establishment of ethically sound
relationships [11]. The core of this paradigm is human experience, people’s mutual everyday
interaction that tends to understand the subjectivity of human experience [6]. The paradigm is
aimed at understanding people’s activity, how a certain activity is exposed in a certain
environment, time, conditions, i.e., how it is exposed in a certain socio-cultural context [6].
Thus, the interpretative paradigm is oriented towards one’s conscious activity, and it is future-
oriented [6]. Interpretative paradigm is characterized by the researcher’s practical interest in the
research question [3]. The researcher is the interpreter.
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Results

On the one hand, Figure 3 [13] points out the difference between the terms “evaluation”
and “assessment”.

The Purpose of...

assessment :  evaluation
is to i isto JUDGE
INCREASE g quality.
quality. T:::::;m
leaves, C-

Fig.3. Difference between the Terms “Evaluation” and “Assessment” (adapted from

[13])

On the other hand, Figure 4 [1] demonstrates that evaluation includes assessment [4].

-~

—~ T\
{ Evaluation

IO~ T

Fig. 4. Inter-connections between evaluation and assessment

Traditionally, assessment reveals student advancement, placement and grades [1]. In its
turn, evaluation provides feedback on the worth or value of a course, module or curriculum.
Moreover, evaluations often utilize assessment data along with other resources to make
decisions about revising, adopting, or rejecting a course, module or curriculum [1]. By
evaluation, the process of examination and its results is determined [1]. Evaluation provides
feedback on the worth or value of a course, module, curriculum and interaction among
evaluators [6]. Evaluation is defined as evaluation with the focus not on evaluation of learning
results but with the focus on evaluation of inter-connections between learning and its results in
the united system of criteria [4,8]. Finally, e-evaluation is considered to be computer-mediated
process of examination and its results. The term “evaluation” is further used as an overall
umbrella for both evaluation and e-evaluation as e-evaluation is part of evaluation.

Evaluation .
E-evaluation

Fig. 5. The relationship between evaluation and e-evaluation
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The process of evaluation inludes such five phases [6] as preparation of evaluation plan,
goal identification, aim of practice change, justification of the criteria and evaluation and
presentation of practice changes. Goal of evaluation can vary [4] from diagnostic evaluation in
Phase 1 through formative evaluation in Phase 2 to summative evaluation in Phase 3 as depicted
in Figure 6. Diagnostic evaluation is carried out at the course beginning to obtain information
on the learners’ knowledge and skills [4]. Then, formative evaluation is organized in the middle
of the course to check the learners’ gradual educational progress [4]. And, finally, summative
evaluation at the course end reveals the learners’ aim achievements and transfer to the next (a
higher) educational level [4].

Phase 1

Diagnostic Phase 2

evaluation Format!ve
evaluation

Phase 3
Summative
evaluation

Fig. 6: Goal of evaluation

Evaluation comprises such elements as external evaluation, internal evaluation and self-
evaluation. Self-evaluation is defined as the learners’ process to think, analyze and plan their
learning in accordance with criteria worked out together with the educator that results in a report
called self-evaluation in a written form [4]. Internal evaluation is determined as the process of
the teacher’s and learners’ evaluation of the learner’s work in accordance with the joint criteria
as well as the learners’ and management’s of the educational establishment evaluation of the
teacher’s work that results in a report called internal evaluation in a written form [4]. External
evaluation is identified as the process of external experts’ evaluation of the work of the teachers,
learners and management of the educational establishment in accordance with certain criteria
that results in a report called external evaluation in a written form [4]. Evaluation proceeds
from self-evaluation through internal evaluation to external evaluation as revealed in Figure 7.
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Fig. 7. Methodology of evaluation

Various methods and instruments may be used for gathering the information needed for
evaluation such as [12]
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- Questionnaires: list of questions to be asked to respondents;

- Observations: evaluation data may be gathered by observing the behaviour of
the participants e.g. teachers, students, others. Identify carefully which behavioural traits should
be observed and what meanings can be deduced from these;

- Interviews: oral questionnaire, either structured semi-structured or open.
Interviews may be held individually or with groups;

- Meetings: meetings stimulate people to reflect on things and to discuss them.
While doing so evaluation implicitly occurs;

- Snowballing/Delphi: people may be asked individually what they think of
particular things, but it is certainly illuminating for them to hear or read what the same things
meant for others. By making a list of the issues raised, or of opinions given, the opportunity is
created for others to comment. In this way an overview is created of possible opinions and the
support for each of them;

- Written product: writing about one’s experiences is a powerful way of reflecting;

- Presentations: telling others what happens in your school or in your project
forces you to reflect on this as well. This is also occurs with the critical questions which may
be raised by your audience. Again this method can prove to be a powerful stimulator for
learning from experiences;

- Flowcharting: by describing the process of a course or training session using a
“flowchart” diagram, it will be possible to reflect not only on the different stages of the process
but also on the link between the different stages;

- Critique/reviews: by internal or external experts/colleagues. Inviting others to
come and give their views on what they perceive to be happening in a project, at the school or
in a programme is a positive way of triggering an internal debate about quality;

- Unobtrusive measures: some data may be gathered without requiring assistance
from other people. How often do students visit the library? How many parents come to meetings
or answer correspondence? Recording secondary information such as the speed at which the
chairs in the study room deteriorate will determine the intensity with which the room is used.

- Reports/minutes: Some documents are produced even if no evaluation takes
place. Nevertheless they may have a function in an evaluation and support the reflective process
that evaluation should trigger. Furthermore the data in these documents may be considered as
material for further analysis.

As evaluation techniques include a range of forms which can be also blended [13],
learner’s assesment may include [13] such forms as (E-) Checklist (observation), (E-) Behavior
description (observation, self), (E-) Attitude scale, (E-) Conversation, (E-) Portfolio, (E-) Case,
(E-) Report, (E-) Paper, (E-) Simulation, (E-) Presentation, (E-) Competence based interview,
Internship, etc. Other instruments valid for evaluation [12] such as

- Thermometer plus immediate feedback: a kind of thermometer is drawn on a
flipchart to indicate how participants value the event in which they take part. The flip chart is
turned away from the group, and then one by one they pass by the flipchart and mark their
position on the line of the “thermometer” with a board pen. You can choose whether you want
to identify the dimension on which they score, or leave that open. Afterwards you turn around
the flipchart so that the distribution of positions on the line drawn is visible to everybody. This
may then be discussed and clarified.

- Letter addressed to yourself: ask people to write a letter to themselves including
statements of what they have learned or what they intend to go and do with what they have
learned. Then send these letters to the people involved after a certain period. It improves both
their learning and the impact of the evaluation.
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- Writing an article about the project/programme: nothing is more evaluative than
to have to present the experience on paper. This requires analysis, comparisons, reflections,
formulation, and articulation;

- Presentation: the advantage of a presentation compared to an article is of course
the discussion it triggers. The dialogue that follows is one of the richest ways of learning from
experience;

- Contribution to a school or academic journal, a newsletter: this serves a similar
purpose, but now the negotiation element of evaluation comes into focus. It not only triggers a
discussion aimed at understanding, but also one aimed at interests, division of power,
responsibility, authority etc;

- Creating a web site about the project/programme: the use of new technologies
adds to the quality of this instrument. Furthermore it serves a similar purpose as writing articles
or making a newsletter;

- Self-reflection instruments: there are instruments available which help to reflect
on particular aspects of your learning, educating, training, organisation etc. Issues covered by
such instruments could be the school climate, the quality of a learning environment/team spirit/
effectiveness/ leadership etc. After an experiment with new methods, an instrument might be
used to see what effect this new approach has on how the school is perceived or what the effects
have been on the learning environment;

- Sparring partner/critical friend: having someone to talk to, to have debates with,
to share doubts with, to share your professional kicks with, enriches the learning process
enormously. As made clear elsewhere in this document, there must then be a moment when the
result of this learning is made explicit and transferable;

- Working with scenarios: one aspect of learning is the ability to do things better
in future. Developing future scenarios immediately turns present experiences into options for
the future. This facilitates the transfer of what is learned, to future actions, or decisions about
the future. It is desirable to develop two or three scenarios rather than one, in order to
promote/trigger the dialogue that is needed to provide the rich learning context which makes
self-evaluation a learning experience;

- Critical incidents method: reconstruct events from your experience and identify
critical moments where you had to make major decisions. Ask others to think about what they
would have done in this situation. Describe your choice and compare it with the choices others
have made. Identify what it implies for future action;

- Reflective silence STAR (Situation, Time, Actions, Results): tt sometimes is
very useful to build in silences in the rush-rush, hectic race of daily professional life. Use these
moments to reflect and write down what you wish to remember from the experiences you have
been through. Consider alternative actions and reflect again on them;

- Learning questions related to personal development plans: most organisations
do not have the habit of allowing or encouraging their staff to identify learning questions. If
teachers, trainers, managers and others concerned know what they want to learn, they focus
much better on the relevant experiences in their work and make progress. Often the learning
goals and objectives of the professionals are left vague and ambiguous. This is
counterproductive for effective learning and as a consequence for the organisation’s quality and
its ability to change;

- 360° feedback: this is a deliberate confrontation of observations and views of a
professional with the observations or views of superiors, colleagues, subordinate staff or
students. The focus is on the different perspectives to which the differences in position might
lead, in order to understand better the dynamics of the world in which one operates;

- Visualising things either graphically or more creatively: the power of images is
often greater than that of words. However, this is rarely used in evaluation. Try to visualise
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things and make them visible, or tangible, or heard in a creative way. This will certainly create
a much greater impact;

- Debate, an adversarial evaluation procedure comparable with a trial process in
court with a jury: this method, which is very stimulating and which creates high commitment,
emphasises the negotiation part of evaluation. At the same time it stimulates the motivation to
learn. It may be a time-consuming approach, but it certainly makes evaluation come to life;

- Allocating money as a token of the priorities given to different parts of the
project: dividing money clearly shows the values given to various aspect of schooling. It is a
way to operationalise the value given to things. People tend to be willing to fight really hard
about money. The fight over money makes it clear where people put their priorities, the debate
about why and about the evidence that is what it is all about. This is what provides the learning
and the clarification of the positions of all parties involved in the school,

- Serving as a consultant in other similar projects: actively helping others in
evaluation is often a very good way to analyse your own situation. Because others want to know
what your advice is, you will have to be very explicit about what you think may work out, and
what you think won’t. Questions will be asked about evidence and the background of your
advice. Thus you will have to make up your own mind systematically.

Other forms of learners’ satisfaction assessment may include distance education
orientations, learner profile study, learner satisfaction survey, learner evaluation of
effectiveness of distance education. In its turn, staff support assessment can be done via
faculty/department/staff satisfaction survey, review of academic credentials for new hires,
needs analyses for staff training. Evaluation of teachers can be carried out via learner academic
and professional success, too. Assessment of programme effectiveness can be based on the
following questions:

- What do you wish to do?(Vision);

- What steps should be taken to get there?(Goals);

- What do you need to achieve for each step?(Objectives and Outcomes);

- How well are you doing it? (Measures);

-What and how does a program contribute to the development and growth of its
learners?

Learner Learning and Course Assessment Techniques include review of learning
resources, course evaluations, classroom inventory, course development review. Such an
evaluation form as accreditation comprises the following dimensions: institutional context and
commitment, curriculum and instruction, student support, evaluation and assessment.
Evaluation of distance education materials is based on the analysis of instructional design,
content, textbook, department guide, learner study guide, computer software, computer
conferencing software, video, etc. Evaluation can also involve grouped observations of
administration, course preparation and instructional design, communication techniques, test
instruments and continuous assessment, training of staff. Such e-tools can be integrated into
evaluation as monkey survey, webinars, use of the Moodle platform, blogs, use of social media,
etc.

Results and discussion

The theoretical findings of the present research allow drawing the conclusion on e-
evaluation as part of evaluation.

The theoretical findings outlined the notion of e-evaluation, its methodology, methods
and instruments as well as techniques presented in the contribution.

The following research question has been formulated: What principles are to use of
information technologies such as multimedia technologies, information systems, etc for e-
evaluation of engineering studies? It should be noted that principle is a condition of activity
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(Belickis, Bliima, Koke, Markus, Skujina, Salme, 2000) or, in other words, use of information
technologies in the present contribution.

The present research has limitations. The inter-connections between assessment,
evaluation and e-evaluation have been set. Another limitation is the theoretical study conducted
by involving the educational researchers only.

Further research tends to involve computer scientists in the present research on e-
evaluation of engineering studies. Empirical studies on use of information technologies such as
multimedia technologies, information systems, etc for e-evaluation of engineering studies are
to be carried out. The search for relevant methods for e-evaluation of the use of information
technologies such as multimedia technologies, information systems, etc for e-evaluation of
engineering studies is proposed. And a comparative research of different countries could be
carried out, too.
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Abstract. This research work is described as direct marketing (micro targeting) strategies are used
in "Facebook" social network to target ads only to people who are potential customers. The research consists
of 2 parts - theoretical and practical. The first part of the research summarizes the social network "Facebook"
offer to audience about selection tools, and how they can be used. The second part of the research has been
carried out "Facebook™ users surveying to determine whether the users interviewed have ever responded to
"Facebook" ads, and what is their attitude to such advertising optimization in social network. Main part of
research consists of 3 sections.

Keywords: Facebook, digital marketing, micro targeting, dynamic advertisements.

levads

Misdienas drosi var teikt, ka dzivojam tehnologiju laikmeta. Interneta vietnes
,»GlobalWeblIndex.net”, kura veic dazadus petijumus par digitali aktiviem paterétajiem,
rezultati liecina, ka miisdienas uz vienu digitali aktivu izdzivotaju ir vid€ji 3,6 viedas ierices
[1]. Tehnologiju izmanto$ana dod iesp&ju ietaupit laiku un globalizacijas rezultata geografiskais
attalums un teritorialas robezas kliist par mazsvarigu faktoru, kas ir 1pasi svarigs aspekts biznesa
vidg. Straujais dzives ritms nosaka to, ka tendences loti strauji mainas. Jauno médiju tehnologiju
agentliras biznesa attistibas nodalas direktors DZz. R. Levis sava gramata “Facebook
marketings” izsaka viedokli, ka socialais tikls “Facebook” (turpmak ,,Facebook™) reklamu
ietekme meédiju tirgi tikai turpinas pieaugt, jo 81 vietne nodroSina daudzas iesp€jas
uznémumiem atdzivinat brendu, veidot kopienas, veidot attiecibas ar klientiem vel pirms
pirkuma veikSanas u.c. iesp&jas [2]. Autors ar1 atzist, ka parmainas notiek tik strauji, ka jau
gramatas izdoSanas laika visticamak “Facebook” biis piedzivojis duciem parmainu. Pavisam
nesen uznémumi atklaja, ka, izveidojot socialo tiklu profilus tadas vietnés ka ,,Facebook”,
» I witter” u.c., iespgjams ieveérojami palielinat uznémuma atpazistamibu un piesaistit papildus
potencialos klientus. Misdienu jaunakas tendences digitalaja marketinga uznémumiem rada
nepiecieSamibu pétit iesp&jas, ka, izmantojot, piemeram, sociala tikla ,,Facebook™ (turpmak
“Facebook”™) vietni, individualizet un paradit reklamu vai uzn@muma lapu tikai tiem lietotajiem,
kam tas tie$am varétu interesét. Sadu marketinga stratégiju sauc par tieSo marketingu.

TieSais marketings ir zinojumu izsiitiSana klientam un mudinaSana uz darbibu, kas
ietver pozitivu klientu atsauksmju izmantoSana marketinga aktivitates [3].

Lietotaju uzvedibas un intereSu pétijumi, izmantojot socialo tiklu aktivitates, miisdienas
klust par galveno digitala marketinga tendenci, kas solas pilniba parverst izpratni par interneta
reklamam.

Pétijuma mérkis ir izpétit marketinga tehnologijas auditorijas atlasei socialaja tikla
“Facebook”.

P&tijuma meérka sasniegSanai izvirziti $adi uzdevumi:

1. Izpetit uz klienta intereseém vérstu reklamu izveides iesp€jas socialaja tikla
,,Facebook”;

2. Izanalizet sociala tikla “Facebook” lietotaju anketéSanas rezultatus;

3. Apkopot pétijuma rezultatus un izdarit secinajumus.

http://dx.doi.org/10.17770/het2017.21.3578
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Materiali un metodes

P&tijums sastav no 2 dalam — teor€tiskas un praktiskas. Petijuma praktisko dalu veido
interneta resursos pieejamas informacijas apkopojums par “Facebook” auditorijas atlases
rikiem, ka ari autores apskata dazadas tie$a marketinga metodes, kuras tiek izmantotas
dinamisko reklamu palaiSanai “Facebook” vietng.

Petijuma praktisko dalu veido autoru aptaujas rezultati. Tika aptaujati “Facebook”
lietotaji. Aptaujas mérkis bija noskaidrot kadas darbibas “Facebook™ lietotaji ir veikusi pec
vietn€ redzetajam reklamam un kada ir cilvéku attieksme pret tiesa marketinga pielietoSanu
socialaja tikla.

1. ,,Facebook” piedavatie riki reklamas personalizéSanai

Socialais tikls ,,Facebook™ tika radits 2004. gada ka Harvardas universitates studentu
socialais tikls. Misdienas ,,Facebook™” ir ietekmigakais socialais tikls pasaulé. Ik menesi
»Facebook” lietotni izmanto aptuveni 1.8 miljardi cilvéku visa pasaulg, kas ir aptuveni % no
visiem pasaules iedzivotajiem. Aptuveni 1,1 miljards cilveku lieto ,,Facebook™ aplikaciju sava
mobilaja talruni [4]. Vidusmera digitali aktivs cilvéks pavada vid€ji 50 miniites ik dienas savos
“Facebook”, “Messanger” un “Insatgram” profilos. Miisdienas socialie tikli vairs nav domati,
lai tajos registrétos tikai cilvéki. 2008. gada “Facebook” radija iesp&ju uznémumiem veidot
savas biznesa lapas, kas arT ir “Facebook” reklamu rasanas iemesls [5]. Ka neatnemama
sastavdala veiksmigam biznesam kliist uznémuma profilu veidosana socialajos tiklos. Biezi
vien maza un vidgja izmera uznémumi vairs neizvélas veidot atseviskas majas lapas, bet tikai
savu biznesa lapu “Facebook™ vietné. ,,Facebook” vietn€ darbojas aptuveni 60 miljoni aktivu
biznesa lapu [6].

B. Karters sava gramata “ * Patik” ekonomika” mingjis, ka “Facebook” ir varenakais
marketinga riks, kads vien iepriek$ ir redzeéts. Tas ir pozitivs riks, jo “patik” opcijas
izmantoSanai ir talredziga un neizmé&rojama ietekme komercijai. “Facebook™ patik opcijas
prieksrocibas:
samazina marketinga izmaksas;
palielina pardoSanas apjomus;
uzlabo klientu pieverstas uzmanibas apjomus;
palielina pircgju lojalitati;
rada uzticamus klientus, kas palidz pardot preces un aizstav no kritikas [7].

Socialais tikls ir arT izstradajis vairakus rikus, lai marketinga aktivitates sniegtu
maksimalu labumu uznémumiem. Pieméram, uzspiezot uz reklamas socialaja tikla ne vienmer
lietotajs veic kadu darbibu, pieméram, veic pirkumu vai registréjas, atstajot savu
kontaktinformaciju, tacu Sada klienta ieinteresétiba ir vertigi dati, kurus izmantojot, uzp€mums
var sakt veidot attiecibas ar konkreto klientu, lai pavirzitu klienta darbibas vélamaja virziena.
Misdienas uzn€mumi analiz€ un strada ar Sadiem datiem, tad€jadi pilnigak izmantojot iespgjas,
ko sniedz sociala tikla reklama. Izmantot lietotaju datus, kas reaggjusi uz reklamu, tiek atlasits
cilveku loks, kuri tieSam var klit par potencialajiem klientiem. “Facebook” piedava izveidot
dinamiskas reklamas. Lapas administratoram javeic produktu kataloga augSupieladi un jauzsak
reklamas kampana, un vélak sisttma pati meklés piemérotus cilvekus, kam paradit
piedavajumu. ST sistéma parada pircgjiem lidzigus produktus tiem, kurus pircgjs jau ir
apskatijusi citas lapas. Ta arT atgadinas pirc€jiem par precém, kuras tie apskatijusi uzn€muma
majas lapa vai mobilaja aplikacija, tau nav iegadajusies. Dinamisko reklamu palaiSanai ir
izstradats specials r1ks - ,,Facebook Pixels”. Dotais riks ir koda dala kuru jebkur§ var ievietot
sava majas lapa, lai ieglitu datus par apmeklétaju darbibam majas lapa un tadgjadi izveido
iesp&jamo klientu auditoriju [8]. ,,Facebook Pixels” veic tadas funkcijas ka:

o Sniedz datus, ka lietotajs parslédzas starp dazadam iericém;
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. Optimizé reklamu atspoguloSanu tikai tiem cilvékiem, kas visticamak veiks
velamas darbibas, piem&ram, veiks pirkumu, registrésies majas lapa, aizpildis aptauju u.t.t.

o Automatiski izveido lietotaju auditoriju, kuriem vélak tiks novirzitas reklamas.
Lietotaju auditorija tiek izveidota no cilvékiem, kuri veic kadas konkrétas darbibas majas lapa,
piemé&ram, apskata kadu konkrétu preci, pievieno preci grozam, veic pirkumu u.t.t.

o Atrod lietotajus ar lidzigam interesém, kadas ir esoSajiem pircgjiem.

. Veido dinamiskas produktu reklamas. ,,Facebook™ tiek izveidotas atbilstosas un
savlaicigas reklamas, balstoties uz produktiem, kurus apmekl&taji ir apskatijusi majas lapa.

. Izveido ieskatu par cilvékiem, kuri apmeklI€ majas lapu [9].

Vairakas elektroniskas komercijas platformas “Facebook pixels” var tikt integréts
automatiski, pieméram, “Shopify”, “Magento”, “BigCommerce”, tad€jadi automatiski
veidosies uzn€muma dinamiskas reklamas. Lai veidotu dinamiskas reklamas priek§ mobilajas
aplikacijas, ir izveidots alternativs riks “Facebook pixels”, ko sauc par “Facebook SDK”. Lai
lietotu So riku, nepiecieSams “Facebook App ID”. Tas ir unikals numurs, kas identificé
aplikaciju, kad tiek pieprasitas reklamas no auditorijas tikla.

“Facebook™ piedavatais riks “Lookalike Audience” ir tendéts tieSi uz auditorijas
veidoSanu. Lai saktu auditorijas izveidi, sakotngji ir jaizv€las avota auditorija, kuras intereses,
demografiska informacijas, atraSanas vieta, vecums, u.c. dati biis ka prototips potencialo klientu
atlasei. Ka avota auditorija var kalpot esoSo klientu datubaze vai biznesa lapas jau esoSie
sekotdji. Avota auditorijai jasastav vismaz no 100 cilvékiem, taCu ieteicams, lai avota
auditorijas izmérs ir starp 1000 un 50000 cilvéki. Sistéma automatiski atlasa “Facebook”
lietotajus, kuri, p&c atlasitajiem parametriem, atbilst ieprieks uzstaditajam potenciala klienta
prototipam. Biznesa lapas administratoram ir iesp&ams izvéléties kada lieluma auditoriju
sist€mai veidot. Genergjot maza izméra auditorijas, tas biis maksimali l1dzigas avota auditorijai,
savukart genergjot lielas auditorijas palielinas mérkauditorijas izmérs, tatu samazinas lidziba
ar avota auditoriju. Sist€ma generé auditoriju 6-24 stundu laika. P&c auditorijas izveides, ta
atjaunojas ik p&c 3-7 dienam kamér vien tiek aktivi veidotas reklamas $ai grupai. [10].

“Facebook Pixels” ir piemérots riks, lai pétit un analiz€t uznémuma majas lapas
apmekl&tajus — to darbibas, viedo iericu lietoSanas paradumus, vajas vietas uzn€muma majas
lapa utt. Péc funkcijam “Facebook Pixels” riks ir lidzigs “Facebook Lookalike Audience”, tacu
tas ir orient€ts analizét darbibas, kas notiek uznémuma majas lapa, kas nav izveidota uz
“Facebook” platformas. “Facebook Lookalike Audience” ir riks, kas ir orient€ts uz darbu tiesi
“Facebook” platforma izstradatajam biznesa lapam, un ta galvena funkcija ir auditorijas atlase.
Ka pamata auditorija var tikt izmantota jau iepriek§ pieminéta “Facebook Pixels” izveidota
lietotaju auditorija.

2. TieSa marketinga panémieni

Dinamiskas reklamas palidz atlasit lietotajus, kuri apmekl€jusi vai veikusi citas darbibas
uznémuma majas lapa, lai vélak Siem cilvékiem meérketu svarigaka satura reklamas [11]. Ka
vienkarsakais veids, lai izmantotu dinamiskas reklamas, ir mérket tas cilvékiem, kuri ir
apskatijusi vai pievienojusi grozam kadu produktu, tacu nav veikusi pirkumu pédéjo 10 dienu
laika. Tiklidz kads no potencialajiem klientiem ir veicis pirkumu kampanas ietvaros, tas ir
jaiznem no potencialo klientu saraksta, savadak tiks lieki téréta nauda un kaitinats pircgjs,
reklamgjot produktus, kurus tas jau ir iegadajies. Velak, ja pirc€js nav apmekl&jis majas lapu
90-180 dienu laika, ir vérts atkal atsakt reklamas kampanas Siem lietotajiem [12].

Parasti cilveki, kuri pievienojusi produktu grozam, atstdj lielaku potenciala klienta
iespaidu, neka lietotaji, kuri tikai apskatijusi preci, tapec ir verts apsvert iesp€ju izveidot 2
atSkirigas mérkauditorijas un cenu piedavajumus, nosakot, ka augstdka cena bis
mérkauditorijai, kuri pievienojusi preci grozam, bet nav to nopirkusi.
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Cilveki, kuri vienreiz veikusi pirkumu uznémuma majas lapa ir vertiga auditorija, jo
vini jau vienreiz ir pieradijusi, ka viniem patik uzn€muma preces un visticamak varétu veikt ar1
veél kadu pirkumu. Lai palielinatu pelnu jau no esoSiem pircgjiem, tiek izmantotas pirkuma
groza palielinasanas stratégijas - piepardosanu (angliski cross-selling) un augSuppardosana
(angliski up-selling). Sada veida stratégija, dinamisku reklamu uzdevums ir atlasit cilvekus,
kuri veikusi pirkumu, un piedavat viniem iegadaties saistitas preces, pieméram, pirc€jam, kur§
iegadajies apgérbu, mérkét reklamas ar apgerbu aksesuariem, vai pirc€jam, kur§ iegadajies
mugursomu, piedavat dazadus celojumu aksesudrus utt. Sadu metodi sauc par
piepardoSanu[13]. “Facebook™ ir pielagots atceréties katra konkréta pirc€ja pirkumu
paradumus, piemé&ram, ja kads pirc€js regulari perk kopa tenisa raketi un tenisa bumbinas, tad
laika gaita “Facebook” ik reizi méginas piepardot tenisa bumbinas bridi, kad $is pirc€js nopirks
tenisa raketes.

Lidzigi dinamiskas reklamas tiek izmantotas, lai novirzitu potencialo pirc€ju pie
uznémumam lielaku labumu nesosas preces (lielaka pelna, lielaks preces skaits noliktava utt.).
Sistema piefiks€ preci, kuru pircgjs apskata un pievieno grozam, un, ar dinamisko reklamu
palidzibu, mégina ieinteresét klientam nopirkt dargaku produktu no tas pasas kategorijas, neka
vin$ sakotngji bija planojis. Sadu stratégiju dévé par augSuppardosanu. Lai izmantotu 3o
stratégiju “Facebook™ vietné, ir nepieciesams izveidot 2 dazadas preu grupas — viena saturés
preces, kuru apskatitajiem tiks piedavati otras grupas produkti, kurus uzpémums mégina
augSuppardot pirc€jam, piemeram, precu grupa “skrieSanas apavi par 50 eiro”, un atverot So
preci, tiek paradita reklama, kura paradas preces no grupas “skrieSanas apavi zem 50 eiro”, tacu
realitate, lielaku pelnu uznémums giist pardodot otras grupas preces [12].

Saja nodala autores secina, ka “Facebook” reklamas ne tikai palidz atrast potencialos
klientus, bet ar1 darbojas ka pirkuma groza palielinasanas riki. Pirkuma grozu iespg&jams
palielinat ne tikai pardodot papildus precu komplektus, bet ar piepardodot saistitas preces vai
uznémumam izdevigakas preces. PiepardoSana palidz gt lielaku pelnu jau no esoSiem
uznémuma klientiem, savukart augSuppardoSana — no klientiem, kuri jau ir ieintereséti
iegadaties kadu preci.

3. Aptaujas rezultati un to izvértéjums

“Facebook” lietotaju viedoklu noskaidroSanai par reklamu optimizaciju autores
1zstradaja aptaujas anketu un aptaujaja 90 “Facebook™ lietotajus no Latvijas vecuma no 20 lidz
65 gadiem. Aptaujas mérkis bija noskaidrot, kadas darbibas aptaujatie ir veikusi “Facebook”
reklamas ietekmé& un kads ir aptaujato viedoklis par reklamas optimizaciju iepriek$ miné&taja
socialaja tikla. Aptaujas anketa ietvéra 6 jautdjumus — 2 ievadjautajumi, lai noskaidrotu
aptaujajama dzimumu un vecuma grupu, 2 jautajumi par aktivitateém, kuras “Facebook™ lietotaji
kaut reiz ir veikusi péc reklamas apskates socialaja tikla un 2 jautajumi, kas raksturo aptaujato
attieksmi par reklamas optimizéSanas izmantoSanu.

81 % respondentu atzina, ka ir ieverojusi, ka “Facebook” paradas reklamas no interneta
vietném, kuras kadreiz jau ir apmekl&jusi. Lielaka respondentu dala jeb 75%, atbildot uz
jautajumu, vai kadreiz péc “Facebook” reklamu apskates ir uz tam reaggjusi un veikusi kadu
aktivu darbibu. atzimgja, ka ir reag€jusi uz reklamam reklamétaja majas lapa vai uznémuma
“Facebook” vietn€ izveidotaja biznesa lapa (skat.1.attelu)
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1.att. “Facebook” lietotaju aktivitates péc “Facebook” reklamu apskates (n=90)

41 aptaujatais Saja jautajuma atzimé&ja vairak ka vienu atbildi, kas liecina, ka reklamas
radita interese ir noturiga, jo, piem&ram, gadijuma, kad lietotajs veic pirkumu un papildus art
saglaba lapas saiti vai pievienojas lapas sekotaju pulkas, nozimé, ka pastav liela iespgja, ka §is
pircgjs veiks pirkumu ar1 citas reizes nevis tikai vienreiz, jo vinu ir ieinteres€jusi ne tikai
nopirkta prece, bet visa uzn€muma lapa kopuma. Vairakas atbildes atziméja ar tie lietotaji, kuri
reaggjusi ne tikai uz vienu “ Facebook™ atspogulotu reklamu, bet uz vairakam, kas liecina, ka
Facebook” auditorijas atlases riki darbojas precizi un tieSam ieinteres€ cilvékus, kam attieciga
reklama ir saistosa.

l.attela redzams, ka vairak ka puse respondentu (52%) péc reklamu apskates, kaut
vienreiz ir izmantojusi kadu no iespg&jam saglabat uzn€émuma majas lapu vai biznesa lapu
“Facebook” vietng, lai ar1 vélak redzetu jaunumus vai varétu lapu apskatit velak. Tas liecina,
ka reklamai ir izdevies pieveérst cilveka uzmanibu un radit interesi. 15% respondentu ir veikusi
pirkumus “Facebook” reklamas ietvaros un ari 15% respondentu atzina, ka “Facebook”
reklamas vinus neietekmé, un vini nekad nav veikuSi nekadas aktivas darbibas péc reklamas
apskates, un So atbildi bija izvélgjusies 68% no visiem virieSiem, kas bija piedalijusies aptauja.
1 respondents arT atzina, ka, pateicoties “Facebook” reklamam, ir noklausijies dazus vebinarus,
savukart 1 respondents atrada sev interes€josas domubiedru grupas. 5% respondentu ir atradusi
darbu, prakses vietu vai kursus tieSi izmantojot “Facebook” vietn€ piedavato informaciju. No
ta tika secinats, ka, “Facebook” vietné lietotie r1ki, palidz atrast potencialos klientus ne tikai
tirdzniecibas sektoram, bet ir arT efektigs riks darba tirgum un izglitibai.

“Facebook” reklamu optimizacija ir viena no popularakajam misdienu tendencém
digitalaja marketinga, tacu lidz ar tieSo marketingu un reklamu skiroSanu, rodas jautajums, vai
Sie riki neliedz lietotajiem iepazities ar citu, sev nezinamu un nepierastu saturu. Lai noskaidrotu,
kada ir lietotaju attieksme pret reklamu optimizaciju “Facebook” vietng, tika uzdoti 2 jautajumi.

1. “Vai uzskatat, ka reklamas optimiz&Sanas socialajos tiklos ir lielisks veids, ka
Jis uzzinat tikai sev interes§joSo informaciju, nepiesarnojot savu “Facebook” sienu, ar
nevajadzigu informaciju?” Saja jautajuma tika paredzéts, ka ar “ja” visticamak atbildgs cilveki,
kas pozitivi uztver reklamu optimizacijas stratégijas. Ar “ja” atbildéja 69% respondentu, 14%
lietotaju atbild€ja noraidosi un 17% respondentu nebija viedokla par $o jautajumu.

2. “Vai uzskatat, ka sada veida reklamas optimizeésana ierobezo Jisu redzesloku,
jo nedod iesp€ju apskatit reklamas, kuras nav pierasto intereSu loka?” Savukart $aja jautajuma
atbildi “ja” sniedza respondenti, kuri uzskata, ka reklamu auditorijas atlase stipri ierobezo
veseligu reklamas tirgu. Uz So jautajumu tikai 27% respondentu atbildgja apstiprinosi, savukart
57% respondentu atbild€ja noraidosi un 16% respondentu nebija viedokla par So jautajumu.
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Var secinat, ka ,,Facebook” lietotaji sava profila labpratak redz€tu sev pierastu un
pazistamu uznémumu reklamas, un vairums ,,Facebook™ lietotaji pat nevélas redzet reklamas,
kas ir arpus to interesu loka.

Secinajumi

Saja pétijuma ir aprakstiti “Facebook” socialaja tikla izmantotie riki tie§a marketinga
izmantoSana. “Facebook” izstradatie reklamu optimizacijas riki “Facebook Pixels” un
“Facebook LookALike audience” ir specializéti potencialo klientu atlasiSanai. “Facebook
Pixels” mekle potencialos klientus to cilveku loka, kuri ir apmekl&jusi uznémuma majas lapu,
un vélak sagrupé Sos lietotajus pa grupam, atkariba no darbibam, ko tie ir veikusi. “Facebook
LookALike audience” atlasa potencialos klientus, balstoties uz ieprieks izveidotu bazes
auditoriju. P&c auditorijas atlases, abi riki izstita dinamiskas reklamas, atlasitajiem cilvékiem.

Veiktas aptaujas rezultata tika secinats, ka, aptuveni 75% respondentus “Facebook™
redzetas reklamas ir pamudinajusas uz aktivu darbibu, pieméram, pirkuma veikSanu,
pierakstiSanas, lai sanemtu jaunumus (subscribe) utt. “Facebook” lietotajiem patik sava profila
redzet reklamas no majas lapam, kuras viniem ir pazistamas. Tikai 27% lietotaju Skiet, ka $ada
reklamu optimizacija ierobezo vinu redzesloku, un nelauj uzzinat par jaunam lietam.

Nemot vera faktu, ka “Facebook” ir kluvis par vienu no popularakajiem socialajiem
tikliem pasaulé, un tas ir kluvis ar par popularu platformu aplikaciju un biznesa lapu
veidoSanai, dinamisko reklamu izmantosana dod iesp&ju padarit marketinga aktivitates
“Facebook” vietné daudz efektivakas un sistematizétakas. Tas arT atvieglo uzn€muma darbu
marketinga zina, jo Sie “Facebook” r1ki, lielu dala procesu ir padarijusi automatiz&tu — sistémas
pasas atlasa auditoriju, monitor€ lietotaju darbibas, izstta dinamiskas reklamas u.c. aktivitates.

Summary

In the spring of 2016, "Facebook™ social network was 3 million advertisers. Considering
the large amount of ads that every day are created and launched in "Facebook" site, ad
optimization tools in the social network it is not just as a tool that improves the efficiency, but
also as a necessity that every ad could have an equal opportunity to reach their potential
customers. Ad optimization tools developed by the "Facebook" , like, "Facebook Pixels" and
"Facebook lookalike audience" are specialized to select potential customers. "Facebook Pixels"
looking for potential customers to the circle of people who have visited the company's website
and later grouped these users, depending on the actions they have taken."Facebook lookalike
audience” selects potential customers based on pre-specified base audience. After selection of
the audience, the two tools dispatched dynamic ads to selected people.

Within the survey it was concluted that about 75% of the respondents, answered that the
ads they saw on "Facebook" encourage them to an activity, such as a purchase, sign-up to web
pages to receive some newsletters, (subscribtion) and so on. Survey also concluded that
"Facebook" users like to see on their profile ads from the websites that they know already. Only
27% of users, think that such an ad optimization is limiting their horizons, and does not let to
find out about new things.
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levads
Matematiska model&Sana — zinatnes un tehnikas nozare, kura nodro$ina dabas paradibu,
sistému un ieri¢u darbibu izmantojot matematiskus aprakstus un modelé$anu, ar vai bez realu
eksperimentu veikSanas [5].
Analitiskas modeléSanas rezultata tiek izveidota p€tama procesa matematiskas
izteiksmes formas (atrisinagjuma) analitiska izteiksme — formula viena argumenta funkcijas
gadijuma forma [6]:

y=f) 1)
vai divu argumentu funkcijas gadijuma forma
u=u(xy). (2)
Nosauktas funkcijas var paradit grafiski plakne
(v=r) (3)
vai telpa
(u=u(xy)) (4)

izmantojot datorprogrammu atbilstoSos operatorus.
Skaitliskas modeléSanas rezultata tiek iegiits atrisinajums skaitliski, to var paradit: ar
punktu pariem

() (5)
vai grafiku
y=fx) (6)
plakng, ja mekl&jama funkcija ir forma
y = f(%); (7)
ar punktu trijniekiem
(x,y,u(x, ) (8)
vai grafiku (virsmu telpa), ja meklgjama funkcija ir forma
u=u(xy). 9)

Parcialie diferencialvienadojumi
Par parcialajiem diferencialvienadojumiem sauc vienadojumus, kas satur vairaku
argumentu funkcijas un to parcialos atvasinajumus
F(x,y,u, Uy, Uy, Uyy, Uyy, Uyy) = 0 (10)
X, Y — neatkarigiem mainigie,
u = u(x,y) —nezinama funkcija,
U, Uy, Uy, Uyy, Uy, - FUNKCIjas U attiecTgi pirmas un otras kartas parcialie atvasinajumi.

http://dx.doi.org/10.17770/het2017.21.3579
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Otras kartas parcialie vienadojumi

Otras kartas parcialos diferencialvienadojumus izmanto masas un temperatiras
parneses procesu matematiskai modeléSanai dazados fizikalos, kimiskos un biologiskos
procesos, pieméram, difiizija, absorbcija, destilacija, ekstrakcija, Zaveésana, mitrinaSana, kusana
un kristalizacija, iztvaikoS$ana, kondensacija u.c., [1], [3].

Piemé&ram, tris dimensiju (3-D) uzdevumam telpa ir jaaprékina attiecigd procesa
raksturotajas funkcijas

u=u(xyzt) (11)

(koncentracija, temperatiira u.c.) skaitliskas vertibas pie dotajiem robeznosacijumiem
(funkcijas uz telpas apgabalu ierobeZzojosajam virsmam) un sakuma nosacijumiem (funkcijas
procesa sakuma momenta pie laika t vertibas ).

Pieméram, slanainu vidi var att€lot ar 3 dimensiju paral€lskaldni telpa (1. attéls.)

AZ
Z=2Z3 =Z
‘ 3. slanis ‘
Z=Z>
2. slanis
Z2=271
1. slanis
z=20=0 .
Ly
/ I
X
Robeznosacijumi RobeZnosacijumi
uz x=0, x=I uz y=0, y=L

1.attéls Daudzslanu vide - paralélskaldnis 3 dimensiju telpa

Otras kartas parcialie diferencialvienadojumi parneses procesu matematiskai

modeléSanai:
azu azu aZu
Dxﬁ+Dya_3,z+DZ§+f(xry'z)=0 (12)
(12) ir Puasona vienadojums, model€ stacionaru siltuma lauku un citus ar stacionaru

rezimu (nav atkarigs no laika t) saistitus procesus [4]:

a) masas parnesi, tad
u=u(x,y,2z) (13)
ir mekl&jama masas sadalijjuma (koncentracijas) funkcija,
b) siltuma parnesi, tad
u=u(xy,z) (14)
ir meklgjama siltuma lauka sadalijuma funkcija.
;—x(kxg—z) + :—x(kyg—;) + F(x,y,t) = cp% (15)

Vienadojums (15) ir siltuma vadiSanas vienadojums, tas lauj risinat uzdevumus par
siltuma izplatiSanos, difiziju un citus procesus.
u=1u(xy,t), (16)
(16) - meklgjama temperatiiras vai masas sadalijuma funkcija.
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Parneses procesu skaitliska modeléSana
Biezi vien daudzos uzdevumos, kuri raksturo realus procesus, nav iesp&jams atrast
parciala diferencialvienadojuma precizo atrisinajumu ar elementaro funkciju palidzibu. Tados
gadijumos lieto tuvinatas metodes ar skaitliska atrisindjuma mekléSanu. Visbiezak izmanto
galigo diferen¢u metodi (Finite Difference Method). Galigo diferencu vai rezga metode balstas
uz atvasinajumu aptuvenu aizstasanu ar to diferencu izteiksmém [1]. Piem&ram, parcialais
atvasinajums péc x:

Uyx (xi» tn) (17)

tiek aizstats ar diferencu izteiksmi (19), bet atvasinajums péc t:
ue (%, ty) (18)

ar (20).

u(xj_q,tn)—2ulxjtn)+ulxiy1,tn)

uxx(xi; tn) ~ 1 2 = (19)
u(xjtne)—ulxitn_1)

1, (x;, ) v Einet)WCitns (20)

Skaitliska modeleéSana ar datorprogrammu Maple
Aprekinu uzdevums. Dots tievs, homogens stienis ar uzdotu temperatiiru. Visam X
vertibam no intervala (0, 1) sakuma momenta t=0 temperatiiru mainas péc formulas
U(x, 0) = f(x) (sakuma nosacijums).
Stiena temperatiira galos mainas péc likuma (robeznosacijumi):

Kreisais gals U(0,t) = uy(t) (21)
Labais gals U(l,t) = uy(t) (22)
Laiks mainas intervala O0<=t<=T

Jaatrod:

Temperatiiras sadalfjumu visiem x no intervala (0,1) laika intervala 0 <=t <= T,

meklgjama funkcija ir:
u = u(x,t). (23)

Nosactjumi:

=1

T=01 (0<=t<=0,1)

Aprekins:

Aprekins datorprogramma Maple tiek veikts vienadojumam, - 2. kartas parcialajam
diferencialvienadojumam. Ievads programmas loga koda forma redzams 2. attela.

PDEA = diff (ue(x, ), t) = diff (u(x, 1), x, x);

- (x, 7) o (x, 7)
3 2l x. = WX
o1 ax~
IBC4 == {u(x, 0)=x-(1—x) + 0.85, (0, 1) =0.85, u(1,1) =085}, 0 <t < 0.1;
0<x<1;

O0=<x and x < 1
smodd = /)dxol\‘e(l’/ YEH, IBCH, tvpe = numeric, method = DuFortFrankel,
tartup = Euler, ti tep = !
hY 7 7 o F 4 zstep 3
startug uler, timestey 50

2.attéls Maple programmas koda dala uzdevuma aprékinasanai

P&c robeZproblémas aprékinasanas, ievadot papildus koda rindas ir iesp&jams attelot 2.
kartas diferencialvienadojuma atrisinajuma rezultatu grafiski. Ta att€loSanai 2D grafika veida
nepiecieSamas papildus komandas (3. attéls) un rezultats tiek atveidos xy koordinatu plakné (4.

attels) [2].
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pl == smoad.-ploi(t =0, color = red)

p2 = smoad:-plot(1 = 0.025, color = maroon)
23 = smodd -plot(1 = 0.050, color = blue)
P v smodd-plo(t = 0,075, color = graen)
PS5 v smodd.-plot(: = 0.1, color = yellow)
Plots| display|({pl, p2, p3, p4, p3));

3.attels 1zejkods 2D grafika veidoSanai

1,109

0.954
0.901

0.851

0 0.2 0.4 0.6 08 1

4.attéls Atrisinajuma grafiks 2D telpa

Datorprogramma Maple dot iesp&ju att€lot robezproblémas atrisinajumu ar1 3D forma,
ievadot citas komandas (5. attéls) un rezultats tiek att€lots telpa xyz (6. attéls), kas dot
parskatamaku atrisinajumu.

smodd.-plor3d{t=0.0.1, x=0 .1, axes = boxed
ort@uation= | -120,40],
color= 10,0, u});

5.attéls 1zejkods 3D grafika veidosanai

6.attels Atrisinajuma grafiks 3D telpa
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Analitiska un skaitliska modeleéSana ar datorprogrammu MatLab

Uzdevumam ar datorprogrammu MatLab tika nemts uzdevums kur bija arT homogeéns
metala stienis ar garumu x (0, 1) un laika intervalu t (0, 3). Uzdevuma aprékinasanai ir dots
parcialais diferencialvienadojums

m2up(x, t) = ul(x,t) (24)

robeznosacijums
u'(o,t) =0 (25)
u,(1,t) = —me™t (26)

un sakums nosacijums
u(x,0) = sinmx (27)
Uzdevuma bija noteikts, ka jaatrod temperatiiras sadalijums visiem X, ja stienis tiek
sildits tikai no vienas puses. Robezproblémas (24 — 27) analitiskais (precizais) atrisinajums ir
forma:
u(x,t) = e tsin(mx). (28)
Tas tika izdarts izmantojot mainigo atdaliSanas metodi [1].
Datorprogramma aprékinu kods tiek ievadits pa atseviskam funkcijam (7. attéls) un tiek
apvienots pamata izpildes koda (8. att€ls) [3].

function pdexl 4_1

[=]
e

m
linspace(0,1,30);
linspace(0,3,31);

T

sol = pdepe (m, Bpdexipde, Bpdexlic, @pdexlbe,x,t)
u=s0l{:,:,1);

7.attéls Funkcija 2. kartas diferencialvienadojuma apréekinam.

function [c,f,s8] = pdexlpde(x,t,u, ubx)
c = pi~2;

f = DuDx:

s = 0;

function ul = pdexlic (x)

uld = =in(pi*x);

function [pl,gl,pr,qr] = pdexlbc(xl,ul,Xr, ur,t)
pl ul;

gl az

pr pi * exp(-t):

qr 1:

8.attéels Funkcijas atseviSkas aprékina dalas
Péc programmas palaiSanas ir iesp€ja attelot rezultatus grafiski, pielietojot atbilstoSos

operatorus, lauj izveidot 3D grafikus &rtakai rezultatu apskatei un prezentéSanai. MatLab lauj
pievienot grafikiem legendu, kas padara vieglaku rezultatu att€losanu (9. attls).
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figure; =1
v Skaitliskars atnsmajums 30 refga punklos
surf(x,c,u)
cicle( )
xlabel | )
yaabel ( ) 1

Ardums x

9.attels Uzdevuma skaitliskais atrisinajums ar 3D grafiku

Dotajam uzdevumam programma lauj veidot grafiku ar1 analitiskajam atrisinajumam,
jo uzdevums bija speciali izvélets ar mérki paradit abus modeleSanas veidus — analitisko un
skaitlisko. Analitiskais atrisinajums veidots ar1 3D forma (10. attels).

figure;

Anatiskais(precizas) strisindums 30 rel (s punktos

Laiks 1 0o

Atdlums x

10.attéls Uzdevuma analitiskais atrisinajums 3D forma

Summary
After calculations and making graphs for border issue solution, can be concluded that
each program has there own specific characteristics which must be met in future work with
them. For example, Maple advantage in 3D graphics making, because they can move freely
(range 0-360 degrees) and they look more efficient compared with MATLAB graphs. But
MatLab is better for making calculations as code for making them is easer to understand and
can be made from seperate parts into bigger problem calculating systems.
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OBJECT RECOGNITION METHODS IN COMPUTER VISION USING
IMAGE PROCESSING LIBRARY EMGU CV

OBJEKTU ATPAZISANAS METODES TEHNISKAJA REDZE IZMANTOJOT
ATTELU APSTRADES BIBLIOTEKU EMGU CV

Autors: Andris Balodis, e-pasts: shalunn@inbox.lv
Zinatniska darba vaditajs: Péteris Grabusts, Dr.sc.ing.,prof., e-pasts: peteris.grabusts@rta.lv
Rézeknes Tehnologiju akadémija, AtbrivoSanas aleja 115, Rézekne

Abstract. This paper describes how object recognition is being done in delta robot station using
computer vision which functionality is based on image processing library Emgu CV. In this paper there
are developed some algorithms that determine rectangle form object position, color, angle of rotation and
area. All these parameters allow to position and sort objects that move on conveyor belt. Each algorithm
testing is being done on delta robot station that already contains video camera and artificial light source.
The results show that algorithms do all necessary parameters determination and in addition these
algorithms allow determining parameters for square and round objects too. Developed algorithms can be
used in several disciplines, for example, in food and stationery products sorting. Application of computer
vision simplifies and makes more efficient every monotone process especially when this process is being
done by robots which can increase process speed and precision multiple times.

Keywords: computer vision, delta robot station, Emgu CV, image processing, object recognition.

levads

Misdienas ikvienu raZzo$anas procesu mégina automatiz&t ar mérki paaugstinat darba
raZigumu un izvairities no cilveékresursu kliidam.[1] Pre¢u salikSanas procesa automatizacijai
biezi pielieto vairakas tehnologijas, kuras aizvieto cilvékresursus. Viens no automatizacijas
variantiem ir izmantot precu sort€Sanas staciju, kas sastav no delta robota, tehniskas redzes un
konveijera.[2] PriekSmeti, kas nak pa konveijera Iiniju un tiek tehniskas redzes darba zona, tiek
atpaziti un datorvadibas sistéma, vadot delta robotu, nodroSina priekSmeta satverSanu un
parvietodanu uz noteiktu poziciju. Saja darba tiek veikta vairaku tehniskas redzes algoritmu
izstrade.[3]

Darba merkis ir izstradat algoritmus taisnstiirveida objektu pozicijas, krasas,
pagrieziena lenka un platibas noteikSanai ar tehniskas redzes palidzibu.

Darba tiek izpilditi sekojosi uzdevumi:

1. Tiek nodrosinata video kameras att€lu iegiSana datorprogramma.

2. Tiek nodroSinata att€lu apstrade objektu pozicijas, krasas, pagrieziena lenka un
platibas noteikSanai.

3. Tiek piedavata metode, ka uzlabot attélu apstrades sistémas darbibu.

Objekti un metodes

Lai atvieglotu So algoritmu izstradi, ir pieejama delta robota stacija, kura satur video
kameru un maksligo gaismas avotu. Datorprogrammas izstrade tiek veikta izstrades vidé Visual
Studio 2012, izmantojot biblioteku Emgu CV.

Emgu CV ir brivi pieejama attelu apstrades bibliotéka, kuru izstradaja ar merki dot
ikvienam cilvékam iesp&ju veidot savas att€lu apstrades sisteémas.[4] Biblioteka ir integrétas
vairakas gatavas metodes, kas dod iesp€ju atrak un efektivak veikt att€lu apstradi, netérgjot
laiku bazes funkcionalitates izstradasanai.[5] Saja darba tiek aprakstits tas, kada veida tiek
istenota objektu atpaziSana delta robota stacija, izmantojot Emgu CV biblioteéku. [zmantojama
delta robota stacija tiek paradita 1. att.

http://dx.doi.org/10.17770/het2017.21.3582
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1. att. Delta robota stacija ar tehnisko redzi

Datorprogramma att€lu iegtiSanai no video kameras, ir nepiecieSams izveidot atsevisku
datorprogrammas plismu (Thread), kas paraléla reZzima veic datu nolasisanu no video kameras.
S1 datu nolasiSana tiek veikta ar metodi, kura tiek izsaukta 30 reizes sekundgé, nodro$inot $ada
veida nepartrauktu att€lu iegiiSanu un apstradi. Lidz ar to, katru reizi 30 sekund@s
datorprogramma veic katra att€la kadra apstradi, nosakot objektu raksturlielumus realaja laika.
Zemak dota koda rinda saglaba katru video kameras kadru mainigaja ,,frame”.

Image<Bgr, Byte> frame = _capture.QueryFrame().Clone();

Objektu atpazisanai ir svarigi nodroginat objektu labu redzamibu attéla. Saja darba ir
janolasa taisnstirveida kastites, kas parvietojas pa konveijera lentu. Kastites atSkiras viena no
otras p&c pozicijas, krasas, pagrieziena lenka un platibas. Konveijera lenta ir melna krasa. Lidz
ar to krasainas kastites var bt labi novérojamas uz melna konveijera lentes fona.

Kameras iz8kirtspgja ir 640x480 pikseli, no kuriem 640 ir x ass, bet 480 ir y ass. Objekti
parvietojas pa konveijeru x ass virziena. Objekta centrs var atrasties jebkura pozicija y ass
virziena. Katra objekta garums ir 150 pikseli, bet platums 100 pikseli.

Attels, kas nak no video kameras, sakotngja varianta tick automatiski apstradats ar video
kameras palidzibu. So automatisko apstradi ir jaizslédz, lai padaritu attélu krasas
viendabigakas. Tomeér tapat att€ls satur digitalos trokSnus, kas rodas maksliga gaismas avota
iedarbibas rezultata. Sos digitalos troknus var nonemt, pamainot attéla kontrastu, spilgtumu,
toni un citus parametrus. Tas var biit izdarams no paSas datorprogrammas, jo Emgu CV
biblioteka ir ieklautas metodes, kas dod iesp&ju mainit video kameras attéla iestatijumus.
Eksperimentali mainot dazadus parametrus tiek iegiits normaliz&ts att€ls, kur ir asi kontiri starp
objektiem un fonu. Zemak dotais kods iestatata video kameras parametrus.
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_capture.SetCaptureProperty(CV_CAP_PROP_EXPOSURE, parameters.exposure);
_capture.SetCaptureProperty(CV_CAP_PROP_GAIN, parameters.gain);
_capture.SetCaptureProperty(CV_CAP_PROP_BRIGHTNESS, parameters.brightness);
_capture.SetCaptureProperty(CV_CAP_PROP_CONTRAST, parameters.contrast);
_capture.SetCaptureProperty(CV_CAP_PROP_SATURATION, parameters.saturation);
_capture.SetCaptureProperty(CV_CAP_PROP_WHITE_BALANCE_BLUE_U,
parameters.whiteBalance);

Nakamais posms skar attéla apstradi, jo ir nepiecieSams veikt katra att€la objektu
kontiiru noteikSanu. To palidz izdarit Emgu CV iebuvéta metode, kas automatiski apstrada
att€lu un visos kontiiros starp objektiem un konveijera lentu saliek punktus, tada veida katra
objekta konttrs tiek parveérsts punktétas linijas. Zemak dotais kods atrod objektu kontiirus
attela.

MemStorage stor = new MemStorage();

Contour<Point> contours =
frame2.FindContours(CHAIN_APPROX_METHOD.CV_CHAIN_APPROX_SIMPLE,
RETR_TYPE.CV_RETR_TREE, stor);

Katrs kontlirs satur loti daudz punktu, ar atstatumu ne vairak par 5 pikseliem starp
punktiem. Sos punktus talak ir jaapstrada ta, lai katrs taisnstiirveida objekts saturétu tikai &etrus
punktus, pa vienam punktam uz katru stiiri. Katra kontiira punktu skaita samazinasanu palidz
veikt cita Emgu CV bibliotekas metode, ar kuras palidzibu punktu kopa tiek optimizeta, un tie
punkti, kas atrodas viena taisné starp jebkuriem diviem citiem punktiem, tiek iznemti no kopgja
punktu saraksta. Tada veida visi starppunkti tiek iznemti, un rezultata katrs kontiirs satur tikai
4 punktus. Katra objekta 4 punkti tiek glabati atseviskos List<Point> sarakstos. Zemak dotais
kods izveido optimiz&to konttiru punktu sarakstus, analiz&jot kontiirus ar lielu punktu skaitu.

List<List<Point>> contourPoints = new List<List<Point;
contourPoints.Add(new
List<Point>(contours.GetConvexHull(ORIENTATION.CV_CLOCKWISE).ToArray()));

Nakamaja posma ir janosaka objekta pozicija uz konveijera lentes. Lai to noteiktu, var
izmantot objekta konttira punktus, atrodot centru starp $iem punktiem. Centra atrasana tiek
veikta, nosakot minimalas un maksimalas punktu koordinates, un tad, saskaitot un izdalot tas
ar 2, tiek iegita to vid€ja vertiba. Datorprogramma dod iesp€ju veikt nepartrauktu sekoSanu péc
objektiem pa visu att€lu, toméer tas pavisam nav nepiecieSams. Pietiek nofiksét tikai to poziciju
tad, kad tie parvietojas tiesi pari attéla centram. Saja momenta ir japievieno $1 objekta pozicija
kopgja poziciju saraksta. Lai viens un tas pats punkts netiktu atkartoti pievienots katros
nakamajos kadros, ir javeic punktu nepartraukta salidzinasSana, lai tikai unikalie punkti varétu
biit pievienoti kop&ja punktu saraksta. Tiek paredzéts tas, ka jauns punkts katra ieprieks
pievienotaja pozicija var biit pievienots tikai péc noteikta laika intervala. P&c §1 laika intervala
ieprieks pievienotie punkti maina savu trigera stavokli un dod iesp€ju to y ass pozicija pievienot
jaunus punktus.

Lai noteiktu objekta platibu, var izmantot metodi, kura var apstradat ieprieks atrastos
kontiirus un izvadit kontira platibu skaitliska vertiba. Saja gadfjuma tiek pielietota
trigonometrija, kad starp katriem trim punktiem tiek aprékinats laukums un pé&c tam visi
laukumi tiek kopa saskaititi. Zemak dotais kods dod iesp&ju noteikt kontiira platibu.

contour.ContourArea();
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Lai atrastu objektu pagrieziena lenki starp apaks€jo garako objekta malu un video
kameras x asi, ir nepiecieSams atrast tos divus kontiira punktus, kas atrodas zemak par pargjiem.
Kaut arT katrs objekts satur 4 punktus, nav iesp€jams viennozimigi pateikt, kuri no Siem
punktiem atrodas attéla apaksa vai augsa. Lidz ar to ir javeic vairakas parbaudes, kuras atlasts
apaksgjos punktus pa taisnstiira garako malu, un tikai tad var aprékinat objekta pagrieziena
lenki. Zemak dotais kods dod iesp&ju aprékinat objekta pagrieziena lenki.

double angle = (Math.Atan2(pl.Y - pl.Y, p1.X + 5 - p1.X) - Math.Atan2(p4.Y - pl.Y, p4.X -
pl.X)) / ((float)(Math.PI / 180f));

Lai noteiktu objekta krasu, ir jaizmanto objekta centra pozicija. Eksperimentali ir
noteikts, ka objekta krasa dazreiz var saturét nelielus digitalos troksnus, kas ietekme krasas
$0 centra poziciju. ST krasa tiek salidzinata ar standartkrasam un tiek noteikts tas nosaukums.

Izpildot visas augstak minétas darbibas, tiek ieguti visi nepiecieSamie objekta
raksturlielumi. Ta ka objekti pa konveijera lentu nepartraukti parvietojas ar konstantu atrumu,
tad katra jaunaja att€la kadra ir javeic katras ieprieks atrastas pozicijas x vertibas palielinaSana,
lai delta robota satveérgjs varétu zinat to, kura momenta tam ir jasatver objekts un kur Sis objekts
atrodas. Apstradats video kameras attéls tiek dots 2. att. kreisaja dala, bet normalizéts attéls ar
asiem kontiiriem tiek dots 2. att. labaja dala. Visu algoritmu darbibas principu kopsavilkums
tiek dots 3. att.

——
2. att. Apstradats un normalizets video kameras attéls
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3. att. Objekta raksturlielumu noteikSanas algoritmi

Rezultati un to novertéjums

Izstradatie datorprogrammas algoritmi dod kvalitativus rezultatus veicot objektu
atpaziSanu. Kaut arT algoritmi ir paredz€ti tiesi taisnsturveida objektu satverSanai, tie ari pareizi
strada ar kvadratveida un apaliem objektiem. Tika arT eksperiment€ts ar trissttrveida objektiem,
tomer ar tiem vairakos gadijumos radas problémas, jo satverejs nevargja tos kvalitativi satvert.

Iespéja satvert arT apalos objektus radas tapec, ka algoritms apalaja konttira atrada nevis
4 stura punktus, bet apméram 16, kas bija vienmerigi salikti pa visu kontiiru. Tada veida tika
precizi noteikts apala objekta centrs, krasa un platiba. Bet pagrieziena lenkis $aja gadijuma bija
ap 0 gradiem, tapec satvergjs to satveéra ka jebkuru taisntiirveida objektu, kas ir horizontali
novietots.

Péc eksperimentu datiem tika noteikts tas, ka objekta krasa att€la vidi pa visu x asi ir
spilgtaka, neka ta ir att€la apaksa vai augsa. Lidz ar to programma tika pievienota metode, kas
automatiski paaugstina krasas spilgtumu, ja objekts atrodas tuvak apak3ai vai augSai. Sada
veida tika kompenséta krasu daudzveidiba un tas kluva viendabigakas. Krasu daudzveidibu var
ar1 samazinat, ja maksligos gaismas avotus novietot nevis X ass virziena, bet gan y ass virziena.
Tada veida visa centrala dala biis vienada spilgtuma un, Iidz ar to, visu objektu krasas biis
viendabigakas.
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Secinajumi

Dotaja darba ir detalizéti paskaidroti datorprogrammas algoritmi, ar kuru palidzibu delta
robota stacija var automatiski veikt taisnstiirveida objektu atpaziSsanu uz konveijera lentes.
Rezultata tiek iegiiti algoritmi, kas veic visu nepiecieSamo objektu raksturlielumu noteikSanu
un papildus arT dod iesp€ju veikt kvadratveida un apalo objektu raksturlielumu noteikSanu.
Izstradatos algoritmus var pielietot vairakas nozarés, pieméram, konfeksu vai kancelejas precu
SkiroSana.[6][7] Tehniskas redzes pielietoSana butiski atvieglo monotonu darbu, it Tpasi tad, kad
tehnisko redzi izmanto kopa ar robotiem, kas var vairakkartigi paaugstinat procesu veikSanas
atrumu un precizitati.[ 8]
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Abstract - Because of the climate change and new laws to reduce the carbon dioxide emission, the
automotive industry has a major potential. With alternative actuations and new ways to make fuels accessible,
like Power2Gas, it is possible to drive nearly CO2 neutral. This examination considers especial passenger cars
and lorries in Germany in terms of costs, different fuels and emission exhaust.

Keywords: Automotive Industry, car, CO2, Germany, Power2Gas

1 Introduction
Because of an EU regulation, the reduction of carbon dioxide emissions from passenger
cars is needed. [1] One possibility to achieve this, is the reduction of fossil fuels and their
replacement by using the Power2Gas method. As an example, electricity is used to produce
hydrogen which can be used as fuel. Thereafter, carbon dioxide from the environment is taken
for the chemical reaction to produce natural gas. The following text shows the use of natural
gas as fuel for passenger cars and lorries.

2 Natural gas in practice for cars in Germany

The regular consumption of energy in the transport sector, which has to be replaced for
e-cars adds up to 683.000 GWh per year. [2] For this example, it is anticipated that every
passenger car runs on electricity. To calculate the average fuel consumption, it is necessary to
keep in mind that diesel cars are usually driven over longer distances. Therefor it is assumed
that they drive 50 % more than cars with petrol actuation. With an estimated consumption of
six litres for diesel cars and eight litres for cars with petrol actuation, an average consumption
of 6,8 litres can be received.

Table 1
Average values from diesel and petrol
Diesel | Petrol | Average
Efficiency [%] [3] 33,00 | 25,00 27,67
Volumetric energy density [KWh/I] [4] 9,86 8,77 9,32
Fuel consumption [1/200 km] 6,00 8,00 6,80
Table 2
Energy consumption per year
Diesel Petrol Sum
Percentage [%] [5] 32,90 65,50 98,00
Number of passenger cars in Germany [5] 15.069.371 | 30.001.332 | 45.803.560
Average driving distance [km/a] [6] 14.000 14.000 14.000
Energy content per 100 km [kKWh/100 km] 19,52 17,54 37,06
Energy content per kilometre [kWh/km] 0,1952 0,1754 0,3706
Total kilometres in Germany [km/a] 2,1*101 4,2%101 | 6,3*10
Energy consumption per year [GWh/a] 41.187 73.671 114.859
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In this scenario, the energy consumption increases by about 0,17 %. One possibility to
supply the additional energy is the installation of wind turbines. If each of them has a power of
3,4 MW and runs with about 2440 full load hours per year [7], in amount of 596 new wind
turbines is needed. Another point is, that cars which run on electricity have an increased loading
time. Along with the limited space at the filling stations, a loading time of about one hour leads
to potential shortages. Because of that, the mobility cannot be provided only with electricity.
An opportunity is the Power2Gas method. The best advantage is that passenger cars which run
on gas exhaust less carbon dioxide than passenger cars which run on petrol or diesel. The
assembly for a gas passenger car is quite like a petrol or a diesel passenger car. A big difference
can be seen in the tank for the gas. Since gas has a lower energy density, it can achieve a much
higher range by setting it under high pressure of about 200 bar. Nowadays the tank is built in
the end of the underbody. This has a positive effect on the driving dynamics and less space is
taken up. The characteristic of the gas tank makes this passenger cars more expensive than a
petrol or diesel version. This difference is shown in Table 3

Comparison of VW Passat Trendline with different actuations [9]

2.1 Costs of different sources of energy
Since there are no taxes on gas, the price is lower for gas compared to other fuels. An
exact cost overview is shown in the following diagramm.

Development of fuel prices

2,00
1,50 igg 1,39 1,28
117 1,08
1,00
0,72 0,71 0,69
0,50
0,00
2014 2015 2016
Gas (€/petrol equivalent) Petrol (€/1) Diesel (€/1)

Figure 1: Development of fuel prices [8]

To specify the differences even more, the next table shows the comparison between a
petrol, a diesel and a gas VW Passat Trendline. [9]

Table 3

Comparison of VW Passat Trendline with different actuations [9]
Motorization 1.8 TSI 2.0 TDI (DPF)* 1.4 TSI ECOFUEL
Fuel Petrol Diesel Natural gas \ Petrol
Power (KW/HP) 118/160 103/140 110/150
CO2 emission (g/km) 180 146 123 | 166
Emission class EURO 5 EURO 5 EURO 5
Range (km) 946 1.250 467 | 431
Empty weight (kg) 1.469 1.527 1.602
Basic price (€) 27.675 28.150 30.525

* DPF means diesel particulate filters
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To get a comparable range, the 1.4 TSI Ecofuel drives with petrol and natural gas. The
descending order of the range starts with 1.4 TSI Ecofuel than 1.8 TSI and 2.0 TDI. Apart from
the price and the weight the 1.4 TSI Ecofuel has the lowest CO, emission which is besides the
fuel costs, shown in Figure 1, the major advantage of this version.

2.2 Efficiency
The specified comparison of the VW Passat Trendline shows that a gas passenger car
can decrease the greenhouse gas emissions a lot. [9]

gas vs petrol gas vs diesel

CO2 reduce about 80% CO2 reduce about 10%
NMHC reduce about 80% NMHC reduce about 60%
THG reduce about 20% NOx reduce about 90%
OZON reduce about 40% THG reduce about 10%

OZON reduce about 80%

All in all the usage of gas has many advantages for customers and for the car industry,
because in 2021 every new passenger car is allowed to exhaust only 95 g CO2/km. [1] If the
natural gas is produced in a green way a cycle of carbon dioxide emissions starts, in which
present carbon dioxide is used to produce natural gas and the same amount of CO; is going to
be released as exhaust gas from passenger cars. With this cycle, it is possible to drive CO>
neutral.

2.3 Infrastructure
Germany has about 900 natural gas stations and more than 7.000 LPG filling stations.
[10] In comparison, there are 6.500 electricity stations [10] and 14.531 regular filling stations
[11]. A Disadvantage of the electricity station is, that the plug is not standardized, therefore not
every station can be used by any car. This and the loading time problem is a handicap for many
customers. The biggest problem for the politic is to supply the complete energy and reduce the
carbon dioxide emission.

2.4 Alternative actuations for lorries

Because of the dramatically changing climate and thereby connected climate protection
ordinances, the automotive industry had to discover new actuation-options to decrease CO>
equivalent emissions. This is especially necessary for the logistic department since lorries made
up 73% of Germany’s haul capacity in the year of 2016. [12] As seen in the following table,
the greenhouse gas output of lorries is much higher compared to freight trains and inland
navigation vessels. Furthermore, the energy consumption of lorries is more than three times
higher than the other two alternatives. Not biogenic petrol is a key factor to decrease these
emissions and provide the needed energy.

Table 4
Comparison of average emissions for different transportation means in goods traffic -
2014 [13]
Lorrie | Freighttrain | Inland navigation vessel
Greenhouse gas* [g/tkm] 101 24 ** 31
Carbon monoxide [g/tkm] 0,125 0,019 0,077
Volatile organic compounds [g/tkm] | 0,036 0,005 0,028
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Nitrogen oxide [g/tkm] 0,344 0,063 0,433
Particulate matter [g/tkm] 0,005 0,001 0,01
Energy consumption [MJ/tkm] 1,4 0,3 0,44

* CO3, CH4 and N2O specified in CO2-equivalent
** Designated emission factors for the freight train are based on information about average electricity-mix in
Germany

The following chapter shows the potential of not biogenic petrol in comparison to
regular diesel for the logistic industry. Therefore, it is necessary to show the ecological and
economical differences between a regular diesel lorry and models with LNG or CNG actuation.
To show the general cost differences, the comparative cost method is going to be used.

2.4.1 Period-oriented cost comparison

To compare the costs properly the acquisition- and operation costs, capital consumption
and capital costs are going to be determined. The acquisition costs are always dependent from
amenities, model and brand. To make this comparison as significant as possible, it will
concentrate only on the “Iveco Stralis” in its CNG, LNG and diesel version. The CNG and LNG
versions use natural gas as fuel which is about 25 % better in matter of CO,— output than diesel.
They have the least CO2 — output of all fossil fuels because of their favourable proportion of
carbon and hydrogen. CNG is a byword for “Compressed Natural Gas” which is stored at a
compression rate of about 200 bar. However, LNG is the same natural gas but in a liquid form
(“Liquefied Natural Gas”). The gas must be cooled down to at least 111 Kelvin in order to be
fluid. LNG has a volumetric higher energy density than CNG but if there are long periods where
the car or lorry is not ridden, there can be evaporation losses. That is why LNG can be perfectly
used for lorries because of their continuously use. [14]

The higher acquisition costs of the LNG lorries are not to disregard for an industry that
needs a large fleet. Therefore, the German ministry of economics plans facilitation to close the
gap between diesel, CNG and LNG lorries and make the new technology more attractive for
the logistic industry. The planned facilitation shall grant facilities from around 40 % of the
additional costs for large scale manufacturer, 50 % for mid great corporations and 60 % for
small corporations. [15] For this comparison the facilitation is going to be ignored since it is
not significant yet.

Acquisition costs

€14 00 00,00 €13 15 00,00
€12 00 00,00
€10 00 00,00

€8 00 00,00

€6 00 00,00

€4 00 00,00

€2 00 00,00

€-

€12 15 00,00

€915 00,00

Iveco Stralis XP Iveco Stralis NP Iveco Stralis NP
Diesel CNG LNG

Figure 2: Comparison of acquisition costs [15]

50



RTé 5 i [I. | 21. starptautiska studentu zinatniski praktiska konference

REZEKNES TEHNOLOGIU AKADEMLIA Cilveks. Vide. Tehnologijas

To complete the cost comparison method, this diagram shows all annual costs of each
version. All costs are for 60.000 kilometres per year and only the costs that are divergent from
each other are mentioned. The operation costs consist of costs for: fuel, diesel exhaust fluid
(DEF), repair and service. Other comparable costs are not included here because of their
independency of the actuation type. The fuel prices can fluctuate depending on many different
factors but it can be assumed that LNG always costs 0,20 € less then diesel. [15] The capital
consumption is determined over five years corresponding to the AFA table for lorries linear.
[16]

Costs per year

€500 00,00
€4 50 00,00

€4 00 00,00
€3 50 00,00
€3 00 00,00
€2 50 00,00 p
€2 00 00,00
€48 00,00
€1 50 00,00 €48 00,00

€1 00 00,00
€50 00,00
€_
Iveco Stralis XP lveco Stralis NP Iveco Stralis NP
Diesel CNG LNG
® Fuel [€/a] DEF [€/a]

Repair and service [€/a] ™ Capital consumption [€/a]

Figure 3: Comparison of annual costs [15]

As it is clearly seen in the diagrams above, both CNG and LNG are cheaper in terms of
average costs per year compared to the Iveco Stralis XP. Because of much higher acquisition
costs and fuel price compared to the Iveco Stralis NP with CNG actuation, the Stralis with LNG
actuation could not beat the costs of the CNG-version. Another main difference can be seen
between CNG and LNG. The CNG lorry has a range of about 570 kilometres which is way too
little for national and international intercity transport. That is why the Iveco Stralis XP with
LNG actuation and 1.500 kilometres of range is the best option out of these three. In addition
to these economic benefits, there are many ecological benefits too, as seen in chapter 2.2.

3 Exemplary representation Germanys in 2030 and further

As explained in chapter 2, some federal states of Germany decided to avoid internal
combustion engines for all new registered cars after 2030. Since this decision is not an actual
law yet, a scenario is created in this chapter in which the decision is a general law for Germany.
To concretize the first scenario, it is assumed that every new registered car after 2030 must be
powered by a natural gas actuation. This change is not only a chance for the climate but has
also massive financial impacts.

There are 55.600.000 motor vehicles in Germany in 2017 [17] and it can be anticipated
that this number will probably not fluctuate that much anymore. If there are 55.600.000 of them
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in 2030 too, and every year around 3.000.000 motor vehicles are going to be registered, it would
lead to the following calculation. [18]
55.600.000 cars

3.000.000 &2

On basis of this calculation there would be no cars with internal combustion engine in
2049 anymore. To serve all these vehicles with natural gas, new filling stations must be built.
Currently there are 14.531 filling stations in Germany [11] of which 877 are for natural gas
already [19] [10]. If every remaining filling station would become a gas station at the cost of
around 1.000.000 € [15], the total costs would be 13.654.000.000 €. Distributed onto the years
that leads to investment costs of 718.631.578,90 € per year till there are no cars with internal
combustion engine anymore. This economical effort is accompanied by the ecological chances.
If every of the 30.001.332 passenger cars with petrol actuation [20] would change to natural
gas, it would reduce the CO emission by 80 %. [9] With 0,66 g per car [13] that leads to a total
decrease of:

g

O66—*08*30001332€ar5— 15.840.703,3 g = 15.840,7 kg

But not only the CO emissions decrease drastically in this scenario but also the CO>
emissions for passenger cars compared to petrol or diesel with the same number of cars.

= 18,5333 a

Table 5
CO2- emissions driven by different actuation (scenario 1)
CNG Diesel Petrol
CO2 output [g/km] [21] 86,4 145,8 174,0
Number of cars [20] 45.803.560 | 45.803.560 | 45.803.560
Average driving distance [km/a] [6] 14.000 14.000 14.000
Total CO2 emissions [t/a] 5,5404*107 | 9,3494*107 | 1,1158*10°

As seen in chapter 2.2 other greenhouse gases will reduce dramatically as well.

For the second scenario, it is assumed that 50 % of the new registered cars will run on
natural gas and the other half will be powered by electricity. In this case, not only the gas filling
stations have to be built but also more electricity stations must be built. Since there are 6.620
electricity stations already [10] and it is assumed that every new filling station has eight
electricity dispensers, which cost between 590 € and 3.000 € [22], that leads to total investment
costs of 13.767.601.960 €. Contrasted to the costs the compared CO2 emissions for passenger
cars show the major advantage e-cars.

Table 6
CO2- emissions driven by different actuation (scenario 2)
CNG E-cars Diesel Petrol
CO2 output [g/km] [21] 86,4 57,0 [23] 145,8 174,0
Number of cars [20] 22.901.780 | 22.901.780 | 45.803.560 | 45.803.560
Average driving distance 14.000 14.000 14.000 14.000
[km/a] [6]
Total CO2 emissions [t/a] 2,7702%107 |  1,8276*10" | 9,3494*107 | 1,1158*10°
Total CO; emissions for CNG 4,5978*107
and e-cars [t/a]
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Table 6 clarifies the advantage of CNG and electricity actuations in terms of the
reduction of COz emissions. All in all, the adjustment to natural gas actuation can help to slow
down the climate change dramatically and with future facilitation and a better environment,
natural gas is a serious alternative to petrol or diesel.
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Abstract. This Article is about chances for carbon fiber reinforced polymers, following shortened
CFRP, concerning its efficient, powerful, ecosensitive, sustainably and new technical inventions in several
areas. It discusses this innovative new material concerning previous history, its production, its pros and cons
and new possibilities, as well as the recycling in all its perspectives. Also, biodegradable alternatives of CFRP,
like green composites and biocomposites are discussed.

CFRP in nowadays

Due to its low weight and high mechanical properties, CFRP is increasingly found in
the automotive industry, power engineering, high-performance sports, boatbuilding and
aerospace industry. The highly frequently use of CFRP is based on its resource saving
possibilities of lightweight construction and long-life cycle. This high-duty CFRP gives the
chance for even bigger and solid constructions, for example used for wind power plants.
Worldwide there are wind power plants with a performance of about 190GW. In 2010 a growth
of 15%, about 30GW a year, was predicted. To accomplish this growth, CFRP is essential
needed to design larger, durable and more efficient constructions of wind power plants.

Furthermore, the application of CFRP is essential in order to optimize the fuel
consumption and hence resulting reduction of carbon dioxide emission of public transportation.
Those public transports gain more and more importance in the United States of America,
Europe and Asia as well. In the next years, approximately the aerospace industry and
automotive industry will increase the demand of CFRP. (1) (2)

History

Carbon fiber have their beginning of history in the end of 19th century. In the Beginning
the fibers were used as filaments for electrical incandescent bulbs. The production of those
carbon fibers was protected by patents in 1878 through Swan und 1879/1892 through Edison.
The development of composites began in the year 1935 with the production of fiberglass, which
had non-satisfying mechanical properties. The further advancement arose a boric fiber, which
was thickly vacuum-metallized, an in addition, heat-proof carbon fiber. In 1966 was polyamide
initiated. In the 1950s the aerospace industry claimed a new material solid and light construction
at the same time. In order to cope with the development required by aerospace industry, an
example was taken of the nature, where many anisotropic structures are found. Caused by the
advanced research on anisotropic structures, a great aperture was made in 1955. The British
Royal Aircraft Establishment produced fibers, with directional crystal structures. (3) (4) (5)

The growing requirement especially in the latest years is shown in Figure 1. The
ordinate shows the demand of CFRP in tons per year. The demand for CFRP has almost doubled
over the last seven years.

http://dx.doi.org/10.17770/het2017.21.3581
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Figure 1 CFRP requirement (2)

Carbon Fiber Reinforced Plastic
CFRP is a combination of carbon fiber (short fiber, long fiber or continuous fiber) and
a matrix. The material of the Matrix is distinguished between duroplast, thermoplastics and
elastomer, that have different structures. (see Figure 2)
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>

structural model elastomer

Figure 2: Structural models (6)

Laminate layers are made of the carbon fiber and matrix. These laminate layers are
compressed together in unidirectional or multi-directional laminates (sheets) and hardened. For
parts with critical high stress locations there are laminates with thickness changes in the sheets,
in order to accomplish the high mechanical requirements but to save material and weight at the
same time. (3) (6)

The technical process of CFRP is not developed as good as it is in metal processing,
because there are a lot less experiences with it. Therefore, engineers are asked to develop ideas
to produce faster, more precisely and, above all, more material-saving parts made of CFRP.
Moreover, it is important to find an alternative for the high-power demand, that occurs due the
production of CFRP in order to establish new, more efficient production methods. One option
could be heat supply by microwave plasma. (7)

Production of CFRP
The anisotropic polyacrylonitrile fiber, following shortened PAN-fiber, is stabilized
through oxidation in a quasi-continuous, high power demanded process at a temperature of
200°C - 300°C in order to produce an infusible fiber. The stabilized PAN-fiber will be
carbonized at 1400°C afterwards. In this process, the fibers react to "molecular bands" that has
a graphite like structure. Finally, the fiber surface is treated and a preparation is applied to
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wound into a spool. The fibers have a diameter of 5 - 7 um. There are other fiber types that
differ in their modules.

For the matrix is a duroplast or thermoplastic used. Polypropylene is used for
thermoplastic CFRP. Duroplast matrices are epoxy or polyester resins. The Duroplast matrix-
materials are very good, because they adhere very well to the fibers.

The Fibers are embedded in the matrix so that a laminate single layer is formed. These
single layers are laid into unidirectional or multidirectional laminates. They are consolidated
under pressure and heat. The curing process takes place in autoclaves at 130°C - 180°C. The
pressure inside the autoclave is between 1bar to 10bar pressure.

CFRP has anisotropic behavior due the use of the fibers, which is utilized to produce a
fabric which is mechanically, in a definable direction, highly resistant against stress. This
characteristic leads to material savings but at the same time the required properties can be
adjusted. Anisotropy means that material is very strong in one direction. For CFRP, as an
example, it is the longitudinal direction of the PAN fibers. There are components in which the
anisotropic property is used to realize an even lighter construction. But if this property is not
desired, however, the sheets can be laid unidirectionally, so a quasi-isotropic laminate is
produced. (7) (8)

Production of CFRP Components

Components made of duroplast, preimpregnated CFRP are cured at a temperature of
180°C for several hours in an autoclave. These preimpregnated sheets are called prepregs. This
process is combined with a high-energy input, because some components, especially for the
aerospace industry, have great dimensions and therefore the whole space in the autoclave has
to be heated. (4)

In addition, there are thermoplastic pre-product sheets, that can be formed under heat
and pressure to produce components. Components produced of thermoplastic CFRP have a
lower resistance against high temperatures, in comparison to duroplast CFRP components, but
the forming need a lot less power. (7)

In contrast to the CFRP's with duroplast or thermoplastic matrices, there are also other
composites which can be processed differently and consist of other fibers. One example of this
is the production of carbon fibers from renewable raw materials, e.g. lignin or a reinforcement
of the polypropylene with hemp fibers. (9)

Development Trend

As a result of the increasing experience with CFRP, the pre-products and components
become more and more efficient. The increase in performance will be more and more precisely
adapted to the application area in the components and for example, components can be realized
with different thicknesses or various fiber orientations, depending on the highest stress
direction. Also, research is being carried out on the hybrid constructions in which CFRP and
titanium is mated not cutting. These improvements van be calculated very well by the finite
element method.

Automation in the area of CFRP is also significantly lower than in the metal sector. An
assembly line production, as it is found in the automotive industry, can't yet be realized in the
production of CFRP. However, if further steps are made in this area, the resource CFRP
becomes more and more profitable so that it can be used not only for high-performance
products, but in low cost segments as well.

Benefits and Drawbacks of CFRP

The main advantage of CFRP polymer is its outstanding strength to weight ratio in
comparison to other materials. The ultimate tensile strength of carbon fiber alone can be more
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than 4000 MPa, which is about five times the ultimate strength of stainless steel. CFRP is lighter
than aluminum, stronger than steel, and equipped with higher elasticity than titanium. (10)

Further advantages are the high rigidity and high elasticity combined with a low
corrosion tendency and resistance to alkali. Not only for its relative low weight are there many
applications of CFRP in aerospace industry, but also CFRP’s high resistance to strain and
abrasion is very useful for aircraft components, which are exposed to high stress during start,
flight and landing. Components made of carbon fiber have an exceptional durability under the
stress of constant use. (10)

Also, carbon fibers have low heat expansion ratio and high dimensional stability. CFRP
being exposed to high temperature sustains its excellent mechanical performances. Another
benefit is the high electric conductivity of CFRP and at the same time the excellent
electromagnetic shielding property. (10)

On the downside CFRP has a low resistance to plastic deformation and would break
when bending. This is because, the material shows a strong anisotropic behavior, meaning their
properties depend on their orientation. The carbon fiber can only reach its good properties,
when the load is applied in longitudinal direction along the orientation of the fiber in the matrix.
A transverse load applied at 90° to the fiber axis leads to rapid material failure. (10)

A big issue is also the fire behavior of CFRP. Research shows that the ash of the carbon
fiber reinforced composite released the fiber. Those released fibers, breathed in, are hazardous
to health and generate an impact comparable to asbestos. Normally carbon fibers cannot be
inhaled, but if, they reach temperatures of more than 650° Celsius, the fibers change and reach
a critical size that can penetrate deep into the lungs. (10) (11)

Another problem is that carbon fiber is extremely high in manufacturing cost, which
causes higher material cost for the composite. This is the main reason CFRP does not succeed
in the mass market, as it is simply too expensive. (10)

In the beginning of producing CFRP, operating costs were not critical design parameters
and neither were the environmental effects of production. So, that the energy demands of this
heat intensive process are enormous and also greenhouse gases such as carbon monoxide and
nitrogen oxide are released in the manufacturing process. Additionally, the waste produced by
CFRP is environmentally unfriendly, because it is difficult to recycle. Now, most of the waste
is burned or shredded into smaller parts. The polymer in the composite needs decades to fully
break down. (12)

Biocomposites — A biodegradable alternative composite to CFRP

Most of all composite including CFRP are difficult to recycle or to reuse, so that about
94% of composites end up in landfills. More than 30 million tons of plastic waste was produced
in the US alone in 2007. But CFRP is not only difficult to recycle, also most of its components
is based on crude oil. The raw material polyacrylonitrile for the carbon fiber as well as the
plastic for the matrix are based on this limited resource. Studies by the “World Wide Fund for
Nature” have shown, that humanity is currently consuming natural resources at a pace 20%
faster than Earth can produce them. Thus, there is a growing demand for biodegradable
composites. (13)

And biocomposites are intended to fill this gap. A biocomposite is a composite material
formed by a matrix and a reinforcement of natural fibers. Natural fibers are subdivided based
on their origins, coming from plants, animals or minerals. All plant fibers are composed of
cellulose while animal fiber consist of proteins e.g. hair, silk, and wool. For examples plant
fibers are produced from the leaves of date palm or sisal, the stem of flax, hemp or jute, bamboo
grass or the typical seed of cotton. These are only some examples of sources of natural fiber,
but the most used natural-organic fillers are wood flour and fibers. Wood flour can easily be
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obtained from sawmill wastes and it is usually sieved before using it. The matrix of
biocomposite are normally also made from petroleum-based polymer. (14)

Green composites

A composite made from only eco-sustainable material is called green composite. Green
composites have the synthetics matrix replaced with a biodegradable one. Those natural-
derived polymers are made from starch, gelatins, polyesters, lignin, lipids, natural rubber. One
example is a composite based on starch and bamboo fibers or another one based on soy proteins
in combination with pineapple and jute fibers. Those green composites do not achieve the same
properties as biocomposite, or even CFRP. Green composites are mainly produced by
American, German, Japanese, British and Italian firms (14) (15)

The structure of natural fibers

The main components of natural fibers are cellulose, lignin, pectin, and waxes. The
cellulose fibrils are aligned parallel along the length of the fiber, which provides maximum
flexural strength and tensile strengths. Lignin is the compound that gives rigidity to the plants.
At the moment, there has been no method established by which it is possible to isolate lignin in
its native state from the fiber, so that the fiber can only be produced naturally. Pectin give plants
flexibility and waxes ensure the cohesion of the fiber. The inner structure of the fiber, the
microfibrillar angle, cell dimensions, defects, and the chemical composition of fibers in the
matrix are the most important variables that determine the overall properties of them. For
example, more parallel to the fiber axis orientated microfibrils, lead to rigid, inflexible fibers,
but for high tensile strength. The reason for the reinforcing efficiency of natural fiber lays on
the nature of cellulose and its crystallinity. Generally, tensile strength and Young’s modulus of
fibers increases with increasing cellulose content and the microfibrillar angle determines the
stiffness of the fibers. (14)

Application of Biocomposites

Industrial applications of green composites are in general those applications which do
not require very high mechanical resistance but, instead, low purchasing and maintenance costs.
Some examples of applications are window frames, furniture, railroad sleepers, gardening
items, or shelves. Also, the automotive industry played an important role in the field of
biocomposites. Already in the late 1990s Mercedes-Benz was the first carmaker to use
reinforced polymers with jute fibers in their door panels. After this many other main carmakers
followed this example, and natural composites were also used for door panels, roof upholstery,
headrests, parcel shelves. The use of biocomposite improved the car companies image
regarding the environment, but also the weight, elastic modulus and costs helped to raise
awareness of this new material. (15)

Benefits and Drawbacks of Biocomposites

Research makes good progress in investigating the exploitation of natural fibers as load
bearing constituents in composite materials. The use of natural fibers in composites has
increased due to their relative cheapness in comparison with other fibers like carbon, their
ability to recycle and that they can compete well in terms of strength per weight of material.
Biocomposites have a low specific weight, which results in a high specific strength and
stiffness. They also present safer handling and working conditions compared to synthetic
reinforcements. The main benefit of natural fibers is their positive environmental impact.
Biocomposites, which raw material is available worldwide and based on a renewable resource,
are with production requiring little energy. In fact, they are carbon dioxide neutral which means
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they do not return excess carbon dioxide into the atmosphere when, composted or combusted.
Further, Biofibers possess high electrical resistance and thermal recycling is possible. (14)

On the other hand, the choice of matrix material is restricted, due to the processing
temperature of natural composites is limited to 200°C as green fibers undergo degradation at
higher temperatures. Another issue is the high moisture absorption of natural fibers leading to
swelling and presence of voids at the interface, which results in poor mechanical properties and
reduces dimensional stability of composites. Another restriction to the successful exploitation
of biofibers for durable composite application is low microbial resistance and susceptibility to
rotting. Now, the major disadvantage of natural fiber reinforced composites is, that the inherent
polar and hydrophilic nature of lignocellulosic fibers and the non-polar characteristics of most
thermoplastics results in compounding difficulties lead to irregular distribution of fibers within
the matrix which impairs the strength of the composite, so that most Biocomposites have a
tensile strength in-between 345 to 1035 MPa. So, when very high strength is needed, but the
environmental impact of the composite is also important, it is worth to have a closer look at
recycling of CFRP. (10) (13) (14)

Recycling

Components produced from CFRP have a lighter weight and thus save resources during
use. Nevertheless, the fuel economy for aircraft and vehicles are relatively low. Not to be
neglected is the very energy-intensive and cost-intensive production of CFRP. So what happens
with the complexly produced CFRP components after their use and the resulting production
waste like blends.

Every year, many tons of CFRP waste is generated in Europe, most of which is
incinerated, i.e. converted into thermal energy. Even if CFRP has very good thermal data during
combustion, it is not economically and ecologically recommended. Demand for CFRP is
increasing, but capacity is limited.

The CFRP material circuit must be closed. Thus, CFRP would have considerable
advantages in the carbon dioxide balance compared to other composites, would save waste,
relieve the environment and reduce costs, since reused or recycled CFRPs are significantly
cheaper. (7)

Types of waste

Three groups of waste can be distinguished. Fundamentally, a recovery of the carbon
fibers is possible and desirable. Further categories of the classification can be divided into
carbon fiber types and matrix types, such as the fiber arrangement.

1. Wastes arising during the manufacture of carbon fibers or semi-finished fiber
products: These are pure carbon fibers, which have not been impregnated with resin and are
easily recyclable. Other wastes are e.g. in weaving mills in the production of fiber semi-finished
products. The sewing causes edge residues and requires the separation of the polyester threads
from the carbon fibers. Through various steps, such as grinding, cutting and textile processes,
the fibers can be reprocessed into semi-finished products.

2. Production waste resulting from the processing of CFRP semi-finished products:
In the processing of semi-finished products, e.g. prepregs can contain up to 35% waste residues.
The dimensions of the remains depend on the component and range from a few centimeters to
half a meter. Partially, complete Prepreg rolls are disposed of after quality or product inspection.
The reason for this are fluctuations in the fiber volume, deviations from the matrix system as
well as weaving errors or overlaps. Wastes are also produced during further production
processes. The advantage of these materials is the possible re-use for other productions (for
certification reasons not in the aviation industry) or tools. Since the fibers have already been
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impregnated with a plastic matrix, recycling can only be done by particle recycling or a
separation of fiber and matrix, called pyrolysis.

3. Patterned or used parts without further use. The carbon fibers are embedded in
a cured matrix. In addition, these wastes are often contaminated with sealants, paint layers,
inserts or sandwich cores, which must be removed by methods such as magnetic separation of
metallic components. To make matters worse, recycling by pyrolysis is not easily possible.

Recycling of Group 2 and 3 is somewhat more difficult. It is possible by particle
recycling or pyrolysis, since the carbon fibers have to be separated from the composite matrix.
Furthermore, the problem on contamination should be given more attention. (16)

Waste problem
Some companies only produce very small amounts of CFRP waste and dispose of these
as commercial waste instead of collecting and recycling them. Therefore, Recycling has to be
generally more profitable, companies must benefit from the closed material cycle and promote
it. Laws should not only take account of components, but also, in particular, of production
waste. To act sustainable belongs to the quality standard as well.

Recycling types

Currently, methods of recycling are being researched and developed. The challenge is
to separate the carbon fibers in their entire length without damage to the composite matrix. It is
also desirable to retain the composite matrix. So far only approaches for the recycling and the
re-use of CFRP are available, since the products are only crushed and thus also the fibers. The
recycling thus results in relatively short fiber, which can be no longer processed into fiber mats
for high-quality CFRP components, but are suitable for numerous other applications, e.g.
reinforcing components in plastic parts, injection molding of lightweight components, interior
lining and vehicle electronics. If, for example, the short fibers obtained from recycling are used
for further components, where the fiber lengths are sufficient, the weight of the product and the
amount of waste will be reduced further. Moreover, recycled CFRP is significantly cheaper
than newly produced CFRP. (16)

Without separation of carbon fibers and matrix
The composite material is melted and formed into a new component. The problem is
that not all thermoplastics can be connected, the plastics are subject to wear and teer and thus
the quality decreases. (12)

Separation of carbon fibers and matrix
The matrix bursts off the fiber by a hammer blow, the fiber is shortened by this and can
be embedded in other plastics as reinforcement. The matrix is thermally processed and reused.
Thus, both substances can be reused. (12)

Thermal separation — pyrolysis
The thermal decomposition temperature of carbon fibers is 3600 ° C and is thus higher
than that of the matrix (max. 400 ° C.). If the composite is heated, the matrix decomposes and
the carbon fiber is retained. A disadvantage of this method is the enormous energy expenditure.
(16)

Conclusion
CFRP is definitely the composite of the future. However, as with all other resources
sustainable management is required. We must reuse, recycle or recycle products. A simple
disposal is neither ecologically and economically justifiable. The plants need to be more
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efficient and sustainable, for example through the use of residual heat and renewable energies.
Recycling methods must be further developed. Natural fibers are also conceivable in the future,
but research must continue in this area.

CFRP should be used deliberately for long-lasting, high-quality products and then
reused. It is quite useful to use CFRP in aircraft and vehicle construction as well as in many
other areas.

Recycled fibers should increasingly be used in areas of reinforcements or non-structural
components.
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Abstract: Nowadays the rapid aging of the population is the world's one of the actual problems. Many
governments are unable to meet the needs of seniors and thus isolating them from society. This problem is very
acute in Latvia also. Seniors are too few opportunities to participate in social life. Currently, Latvian seniors
are part of the population, which are excluded from the society after retiring. Summarizing positive experience
of the various countries, it can be adapted to the Latvian situation to help seniors feel better in society.
Nowadays, information technology is a good way for including seniors in social life.

Keywords: Information systems, mobile application, seniors

levads

Latvijas sabiedriba ir izveidojies stereotips, ka cilvéka socialas aktivitates periods
beidzas lidz ar aizieSanu pensija. Tad vin$ attalinas no dazadam sabiedriskajam aktivitateém,
pamazam atsves§inas no bijusajiem kolgégiem, arT bérniem un mazb&rniem ir sava dzive. Seniora
ikdienu sak apgriitinat arT dazadas veselibas problémas, kad pat no majam nav vel€Sanas iziet,
rodas griitibas kontaktéties. Tomér miisdienas senioriem paveras plasakas iesp€jas ieklauties
socialaja dzive, pat neizejot no majam — un tas ir modernas tehnologijas un internets, ko var
izmantot gan sazinai, gan ar1 praktiskam lietam, piemeram, iepirkties internetveikala, apmaksat
rékinus, skatities filmas, dazadus koncertus un pasakumu tieSraides. Neskatoties uz dazadam
griittbam seniori izmanto informaciju un komunikaciju tehnologijas to prieksrocibu dél. Tapat,
ka visiem, kas sak izmantot $is tehnologijas, galvena interese ir e-pasta izmantoS$ana, lai
uzturétu kontaktus ar gimeni un draugiem.

Materiali un metodes

P&tijuma mérkis ir izp&tit informacijas tehnologiju lomu un iesp&jas senioru socialaja
adaptacija.

Lai sasniegtu pétijuma meérki, vispirms tiks izzinata arzemju pieredze informacijas
tehnologiju izmanto$ana senioru ikdiena. Ka arT apkopoti statistiskie dati par interneta
izmanto$anu ikdiena pa vecuma grupam. Tiks pétits, kadas informaciju tehnologijas un
aplikacijas ir iesp€ja izmantot senioriem ikdiena.

Senioru aprupe izmantojamas informacijas sisteémas

Arzemju pieredze rada, ka internetam un tehnologijam senioru apriipé un socialaja
adaptacija ir nozimiga loma. Misdienu pasaulé informaciju tehnologijas palidz senioriem
dzivot labak, piem&ram:

1. Komunikacija un socializacija — ta, ka muasdienu pasaulé gimenes vairs nedzivo
fiziski tuvu viens pie otra rodas sazinas probléma ar gados vecakiem cilvékiem. Musdienu
tehnologijas tadas ka e-pasts, video zvans var palidzet nejusties vientuliem.

2. Informacijas un pakalpojumu pieejamiba — iepirkties un sanemt pakalpojumus
no majam ir lieliska iesp€ja cilvekiem, kam ir griitibas iziet no majam. Ja So iesp&ju izmantos
seniori, tad tai jabut pietiekami saprotamai prieks tiem, kas neuzauga kopa ar datortehniku.
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3. Muzizglitibas veicinaSana — zinaSanu attistiba datora lietoSana var palidzet
senioriem, kas grib dzivot aktivu dzivi. Visa jauna apgtisana palidz senioriem uzturét labas prata
sp&jas.

4. Attalinata apriipe un medicina — lielas raizes izraisa medicinas pakalpojumu
sadardzinasanas prieks cilveéces, kuras tendence ir novecosana. Pilnigi iesp€ams, ja dala
pakalpojumu biitu pieejami attalinati, tas var€tu samazinat izmaksas un radit jaunu attiecksmi
pret palidzeésanu sev un veseligu dzives veidu.

5. Atpaliekosa ekonomiska aktivitate un produktivitate — ekonomiskas bazas par
cilveku novecoSanos ir tapéc, ka pensionarus ir jauztur ekonomiski aktivajiem nodoklu
maksatajiem, kuru skaits samazinas. Viens no variantiem ir dot pensionariem iesp&ju palikt
ekonomiski aktiviem un iziet no pensijas vecuma noteiktajam robezam. Informaciju
tehnologijas paplaSina darba iespgjas, jo tagad gados vecaki cilvéki var stradat no majam.[1]

Vacija ar socialas apriupes dienestu seniori sazinas Skype, tas ir loti izplatits sazinas
veids. Ir arT specialas majaslapas, kuras piedava senioriem ikdienas vajadzibam nepiecieSamo
pasiitit interneta, un tad pirkums tiek piegadats majas, gan partiku, gan medikamentus tad&jadi
cilvéks sanem, neizejot no majas. Tehnologiju apmacibas senioriem piedava tautas augstskolas.
Ir speciali portali, kuri sniedz atbalstu senioriem interneta tehnologiju izmantoSana, pieméram,
http://www.senioren-online.info/. [2]
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Senioru tehnologiju ikdienu atvieglo ari dazadas interaktivas metodes, piem&ram,
starptautiskais projekts “Carer+” piedava izmantot interneta iesp&jas ari cilvékiem péc insulta,
vai jau tad, kad rokas tik labi neklausa. Izveidoti speciali plastmasas piekarini jeb tagi ar
dazadiem simboliem, kurus tuvinot datoram, automatiski atveras zinu vai video portals, e-pasts
vai kada cita senioram ikdiena nepiecieSama interneta vietne. Uz katra piekarina uzrakstits, kam
tas domats, bet, piemeéram, Francija Sos tagus veido ka sp€lu kartis, uz kuram izvietotas,
piemé&ram, arsta, mazb&rnu fotografijas utt. [3]

“TRANS eScouts - atbalsts e-pasniedzgjiem starp paaudzu dialoga veidosana” ir
ieprieks€ja veiksmiga projekta “e-Scouts” metodikas parnese ievieSanai Horvatija, Latvija un
Lietuva. Projekts ir dala no EK MuZizglitibas programmas. Projekta mérkis ir veicinat jaunieSu
un senioru socialo un digitalo ieklauSanos, kopibas sajiitu, paaudZu savstarpgjo dialogu un
sapratni. Projekta ietvaros izveidota macibu metodika - aplis, kura jaunie$i maca seniorus
izmantot informacijas tehnologijas, savukart seniori dalas ar jaunieSiem pieredze, ka risinat
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dazadas piecauguso dzives problémas, icklauties darba tirgii. Veidojas aplis, kura notiek
macisanas, pieredzes apmaina un valda aizrautiba.[4]

BeClose ir inovativs tehnologija, kas palidz senioriem, to gimenes locekliem un
aprupétajiem. [zmantojot bezvadu sensorus, kas novietoti pa visu maju, BeClose noveéro senioru
ikdienu. Apriipétajs var parbaudit, ka jutas seniors jebkura diennakts laika izmantojot privatu,
drosu interneta majas lapu. Ja rodas kada probléma aprupétajs tiek bridinats par telefonu, a-
pastu vai Tszinu. ST bezvadu sistéma ir viegli uzstadama vienkarsi pievienojiet to pie elektribas
un izvietojiet ar akumulatoru darbojoSos sensorus pa visu maju.

2.attéls BeClose iekarta

GradCare sistéma ir savienota ar jebkuru interneta pieslégumu un veic datu apmainu pa
visu maju ar sensoru palidzibu. Apriipétajs var ienakt GrandCare timekla vietng, lai nosititu
pazinojumu senioram, apskatitos vina aktivitates un informaciju par vina veselibas stavokli un
uzstaditu automatiskos apriipes iestatijumus. Apriipetajs var izvéleties sanemt zvanus, Iszinas
vai e-pastus, ja notiek kads gadijums (netiek lietotas zales, neparastas aktivitates, neparasta
laika atvértas durvis utml.) GrandCare sev1 ieklauj ar1 socializacijas, izklaides un komunikacijas
elementus. Gimene var sitit fotografijas, Tszinas, e-pastus, atgadinajumus, balss pastu, gimenes
video, miiziku un daudz ko citu tieSi GrandCare sistéma. Ka arT ir iesp&jams izveleties kopa ar
tuvo cilveku spélét spéles, klausities muziku, skatities zinas tiesi GrandCare sisteéma.

GreatCall kopa ar atras reagés$anas dienestu 5Star piedava bezvadu mobilo ierici PERS,
kas dod iesp€ju aizsargat sevi un savus tuvos cilvékus majas un arpus tas. Lietotajs var So mazo
iekartu, kas aprikota ar GPS piekabinat jebkur. Nospiezot pogu uz iekartas uzreiz tiek nosutits
signals specialistam, kas uzreiz sazinas ar gimeni un draugiem, izsauc arkartas palidzibas
dienestu un sniedz citu nepiecieSamo palidzibu.

Medikamentu sisttma TabSafe atgadina, sadala, bridina un publicé informaciju par
atbilstibu, inventarizaciju un citu medicinisko informaciju uz jebkuru iekartu, kurai ir pieslégts
internets. Saja iekarta var atrasties Iidz par 13 dazadiem medikamentiem viena kartridza. Iekarta
var izdot zales pa tabletei vai citai dozai. Mikroshéma, kas ievietota katra kartridza, lauj
farmaceitam ievadit informaciju par katru pacienu atseviSkaki (iekarta ir 4 kartridzi). TabSafe
Personal Health majas lapa ir ka datu baze par medikamentiem, kas tiek piegadati katram
iekartas lietotajam, katra kartridza stavokli uz doto bridi (kadas zales atrodas taja, zalu atlikums,
deriguma termins, lietoSanas termins), receptes informaciju un atbilstibu. [5]

Arzemju pieredze un pieméri rada, ka moderno tehnologiju apguvé senioriem loti palidz
jaunatne, brivpratigie, ka arT ir pat speciali interneta portali. Ir plasi izplatita senioru daliba
projektos, kas saistiti ar tehnologiju sniegto iesp&ju apguvi.
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Mobilas aplikacijas senioriem
Moderno tehnologiju izstradataji piedava visdazadakas aplikacijas senioriem, sakot ar
tadam, kas saistitas ar veselibu un Iidz pat izklaidei.
HeartWise Blood Pressure Tracker — kontrolé sirdsdarbibu un asinsspiedienu, to var
ieladét viedtalrunos un plansetes.
Pillooxie — atgadinatajs par medikamentu uzpemSanu. Var uzstadit dazadas
kombinacijas no dazadiem medikamentiem.

Detaila Schedule History

,tr 81
Metsoal - e

3.attéls Apliﬁcij as “Pillboxie” ekranuznémums

Eye Reader — aplikacija, kas palielina tekstu, un atvieglo lasiSanu.

Silver Surf — izgaismo noteiktas vietas uz telefona vai planSetes ekrana, kas noder
navigacijai uz svarigakajam aplikacijam vai kontaktiem.

Park’n’Forget- aktiviem senioriem, kas parvietojas ar auto. Lielas stavvietas palidz
noorientéties, kur ir novietots auto, atgadina, kad stavesanas laiks ir beidzies.

Lumosity — aplikacija, kas ir sp€les forma, lai tren&tu un uzlabotu atminu.

Flip Board - aplikacija, kas apvieno dazadas socialo tiklu vietnes, kalpo ka navigacija
pa socialajiem tikliem un kontiem tajos.[6]

Blood Pressure Monitor — loti noderiga vecaka gada gajuma cilvékiem, lai sekotu Iidzi
savam asinsspiedienam un svaram. ST aplikacija ir ka monitorings, kas saglaba datus un dod
statistisko parskatu par veselibas stavokli. Nav nepiecieSams versties pie arsta vai meklet savus
pierakstus, lai uzzinatu ka mainijies veselibas stavoklis un nepiecieSamibas gadijuma $os
pierakstus var uzradit arstam.

Voice Reading — ir aplikacija ne tikai senioriem. ST aplikacija lasa tekstu balsi no
interneta, e-pasta, Tszinas vai teksta faila.

Easy Facebook — ir speciala facebook aplikacija senioriem, kura ir vienkar$akas
funkcijas un nav visu to funkciju ko nelieto seniori.[7]

Senior Phone — aplikacija ir izveidota, lai standarta ekrana vieta biitu parocigaks
(paredzets Android). Pierasto mazo ikonu vietad biis lielas un pasas nepiecieSamakas. Poga
»zvanit”, ,rakstit”, ,,atraSanas vieta” un ,,SOS”. NospieZot pogu ,,SOS” uzreiz tiks nosiitita sms
noraditajam kontaktam ar tekstu ,,SOS”. [8]
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4.attéels Senior Phone aplikacijas ekranuznémums

Sie ir tikai pieméri, jo aplikaciju, ko var izmantot seniori, ir loti daudz, un tas var
izmantot dazadas dzives situacijas, gan izklaidei, gan ikdienas nepiecieSamibai.

Interneta izmantoSanas tendences
Dazadas valstis iedzivotajiem ir dazadi interneta lietoSanas paradumi. Darba autores
apkopoja informaciju par Vaciju un Lielbritaniju un salidzinaja to ar situaciju Latvija.
S.attela ir redzama informacija cik daudz cilvéku konkrétaja vecuma grupa lieto
internetu Vacija un Lielbritanija. Vairak neka divas treSdalas senioru lieto internetu sava
ikdiena. Lielbritanijas iedzivotaji vecuma 55 gadi un vairak ir aktivaki interneta lietotaji.

120%
loo% L 96% 94% 94% 919% 9% 90%
80% 77% 699 74%
60%
40%
20%
0%
16-24 gadu 25-34 gadu 35-44 gadu 45-54 gadu 55+ gadu
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M Vacija M Lielbritanija

S.attéls Interneta lietotaju sadalijums pa vecuma grupam Vacija un Lielbritanija
2016.gada [9,10]
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6.attéls Interneta lietotaju sadalijums pa vecuma grupam Latvija 2016.gada [11]

Latvijas iedzivotaji vecuma no 55- 64 gadi lieto internetu tikai par 9% mazak neka
Vacija. Toties seniori vecuma no 65 — 74 gadiem tikai 33% lieto internetu.

Secinajumi

P&c veikta petijuma darba autores izdara $adus secinajumus:

1. Senioru apripei dazadas valstis ir pieejams pietickami daudz informacijas
sisteému, kas palidz atkopties p&c slimibam, komunicét ar sabiedribu, sanemt apkopi maja utml.

2. Ikdienas atviegloSanai senioriem ir pieejams liels daudzums dazadu mobilos
aplikaciju anglu valoda.

3. Latvija iedzivotaji vecuma 55 gadi un vairak lieto internetu tikai nedaudz mazak
neka Vacija un Lielbritanija. Salidzinajuma ar Vaciju Latvija dzivojosie lieto internetu par 9%
mazak, bet salidzinajuma ar Lielbritaniju par 14% mazak.

Summary

Nowadays the rapid aging of the population is the world's one of the actual problems.
Many governments are unable to meet the needs of seniors and thus isolating them from society.
This problem is very acute in Latvia also. Seniors are too few opportunities to participate in
social life. Currently, Latvian seniors are part of the population, which are excluded from the
society after retiring. Summarizing positive experience of the various countries, it can be
adapted to the Latvian situation to help seniors feel better in society. Nowadays, information
technology is a good way for including seniors in social life.

Foreign experience shows that there are many information systems that help seniors to
be active. There are variety of information systems that give seniors opportunity to
communicate.

For example, "GrandCare" system allows a family member or caregiver to keep up with
seniors daily routine with the help of sensors placed around the house. This system also provides
socialization features that allow seniors to communicate with friends and family in different
ways. Get family video and photos, play games, listen to music and watch movies and shows.

There are many mobile applications that facilitate daily life for seniors. For example,
"HeartWise Blood Pressure Tracker" is the application which monitors heart beat and blood
pressure. There are also quite a lot of applications, which help seniors correctly pick up the
medication. One of such applications is "pillboxes". There is also application called "Senior
phone”, which helps adjust seniors mobile phone so that it is easier to use it. Icons of mobile
phone are bigger and there are only the most necessary buttons.
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Foreign experience shows that there are many information systems and applications that
could be adapted to the Latvian situation.

Gathering information about Internet usage habits of different age groups, Latvian
seniors use the internet slightly less than in Germany and the UK. This means that many
information systems and applications, that are used by the rest of the world, could be introduced
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Abstract. More and more often personal computers (PC) and their networks are integrated in the
automation systems. Usually a task of PC in the automation systems is to ensure automated control of processes,
their registration and visualization. Internationally such systems are called SCADA (Supervisory Control and
Data Acquisition). The most common principle of process tasks distribution among PLC and PC is as follows
— PLC controls and regulates the process, whereas PC registers and performs functions of extended process
operator panel. The paper deals with the research and analysis of the process visualization system SCADA and
its application in JSC Rézeknes siltumtikli to improve the performance quality.

Keywords: economic indicators cogeneration; statistics; visualization systems SCADA.

levads

Darba merkis — vizualizacijas informacijas sistéemu apskats un to darbibas
funkcionalitates analize un pielietosanas iespgjas.

Darba tika izpilditi sekojosi uzdevumi:

1. Izpetitas procesa vizualizacijas sist€émas ,,SCADA” iespgjas;

2. Analizéta ,,TAC Vista 57— programmatiiras izmantoSana AS “R&zeknes
Siltumtikli” darbibas kvalitates uzlabosana.

SCADA, ta ir tehnologiska procesu vizualizacijas sistéma. So programmu paketes
piedava gandriz visas izplatitakas PLC razotaju firmas (Siemens — WinCC, General Electric
Fanuc—Cimplicity, u.c.). Dazas firmas specializ€jas tikai SCADA programmas (pieméram,
Citect, Wonderware), bet jebkura SCADA sistéma gatava rast iesp&ju nodrosinat komunikaciju
ar dazada veida apmainas protokolu palidzibu. Galvenas SCADA funkcijas nodroSinat praktiski
gandriz visu firmu programmas: datu uzskaiti (SQL un citos formatos) un to eksportéSanu citam
uzpnémumu struktiiram. SCADA nodroS$ina nepartrauktu informacijas nolasiSanu no PLC un
citam iekartam, lai pastavetu iespgja veikt analizi saskana ar ieprogrammeétajam formulam un
logiskajam sakaribam, ka arT nodrosinat to uzskatama prezentacijas grafiska un tabulara forma.
Dati tiek uzkrati, t.i., arhiveti, ka rezultata procesa norisi var apskatit par jebkuru sist€mas
darbibas laika periodu. SCADA savac visu informaciju par procesu un nodrosina tas uzskatamu
vizualizaciju, lai operators varétu sekot lidzi procesa norisei [1]. Galvenais ir izstradat -
programmet procesa vizualizacijas shemu, kuras vizualais variants cilvéka apzina labi asociétos
ar realo procesu. Sai noliika ir iesp&ja veidot iekartu vizualos attélos, kur mainas iekartu krasas
vai citas pazimes atkariba no to stavokla (iekartas var bt ieslégtas, izslégtas, rokas rezima,
automatiskaja reZima, operacijas veikSanas gatavibas rezima, avarijas vai bridinajuma situacija,
u.c.). Procesa vizualizacijas shéma biezi ir svarigi redz&t gaidamo procesa virzibas cenu,
trauksmes un notikumu monitoringu. SCADA sist€émai konstate, att€lo un saglaba trauksmes
un citi svarigi procesu notikumus. Darba tika pétita AS ,,Rézeknes siltumtikli” vizualizacijas
sisttma SCADA, kas redzama 1. att&la.

http://dx.doi.org/10.17770/het2017.21.3575
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1.att. Vizualizacijas sistema SCADA

Darba objekts un ta analize
Darba tika pétita SCADA sisteéma un tas funkcionalais pielietojums AS ,,R&zeknes
siltumtikli” kogeneracijas datu uzskaité un analizé€. Darba tika raksturota un analizéta AS
»Re&zeknes siltumtikli” SCADA sistéma ,,TAC Vista 57, kas atrodas pilsétas ziemelu rajona. 2.
attela redzama pilsétas ziemelu rajona informacijas sist€émas shéma.

Katlu maja, Atbrivosanas aleja 155a
Monitoringa telpa, Rigas

ielal Automatizacijas skapis
Vadibas panelis
/0
Operators Automatiska kontrole
PC
TAC Vista 5 Vadibas elementi Devgji

2.att. Pilsétas ziemelu rajona IS shema

Pilsetas ziemelu rajona katlu maja atrodas automatizacijas skapis, kura izvietoti katlu
majas vadibas elementi. Automatizacijas skapi izvietotie elementi nodroSina katlu majas
darbibu. No vadibas elementiem (pieméram, siltummainu un deglu vadibas sisteémas), ka ar1 no
dazadiem dev€jiem (piemeram, temperatiiras, spiediena, fidens plismas) dati nonak uz ieejas
un izejas punktiem, kuri atrodas automatizacijas skapi. Tiek izmantoti pieci ieejas un izejas
punkti. No ieejas un izejas punktiem dati nonak uz automatiskas kontroles sistému, kura datus
apstrada realaja rezima. Datu apmaina starp automatiskas kontroles sistému un ieejas un izejas
punktiem notiek nepartraukti. Starp automatiskas kontrole sisttmu un vadibas paneli
nepartraukti tiek nodroSinata datu apmaina. Vadibas panelis pielietojams datu apskatiSanai reala
laika, ka arT automatizacijas vadiSanai.

Ja sist€ma darbojas normala darba rezima, nav konstatéti mehaniski bojajumi un visi IS
elementi darbojas korekti, tad razoSana un siltuma padeve tiek realizéta automatiska reZima,
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lidz ar ko nav nepiecieSama cilvéka iejaukSanas. Normala darba rezZima tehniskais personals
veic tikai kontroli:

v Katru stundu spiediena un temperattiras kontrole, atbilstosi argjas temperatiiras
grafikam;

v Reizi diena japarbauda tidens cietiba;

v Katru stundu vizuala kontrole mehanisko bojajumu noteiksanai.

Ja sistemai ir kadi trikumi, vai sistéma kadu iemeslu dé] nevar nodroSinat korektu
darbibu, vecakais masinists var parvest nepiecieSsamos elementus rokas rezima vadiba un uzdot
nepiecieSamos parametrus, vai tiesi konkrétu iekartu parvest nepiecieSamaja pozicija.

AS ,,Rézeknes siltumtikli” katlu majas automatizacijas sist€ma un tas atseviski elementi
izmanto elektribu datu parraidei un sistémas darbibai, 1idz ar ko visaugstako risku veido
elektroenergijas sprieguma kritums. Tas novérSanai visiem vadibas un datu apmainas
elementiem uzstaditas bez partraukuma baroSanas ierices (UPS). Gadijuma, ja dazi elementi
nedarbosies vai pazudis datu parraide, sisttma sakonfiguréta ta, lai atpazit to. Operators ir
informacijas sist€émas lietotajs ar atbilstoSu pieeju. Operators, kas atrodas monitoringa telpa
pieslédzies stacionaram datoram (PC), kura ir visa objekta vizualizacija un datu baze.

Rezultati un to izvertéjums

»TAC Vista 5” programmatiira nodroSina objekta vizualizaciju, ka arT atspogulo visus
datus. Katru dienu no rita ,,TAC Vista 5’ automatiski nolasa diennakts raditajus, kuri
nepiecieSami katlu majas darbibas uzskaitei un analizei. Automatiska raditaju nolasiSana katru
stundu lauj izsekot un novérst radusas problémas, ka ar1 veikt to detalizetu apskati. Darba tika
pétita un analizéta ,,TAC Vista 5” programmatiira, un tas pielietoSana AS , R&zeknes
siltumtikli” kogeneracijas datu uzskaite.

Kogeneracija - vienlaiciga elektroenergijas un siltumenergijas izstrade viena un taja
pasa tehnologiskaja iekarta un cikla, ka kurinamo izmantojot dabasgazi, cietos kurinamos,
Skidros kurinamos, biogazi un kurinamo koksni [2]. Kogeneracija veicina centraliz&tas
siltumapgades sisteémas attistibu, nodroSina elektribas razosanu elektrisko slodzu centros,
samazinot elektroparvades zudumus un investicijas parvades infrastruktiira, samazina ,,bazes”
elektrisko jaudu deficitu un palielina valsts iek§zeme razotas elektroenergijas Tpatsvaru, lauj
dazadot elektribas razoSanas avotus un dod iesp&ju izmantot viet€jos atjaunojamos
energoresursus, ka ar1 lauj uzlabot elektroapgades droSumu, palidzot nodroSinat elektroapgadi
avariju gadijumos [3].

Kogeneracijas prieksrocibas:

v Efektivaka kurinama energijas izmanto$ana;

v IzmeSu daudzuma samazinajums;

v Ievérojams energijas razoSanas izmaksu samazinajums, tadéjadi paaugstinot
ripniecisko un komercialo patérétaju konkurétspgju;

v Létakas energijas piedavajums patérétajiem, tai skaita iedzivotajiem;

v Elektroenergijas un siltumenergijas decentralizétas razoSanas iespgjas, tadgjadi

samazinot parvades zudumus magistralajos un parvades tiklos, ka ari paliclinot sist€émas
manevrgjamibu, kas it seviski izpauzas dabasgazes izmantoSanas gadijuma;

v Importéta kurinama daudzuma samazinaSanas kurinama efektivakas
izmanto$anas dgl [4].

Analizgjot kopgjo situaciju Valsti, tika konstatéts, ka 2015. gada kogeneracijas stacijas
sarazotas 3 526,8 gigavatstundas (GWh) elektroenergijas, kas ir par 17 % vairak neka 2014.
gada un kas veido 63 % no kopéja Latvija sarazota elektroenergijas daudzuma, liecina jaunakie
Centralas statistikas parvaldes (CSP) dati. Pérn kogeneracijas stacijas sarazotas 5 540,4 GWh
siltumenergijas — 72 % no kopgja sarazota siltumenergijas daudzuma.
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2015. gada Latvija darbojas 183 kogeneracijas stacijas — par 8 kogeneracijas stacijam
vairak neka 2014. gada. Kogeneracijas staciju kop&ja uzstadita elektriska jauda 2015. gada bija
1 275,1 megavati (MW), kas kops 2007. gada ir divkarSojusies un salidzinajuma ar 2014. gadu
ir pieaugusi par 9,8 MW. l.tabula redzami kogeneracijas darbibu raksturojusSie raditaji
2015.gada [5].

1.tabula
Kogeneracijas darbibu raksturojusie raditaji 2015.gada
Kogeneracijas . _ .. KOIBCJ_&_ Sarazota Sarazota
- s Kogeneracijas uzstadita .

staciju uzstadita - : . . _ | elektroenergija, | siltumenergija,

. staciju skaits | elektriska
elektriska jauda . GWh GWh

jauda, MW

PAVISAM 183 1275.1 3526.8 5540.4
1idz 0,2 MW 21 3.1 18.4 38.6
no 0,2 1idz 0,5 MW 37 14.2 81.4 134.7
no 0,5 lidz 1 MW 62 50.3 332.2 634.5
no 1 lidz 5 MW 56 130.0 800.1 1695.5
no 5 lidz 20 MW 3 27.7 105.6 186.1
virs 20 MW 4 1049.8 2189.1 2851.0

Latvija darbojas Cetras kogeneracijas stacijas ar uzstadito elektrisko jaudu lielaku par
20 MW, kas veido 82 % no kopgjas kogeneracijas staciju uzstaditas elektriskas jaudas. Tas
sarazoja 62 % no kop€ja kogeneracijas stacijas sarazota elektroenergijas daudzuma. Tris no tam
darbojas Riga, viena — Zemgales regiona.

Vislielaka uzstadita elektriska jauda 2015. gada bija kogeneracijas stacijam Riga — 1
060,0 MW jeb 83 % no kopgjas kogeneracijas staciju uzstaditas elektriskas jaudas. Otra lielaka
uzstadita jauda (60,6 MW) bija Zemgales regiona, kas ir par 2 % vairak neka 2014. gada.
Vismazaka uzstadita elektriska jauda (27,6 MW) 2015. gada bija Vidzemes regiona, kas
saltdzinajuma ar 2014. gadu samazinajusies par 3 %.

Vidzemes un Zemgales regiona ir vislielakais kogeneracijas staciju ipatsvars, kuras
izmanto atjaunojamos energoresursus (AER). Pieméram, 2015. gada Vidzemé AER
kogeneracijas staciju uzstadita elektriska jauda bija 23,2 MW jeb 79 % no kopgjas uzstaditas
elektriskas jaudas Saja regiona. 3. attéla redzama kogeneracijas staciju elektriska jauda un
kurinamais Latvijas regionos 2015. gada [6] [7].

Kodunerdoias stachy olektriskd jauda un patdodtals Kurindeals Latvias redionos 2015 gacd

P e

3.att. Kogeneracijas staciju elektriska jauda un kurinamais Latvijas regionos 2015. gada
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Razosana loti svarigi analizgt datus. Ar ,,TAC Vista 5” palidzibu datus var atspogulot
grafiski. Tas lauj noveérot tendences, analizét sistémas reakciju uz dazada veida avarijam.
Grafikus var apskatit pa stundam, dienam, ned€lam, méneSiem un gadiem. Temperatiiras,
spiediena un citi dati tiek atspoguloti atseviskos grafikos, kas savukart atvieglo operatoriem
darbu pétot un analiz€jot nepiecieSamos datus.

Katlu majas darbibas procesa vizualizacija notiek ar ,,TAC Vista 5” programmatiiras
palidzibu, kura tiek atspoguloti dazadi vadibas elementi. Akciju sabiedriba ,,R&zeknes
siltumtikli” ievieSot sava darba ,,TAC Vista 5” programmatiiru, uzlaboja funkcionalitati
kogeneracijas datu uzskaité un analizg. Kogeneracijas datu plismas nepartraukta uzskaite, ka
arl veérojamas izmainas tajas, lauj detalizétaks veikt analizi un pienemt vadibai pareizus
lémumus.

Rézeknes pilsétas ar siltumenergijas razoSanu un piegadi, apgadi ar tvaiku un karsto
tideni nodarbojas AS ,,Rézeknes siltumtikli”. No 2013. gada sabiedriba veic elektroenergijas
razoSanu kogeneracijas procesa. Akciju sabiedriba ,,Rézeknes siltumtikli” Rézeknes pilsétas
administrativaja teritorija veic siltumenergijas razo$anu, pamatojoties uz Latgales paSvaldibu
daudznozaru sabiedrisko pakalpojumu regulatora 2008. gada 12. decembra licenci Nr. S1011-
08 un elektroenergijas un siltumenergijas razoSanu kogeneracija, pamatojoties uz Sabiedrisko
pakalpojumu reguléSanas komisijas 2010. gada 30. oktobra licenci Nr. E12144.AS ,,Rézeknes
Siltumtikli” 2015. gada sarazoja 142 419 MWh siltumenergijas par kop&jo summu EUR 5 568
119 bez PVN, no kuriem 141 173 MWh pardoti SIA ,,Rézeknes energija” [8].

Sabiedriba 2015. gada sarazoja 41 424.457 MWh elektroenergijas. Obligata iepirkuma
ietvaros sabiedriba 2015. gada sarazoja un pardeva AS “Energijas publiskais tirgotajs”
elektroenergiju 40 325.248 MWh apméra par kop&jo summu EUR 4 464 060 bez PVN, turklat
parasta iepirkuma ietvaros sabiedriba sarazoja 760.3028 MWh par kop&jo summu EUR 26 914
bez PVN. Sabiedribas apgrozijums 2015. gada sastadija 10 059 093 EUR, no tiem apgrozijums
no siltumenergijas razoSanas sastada 5568119 EUR, savukart no elektroenergijas razoSanas — 4
490 974 EUR. Sabiedribas pelna sastadija 552 726 EUR. Pelna giita, veicot saimniecisko
darbibu. Izanaliz&jot uznémuma bilanci, var secinat, ka no kopgja apgrozijuma ienakumi no
siltuma piegades pieaug, no elektribas samazinas. 2. tabula redzams Neto apgrozijums % no
siltumenergijas un elektribas realizacijas.

2.tabula
Neto apgrozijums % no siltumenergijas un elektribas realizacijas

2012 2013 2014 | 2015 | 2016

% no siltumenergijas 100 79,48 63,16 | 55,35 | 60,46
% no elektribas 20,52 36,84 | 44,65 | 39,54

Uznémums izmanto divas kogeneracijas stacijas. Viena stacija atrodas Rigas ielal/ N.
Rancana iela 5, kura sastav no divam kogeneracijas iekartam ar kopgjo elektrisko jaudu 3,9
MW. ST kogeneracijas stacija nodota ekspluatacija 17.04.2013. Otra kogeneracijas stacija
atrodas Atbrivosanas aleja 155A. ST kogeneracijas stacija ietver vienu kogeneracijas iekartu ar
kopgjo elektrisko jaudu 1,672 MW, kas nodota ekspluatacija 16.09.2014. Pilsétas dienvidu
rajona nav uzstadita kogeneracijas stacija. Visa kogeneracijas stacijas sarazota elektroenergija
tiek pardota AS "Energijas publiskais tirgotajs", pamatojoties uz Ekonomikas ministrijas
29.10.2010. lémumu Nr.1-6.1-590."Par tiesibu pieskirSanu pardot kogeneracijas procesa
sarazoto elektroenergiju obligata iepirkuma ietvaros", piemérojot nosacijumus un cenu
atbilsto§1 MK 10.03.2009. noteikumiem Nr. 221. Ja salidzinat tarifus par siltumu ir vérojama
pozitiva tendence - iedzivotajiem-samazinats tarifs par siltumu taja rajona, kur ir uzstadita
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kogeneracijas stacija. 3. tabula redzams razoSanas tarifu sadalijums péc katlu majas

izvietoSanas.
3.tabula
RaZoSanas tarifu sadalijums péc katlu majas izvietoSanas
Speka
DG Ieprvielfééj ai Sp§k§ Ieprielfééjai egoéa?s Speka
tirdzn, | Tarifs gazei s razoSanas esofais s razoSanas | raz.tarifs esotais
N _ tarifs KM raz.tarifs tarifs KM katlu ...
r. cena no 20000 Iidz - - . raz.tarifs
N Rigas 1/ kog. Rigas | Atbr.al.155 maja .
p.k. lidz 100000, t.m3 Z N 9 kog.
_ N.Rancana 1/N. A un Meza Meza
EUR/ti (7.grupa) 5 EUR/ Ranca / I Atbr.al.155A
kst.im3 ' ancana s, | 12, V2, 1 EURMWh
MWh EUR/MWh | EUR/MWh | EUR/M |’
Wh
1 | 128,06 177,65 37,27 29,37 35,52 36,01 35,98
2 | 135,17 184,76 38,15 29,76 35,33 36,81 36,32
3 | 142,29 191,87 39,02 30,15 36,13 37,6 36,67
4 | 149,40 198,99 39,88 30,54 36,94 38,4 37,02
5 | 156,52 206,10 40,77 30,93 37,75 39,2 37,36
6 | 163,63 213,22 41,65 31,32 38,55 39,99 37,71
7 | 170,74 220,33 42,52 31,71 39,36 40,79 38,06
8 | 177,86 227,45 43,40 32,10 40,16 41,59 38,41
9 | 184,97 234,56 4427 32,50 40,96 42,39 38,76
10 | 192,09 241,67 45,15 32,90 41,78 43,18 39,11
vid.razoSanas tarifs 52,03 36,02 48,24 49,56 43,82
vid. razosanas tar.lfa o -30,77% +2,74% -9,16%
samazinajums /pieaugums %

Spéka esosais razoSanas tarifs Rigas 1/N. Rancana 5 ielas, péc kogeneracijas ievieSanas
samazinajas par 30.77 %, AtbrivoSanas aleja samazinajas par 9,16 %, savukart Meza iela, kur
nav kogeneracijas iekartas, tarifs palielinajas par 2,74 %.

Secinajumi

Uzstadot kogeneraciju ir vérojams ieguvums gan uznémumam, gan iedzivotajiem.
Kogeneracija lauj nozimigi ietaupit kurinamo, salidzinajuma ar dalitu siltuma un
elektroenergijas razosanu, kas savukart:

* samazina energijas izmaksas, cel nacionalas ekonomikas konkurétsp&ju un iedzivotaju
dzives limeni, mazina inflaciju;

* samazina siltuma un elektribas raZoSanas ietekmi uz vidi, salidzinajuma ar dalitu So
energijas veidu raZzoSanas procesu;

* samazina atkaribu no kurinama importa, salidzinajuma ar dalitu siltuma un
elektroenergijas razoSanas procesu.

Kogeneracijas cikla iegiito elektroenergiju iesp&jams izmantot:

* pasas kogeneracijas stacijas vajadzibam — tas razoSanas procesa nodro$inasanai;

* parpalikumu pardodot licencétam elektroenergijas parvades vai sadales uznémumam.
Veicot ,,TAC Vista 5” analizi, tika konstatéta programmatiiras nepilniba, kura apgriitina
operatora darbibu. Katlu majas shéma un kogeneracija tika izveidoti ka dazadi elementi izvélnu
josla, jo kogeneracija katlu majas darbiba tika ievesta velak, Iidz ar to, kopgja katlu majas shéma
netika ieviesta. Ja operators velgjas apskatit katlu majas kop€jo shemu, vinam bija jaizmanto
izv€lnes elements — shéma. IevieSot kogeneraciju katlu majas darbiba, ta tika atspogulota
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izv€lnes elementa - kogeneracija. Ja operators vélgjas apskatit katlu majas kogeneraciju, vinam
bija jaizmanto izvélnes elements — kogeneracija.

Apvienojot katlu maju un kogeneraciju viena kop&ja shéma, tiktu atvieglota operatora
darbiba. Operators varétu vienlaicigi redz&t katlu majas darbibu un kogeneraciju, tas savukart
sekmétu laicigu reagéSanu uz konstatétam problémam.

Pateiciba
Darba autori vélas izteikt pateicibu AS ,,Rézeknes siltumtikli” vadibai par atbalstu,
veltito laiku un sniegto informaciju.

Summary

The paper deals with the analysis of process visualization systems SCADA (Supervisory
Control And Data Acquisition), as more and more often personal computers (PC) are integrated
in automatization systems. SCADA is a technological process visualization system, collecting
all the information about a process and ensures its visualization, so that an operator to be able
to follow the procedure of the process, where it is important to see the expected path of the
process, alert and monitoring of events. SCADA systems allow to create a database (in SQL
and other formats) and to export it to other structures of companies.

The main goal of the paper—an account of the information visualization system SCADA
and analysis of its operational functionality, and application opportunities in JSC Ré&zeknes
siltumtikli. The said company generates and supplies heat as well as supplies inhabitants and
companies of Rezekne with steam and hot water. System SCADA controls pressure and
external temperature every hour, once a day it checks water hardness, every hour it performs
visual control to establish any mechanical damage. If the system operates in a normal mode,
there is no mechanical damage established and all the IS elements operate correctly, the
generation and heat supply is automatic, consequently, no human involvement is needed.
However, in case there is a problem, the system SCADA helps to identify the occurred problem
and react on time. One can follow the operation of cogeneration stations using SCADA system.
The company has two cogeneration stations and 1 boiler room. In 2015, the company generated
41, 424.457 MWh of electrical energy.

In Latvia, there were 183 cogeneration stations in 2015, which is per 8 cogeneration
stations more than in 2014. In 2015, the total electrical power of cogeneration stations was
1,275.1 megawatts (MW), which since 2007 has doubled and in comparison to 2014 has
increased per 9.8 MW.

Cogeneration is a technological process where simultaneously both the heat and
electrical energy is generated. Cogeneration facilitates the development of heat supply, ensures
electricity production in electric load centres, reducing the losses of electric power transmission
and investments in transmission infrastructure, reduces deficiency of “basic” electrical powers
and increases the proportion of the generated domestic electrical energy, allows differentiating
the electricity generation sources and provides an opportunity of using the local renewable
energy resources as well as allows improving power supply safety, helping to ensure power
supply in emergency cases.

The company has an opportunity to enlarge its business, as the electric energy obtained
in the cogeneration cycle may be used both for the needs of the station itself — in order to ensure
its production process, and to sell the excess to a licenced electric energy transmission or
distribution company.

Analysing the operation of JSC Rézeknes siltumtikli the author established that due to
the installed cogeneration equipment the heat rates have been reduced per 30.77 %.

Literatura
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LAZERABLACIJAS IZMANTOSANA VARA SLANA NONEMSANAI
PCB PLATEM
REMOVE THE COPPER LAYER OF PCB BOARDS BY USING LASER
ABLATION

Autors: Vitalijs Dunkins, e-pasts: dvitaly2@inbox.lv,+37126372733
Zinatniska darba vaditajs: Andris Martinovs, Dr.sc.ing. asoc. prof.,
Rézeknes Tehnologiju akadémija, AtbrivoSanas aleja 115, Rézekne

Abstract. The publication describes results of copper laser ablation which shows copper layer
dependence of a laser radiation, such as supply, pulse frequency and processing speed reacts.

Keywords: laser ablation, PCB, copper, color

levads

Ar katru gadu lazeru izmanto$ana palielinas. Tos licto metalapstradé, medicina, pat
izklaides nozaré lazerus izmanto, veidojot Sovus. P&tijumi veicina tehnologiju attistibu. Saja
raksta pétita probléma, kas saistita ar lazera stara izmantoSanu vara slana nonems$anai no
tekstolita.

Razojot PCB plates, javeido celini uz tekstolita plateém. PaSlaik raZoSana pamata tiek
izmantota vara kodinasana.

Pirmkart, tas ir sameéra ilgs process. Vienas plates izgatavoSanai, atkariba no plates
izméra, nepiecieSams no vienas lidz dazam stundam[1]. PCB plasu raZzoSanas procesu var
bitiski paatrinat, ja kodinaSanu aizstaj ar lazerablaciju.

Otrkart, kodinasana ir kaitiga apkartéjai videi. Kodinasana nav eckologiski tirs
tehnologisks panémiens, jo kimiju vajag vél utilizét p&c tas izmantosanas.

Treskart, ja nepiecieSams izgatavot tikai vienu plates prototipu, kodinasana nav
ekonomiski izdeviga.

Vara apsorbcijas koeficients pie 1azera stara vilna garuma ~600 nm un garakiem ir tikai
5-10%][2]. Lidz ar to, vara apstrade ar lazeriem ir problematiska.

Problémas, kas saistitas ar vara lazera apstradi, jau ir petijusi vairaki autori. D. Autrique,
Z. Chen, V. Alexiades, A. Bogaerts un B. Rethfeld izstradaja matematisku modeli vara
lazerablacijai nano sekunzu lazerim [3]. Citi autori pétija lazerablaciju varam, izmantojot
nanosekunzu lazeri[4]. Zurnala ,,JOURNAL OF APPLIED PHYSICS” publicéts raksts, kur
autori pétija lazerablacijas iedarbibu uz varu, izmantojot femtosekunzu lazeru[5]. Procesu, kura
laika tiek izurbti caurumi vara, aprakstija Chung-Wei Cheng un Jinn-Kuen Chen sava darba
[6]. Ka tiek izmantota lazerablacijas process PCB plaSu izgatavoSanai ir aprakstiti vairakos
rakstos [7,8,9].

S1 darba mérkis - izstradat metodi PCB plasu razo$anai, izmantojot lazerablaciju ar
diode-pumped fiber Yb lazeru, kura vilna garums 1064 nm.

Material and methods
Materials
P&tamais objekts ir stikla tekstolita plate ar vara slana parklajumu (PCB plate). Stikla
tekstolits tiek izgatavots no atseviskam planam stikla Skiedram (1.att.).

http://dx.doi.org/10.17770/het2017.21.3586
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L.attéls Stkla~.§l,(i7edras orientﬁcija [1]

Loti plans stikla Skiedras audums ir piesiicinats ar svekiem. Lai izveidotu plati, stikla
Skiedras audumus liek vienu uz otru, ka ar1 liek vara foliju. Tas tiek uzsilditas un presétas.
Sildisana nodroSina, ka sveki tiek uzsilditi, un tie kliist miksti. Sapresgjot audumus, mikstie
sveki aizpilda visus tukSumus un nodroS$ina visu slanu sacietéSanu viena kopigaja plate (2.att.).

[1]
2.attéls Stikla tekstolita plates Skérsgriezums [1]
Lazeris. Petijuma tiek izmantots Rofin PowerLine F20 Varia lazeris.
1.tabula
Lazersistema Rofin PowerLine F20 Varia, Tehniskie parametri
Simbols | Nosaukums Vértibu diapazons | Solis Mgervieniba
f Impulsu atkartosanas frekvence | 2 .. 1000 0.001 kHz
v Skenésanas atrums 1..20000 1 mm/s
T Impulsa ilgums 4,8, 14, 20, 30, 50, 100, 200 | ns
Af Fokusa nobide -10 .. 10 | 0.5 mm
Procesa parametri
Simbols | Nosaukums Vertibu diapazons | M&rvieniba
P Vidgja jauda 0..20 W
Ep Impulsa energija | 0..1 mJ
Pp Impulsa jauda 0..125 kW
Raksturojums:
Lazera tips — diode-pumped fiber Yb (optiska skiedra, kas legéta ar iterbiju), impulsu
reZims

Vilna garums — 1064 [nm]
Stara iedarbibas zonas diametrs — 30 [um]
Markesanas laukums — 120 [mm] x 120 [mm]
Lazera drosibas klase — 4
Dzeses sistéma — gaisdzese.
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3.attels SkaneSanas galvas funkcionalais princips [10]

Mikroskops kvalitates kontrolei
Mikroskopa modelis Nikon AZ100. Tehniskie dati ir att€loti 2.tabula.

2.tabula
Mikroskopa parametri
Palielinajums 5x Iidz 400x
Palielinajums ar koaksialo apgaismotaju | 6.25 lidz 500x
Transfokacijas diapazons 1x Iidz 8x
Okulara palielinajums 10x/22mm
Objektivu palielinajums AZ-PlanApo 0,5x, 1x, 4x;
AZ-PlanFluor 2x, 5x

Rezultati
Petijuma tika veikts eksperiments, kura laika tika mainiti $adi parametri: jaudas
intensitate (q), apstrades atrums (v), impulsu frekvence(f), l1azera stara solis (dx). Ka atseviskais
eksperiments tika mainits atkartoSanas reizes.
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4.attéls Eksperimenta rezultati

Jaudas intensitate tiek aprékinata, izmantojot formulu (1);
P
s @

kur:q — jaudas intensitate [W/cm?];

P —jauda [W];

S — lazera stara punkta laukums [cm?].

Pirmaja rinda tika mainita jaudas intensitate robezas no 0,57*108 W/cm? Iidz 2,85%10°
W/cm?. Bet nemainigie parametri ir: apstrades atrums — 100 mm/s, impulsu frekvence —

500kHz, lazera stara solis — 0.01mm.
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Otraja rinda tika mainita apstrades atrums no 100 mm/s Iidz 500 mm/s. Bet nemainigie
parametri ir: jaudas intensitate — 2,85*10° W/cm?, impulsu frekvence — 500kHz, lazera stara
solis — 0.01mm.

TreSaja rinda tika mainita impulsa frekvence no 100 kHz lidz 500 kHz. Bet nemainigie
parametri ir: jaudas intensitate — 2,85%10° W/cm?, apstrades atrums — 100 mm/s, lazera stara
solis — 0.01mm.

Ceturtaja rinda tika mainits lazera stara solis no 0.01 mm [idz 0.05mm. Bet nemainigie
parametri ir: jaudas intensitate — 2,85%10% W/cm?, apstrades atrums — 100 mm/s, impulsu
frekvence — 500kHz.

Piektaja rinda tika mainits atkartoSanas skaits no 3 Iidz 21. Nemainigi parametri ir:
jaudas intensitate — 2,85*10° W/cm?, impulsu frekvence — 125 kHz, apstrades atrums 100 mm/s,
lazera stara solis — 0.01mm.

Eksperiments paradija, ka pie daziem reZimiem vara slanis atslanojas, bet pie daziem —
vara slanis nomainija tika savu virsmas krasu.

Ka redzams 4.att. pirmaja rinda uz pirmajiem cCetriem kvadratiem nav nekadas
iedarbibas. Tikai piektaja vara slanis tiek atslanots. Otraja rinda pirmie divi kvadrati nomainija
savu krasu, bet pargjiem trim vara slanis tika atslanots. TreSaja rinda pirmie divi kvadrati
nomainija savu krasu uz tums$aku. TreSaja var novérot, ka izveidojas plaisa vara slani, bet
parejiem diviem kvadratiem vara slanis atslanojas. Ceturtaja rinda pirmais kvadrats nomainija
savu krasu uz zilu. Uz otra kvadrata ir redzama plaisa vara slani, bet pargjiem kvadratiem vara
slanis tika atslanots. Pédeja rinda ir redzams, ka pirmajos piecos kvadratos nav novérojamas
nekadas izmainas. Tikai krasas maina uz brtino krasu. P&dgjais kvadrats ir pardedzinats, un ir
sabojats tekstolits. Sestaja kvadrata ir redzams, ka tekstolits gandriz nav bojats, un vara slanis
tiek atslanots.

Veiktie eksperimenti rada, ka arT uz vara var iegut krasainu marke&sanu.

0=2,85*10° W/cm?, q=1,71*108 W/cm?, 0=2,85*10° W/cm?,

v=500 mm/s v=100 mm/s v=100 mm/s
=500 kHz, dx=0,01mm =500 kHz, dx=0,01mm =200 kHz, dx=0,01mm
6. attéls Pieméri, kur var§ nomainija savu krasu

0=2,85*10° W/cm?, q=2,85*10° W/cm?,
v=100 mm/s v=100 mm/s

=300 kHz, dx=0,01mm =500 kHz, dx=0,025mm
7. attéls Piemeri, kur vara slani ir novérojama plaisa
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0=2,85*10° W/cm?,

0=2,85*10° W/cm?,
v=100 mm/s v=100 mm/s v=167 mm/s
=500 kHz, dx=0,0125mm =400 kHz, dx=0,01 mm =500 kHz, dx=0,01 mm
8. attéls Piemeri, kur vara slanis sak atslanoties

- B v RE
0=2,85*10° W/cm?,

Analizgjot kvadratus, kuros vara slanis atslanojas, var noveérot, ka var§ atslanojas
nevienmerigi. Tas var bitiski ietekmé&t plasu razoSanu. Labaki rezultati tika sasniegti ar
sekojoSiem parametriem:

0=2,85*10° W/cm?, v=100 mm/s, =500 kHz, dx=0,01 mm (9.att.) (otra rinda piektais
kvadrats);

0=2,85*10° W/cm?, v=100 mm/s, f=500 kHz, dx=0,01 mm (9.att.) (tre$a rinda piektais
kvadrats);

0=2,85*10°W/cm?, v=100 mm/s, =500 kHz, dx=0,01 mm (9.att.) (ceturta rinda piektais
kvadrats).

.y
2

“..—":?."4 >

4=2,85%106 W/cm?, (=2,85%106 W/cm?, 0=2,85%106 W/cm?,
v=100 mm/s, v=100 mm/s, v=100 mm/s,
=500 kHz, dx=0,01 mm =500 kHz, dx=0,01 mm =500 kHz, dx=0,01 mm

9.attéls Eksperimentu salidzinajums

Eksperimenta laika tika mainits viens no Cetriem parametriem. Atsaucoties uz 9.att. ir
redzams, ka nav atskiribas, kas tiek mainits. Rezultati ar vienadiem parametriem ir vienadi. Tas
norada uz to, ka eksperimenta rezultati ir ticami.

Apskatot Sos kvadratus pie lielaka palielinajuma ir redzams, ka tekstolits ir arT laba
kvalitate.

Apskatot eksperimenta pedg€jo rindu, var noverot, ka, apstradajot vienu virsmu vairakas
reizes, var iegiit rezultatu, ka pakapeniski vara slanis tiek nonemts. Japiemekle tikai tik lielu
apstrades daudzumu, lai biitu kvalitativa apstrade. Ja apstrades skaits blis par mazu, netiks
nonemts nepiecieSamais vara slana biezums (10.att.), bet, ja apstrades skaits biis par lielu, tad
tekstolts tiks sabojats (12.att.).
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0=2,85*10° W/cm?, 22,85 10° WO,

=2 85*106 W/cm

v=100 mm/s v=100 mm/s v=100 mm/s
=125 kHz, dx=0.01 mm =125 kHz, dx=0.01 mm =125 kHz, dx=0.01 mm
R=9 R=18 R=21

10.attels Vara slanis 11.attels Vara slanis 12.attels Vara slanis un
nonemts ne lidz galam nonemts dalgji tekstolits pardedzinati
Conclusions

Tika piemekléti parametri, ar kuriem ir iespgjams nonemt vara slani PCB plasu
razo$anai, izmantojot lazerablaciju. Lietojot Rofin PowerLine F20 Varia lazeri, optimali ir $adi
parametri: jaudas intensitate q=2,85*10° W/cm? apstrades atrums 100 mm/s, impulsa
frekvence 500 kHz. Ta ka vara slanis tikai atslanojas nevis iztvaikojas, $aja virziena vél javeic
petijumi. Lidz ar to, nakamie petijumi vartu bt saistiti ar to, ka var v&l optimiz&t iegiitos
rezultatus.

Summary

The publication describes results of copper laser ablation which shows copper layer
dependence of a laser radiation, such as supply (q=0,57*10° W/cm?, + q=2,85*108 W/cm?,, step
0=0,57*10° W/cm?)), pulse frequency (100 kHz + 500 kHz, step 100 kHz) and processing speed
reacts. In experiment was carried out using a PowerLine F20 Varia (laser pulse wavelength:
1050-1075 nm; power: 20 W; laser pulse energy: ~0.95 mJ; repetition frequency: 2-1000 kHz;
laser pulse duration: 4-200 ns, selectable). The best result is received with supply g=2,85*10°
W/cm?, processing speed 100 mm/s, impulse frequency 500 kHz.
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ELEKTRONISKO MAKSAJUMU DROSIBAS
NODROSINASANAS IESPEJAS
ELECTRONIC PAYMENT SAFETY PROVIDE OPTIONS

Autore: Maija Elksne, e-pasts: maijaelksne@inbox.lv, 37125654765
Zinatniska darba vaditajs: Péteris Grabusts, Dr.sc.ing, e-pasts: Peteris.Grabusts@rta.lv
Rézeknes Tehnologiju akadémija, Atbrivosanas aleja 115, Rézekne, LV-4601

Abstract.The aim of the reports is to view and compare the electronic payment safety providers.
Report consist of three chapters. In the first chapter is witten general information of electronic payments safety.
In the second chapter is described security certificate provaider examples and in the third chapter is payment
system comparative analysis.

Keywords: Electronic payment safety, payment systems, SET, SSL.

levads
Ar katru gadu palielinas iedzivotaju skaits, kas iepérkas interneta veikalos. P&c
Centralas statistikas biroja datiem 2016. gada iedzivotaju skaits, kas iepirkas interneta veikalos,
palielinajas par 6 % salidzinot ar 2015.gadu. (/.attéls)
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1.attéls. Preéu vai pakalpojumu iegadasanas interneta (% no iedzivotaju kopskaita)[1]

2016.gada visvairak interneta veikalos iepirkas iedzivotaji no 25-34 gadiem, savukart
iedzivotaji no 55-74 gadiem iepirkas visretak, bet salidzinot ar 2015. gadu iedzivotaju skaits
Saja vecuma grupa ir palielingjies par 2%.

Tatad tendences rada, ka iepirkSanas interneta vidé klust ar vien popularaka. Viens no
svarigakajiem aspektiem iep€rkoties e-vide ir drosiba, tade] savu datu drosibai ir japievers liela
uzmaniba.

1. Elektronisko maksajumu drosiba

Lai nodro$inatu maksajumu drosibu var:

1. Sifrét pasiitamo informaciju;

2. Parbaudit tirgotaja autentiskumu, svarigi lai apmekléta interneta vietne ir drosa,
to var redzet ikviens sava parlikprogramma, majas lapas adreses sakuma. Ja saites sakuma ir
https:, tad majas lapa ir drosa;

3. Nodalit informaciju par pirkumu un maksasanas instrumentu — pirkuma datus
jazina tikai pircéjam un pardev€jam, savukart kartes datus tikai pirc€jam un bankai;

http://dx.doi.org/10.17770/het2017.21.3587
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4. Nedrikst nevienam sniegt informaciju par savas bankas kartes datiem: PIN kodu,
kartes numuru utt.
5. Stradajot ar datoru nesaglabat paroles un lietotajvardus. Péc darba beigam

parbaudit vai parlikprogramma nav saglabajusi lietotajvardu un paroli. Drosibas noliikos péc
darba notirit parlukprogrammas vesturi.

Lielakajos interneta veikalos ir iesp&jams ikvienam lietotajam izveidot savu profilu, kur
nepiecieSams izveidot lietotajvardu un paroli. Saja gadijuma ir svarigi izveidot drosu paroli.
Laba parole ir:

. Neviens to nezina;

. Unikala un neatkartojama;

. Tada, ko neaizmirsisi;

. Vismaz 8 zimes, kas satur gan burtus, gan ciparus;
. Atjaunota ik p&c tris me&nesiem,;

. Netiek lietota nekadas citas vietnes;

. Nav pierakstita ne blocina, ne telefona.[2]

2. DroSibas sertifikatu nodrosinasanas pieméri

SSL (TLS)-sertifikats kalpos ka garantija, ka nododamie dati tiks pasargati ar droSu
SifréSanas algoritmu un nebiis pieejami treSajam personam nesankcionétai apskatei.

Uznémuma majaslapa, kas aizsargata ar SSL sertifikatu, ievies klienta vairak ticibas un
uznémums izskatas daudz drosaks. Drosa majas lapa dot lielaku konkur&tsp&ju interneta vide.

SSL sertifikatus var iedalit vairakas grupas:

. Ar doména parbaudi (DV) — Sakuma Iimena SSL-sertifikati ar doména parbaudi
ir viens no atrak izdodamajiem sertifikatu tipiem, ta ka neprasa nekadus dokumentus. Parbaudes
process ir vairak ka vienkarss, viss, kas Jums nepiecieSams ir atbildét uz automatisko validacijas
vestuli no sertifikacijas centra. Der tikai mazam majaslapam.

. Ar uznémuma parbaudi (OV) — Biznesa klases SSL-sertifikatam nepiecieSams
apstiprinat doména piederiba, ka arT uzradit Jasu uznémuma dokumentus. IzdoSanas process
aiznem aptuveni 2-3 darba dienas. Sis sertifikats der korporativajam majaslapam.

= Ar paplasinatu parbaudi (EV) - SSL-sertifikati ar paplasinatu parbaudi ir pasi
prestizakie visu sertifikatu vida. Visiem apmekl€tajiem parlikprogrammas adreses josla
iezimésies zala krasa, nekavéjoties informéjot par augsto aizsardzibas limeni. Sie paplasinajumi
ir ideali bankam un interneta veikaliem.[3]

SET (Secure Electronic Transaction)

Ir relativi jauns starptautisks standarts droSiem maksajumu karsSu darjjumiem Interneta.
Tas ir protokols un datu formats, kas ar paplasinatas kriptografijas palidzibu garantg:

. ka darTjuma informacija parsutiSanas laika nevar tikt viltota;

. ka darfjuma un kartes informacija ir aizsargata pret nesankcionétu izmantoSanu;

= ka ar elektronisko sertifikatu palidzibu tiek parbaudits visu transakcija iesaistito
pusu autentiskums. [4]

. SET prieksrocibas, salidzinot ar citiem e-komercijas droSibas risindjumiem:

. SET tirgotajiem lauj izveidot pilniba automatiz€tu un droSu kreditkarSu
maksajumu pienemsanas sistému Interneta;

. VISA un MasterCard SET transakcijas Interneta ir pasludinajusas par

autoriz€tam gan no pirc€ja, gan ari no pardevéja puses. Lidzigi ka iznemot naudu bankomata
vai iepérkoties veikala, kur pircéjs darjjumu apstiprina ar PIN kodu vai personigo parakstu;[5]

Papildus droSibu rada ar1 jau popularu banku sistému izmantoSana vai citu popularu
maksasanas sistému izmantoSana.
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Péc majaslapas www.sixrevisions.com datiem, 2016.gada 5 no popularakajam
maksasanas sisttmam bija: Authorize.Net, PayPal, Amazon payments, Stripe.

Authorize.Net

Authorize.Net ir viens no popularakajiem maksajumu sniedz€jiem interneta, to izmanto
vairak neka 440 000 tirgotaju. Authorize.Net loti plasi izmanto e-komercijas vietnés. Plasi
izmantota platforma Magento izmanto maksaSanas sisttmu Authorize.Net, lai vieglak tiktu
izpilditi un apstiprinati maksajumi. [6]

Lai nodroSinatu augstu drosibu Authorized.net izmanto SSL sertifikatu un katru gaudu
uznémuma ieks€jo vidi parbauda peéc standarta: SSAE-16 — izmanto lai novertétu ieksgjo
kontroli organizacijas, kas piedava arpakalpojumus.[7]

Cenas: Authorize.Net uzstadisana ir 99$ - 20$ ménesi, transakcijas maksa 0,108$.

PayPal

PayPal ir pasaulé visplasak izmantotais maksajumu sniedzgjs, 2011. gada apstradati
vairak neka 4 milj. maksajumu. PayPal maksajumi tiek veikti izmantojot lietotaja esoSo kontu
vai kreditkarti. Naudu var nositit tieSi uz e-pasta adresi, tadéjadi mudinot e-pasta sanéméeju
pieregistrét jaunu PayPal kontu. Papildus maksajumu sanemsanai, PayPal nodro$ina ari tadu
iesp&ju ka, veikt maksajumus uzreiz caur citiem precu vai pakalpojumu tirgotajiem.

Ar PayPal var:

o Iepirkties neskaitamos interneta veikalos, kas sadarbojas ar PayPal, neizpauzot
savus finansialos datus.

o Ja kaut ko pardodat interneta (pieméram, eBay), samaksu par pardoto varat
sanemt caur PayPal kontu.

o Parskaitit naudu uz arzemeém.

) Ziedot naudu labdaribai.[8]

Drosiba. PayPal piedavatas opcijas sakrit ar tam, ko var veikt tapat, neizmantojot
nekadus drosibas pasakumus. Tomér PayPal galvena doma ir aizsargat lietotaju konta numurus
un paroles — veicot maksajumu. Maksdjuma sanéméjam nekad netiek izpausta nekada
informacija. Samazinas iesp&ja, ka kads var€tu pec darijuma pieklit lietotaja naudai bankas
konta. Turklat PayPal aizsarga savus klientus - ja pardevgjs ir bijis negodigs, var iesniegt
stidzibu un ir iesp&jams naudu atgit atpakal.[9]

Ta ka PayPal ir viena no pasaules popularakajam maksaSanas sistémam, ko izmanto
vairaki miljoni pasaules iedzivotaju (2.attéls), tad nepiecieSams 1pasSi nodrosinat maksajumu
drosibu.

2.attels. PayPal lietotaju skaits pec gadiem

PayPal lietotaju skaits kops 2010.gada 1idz 2016.gadam ir palielinajies par 113 milj.[10]
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Cenas: 2,9% + 0,30$ par transakciju, netiek prasita maksa par konta uzstadiSanu un
ménesa maksu.

Amazon Payments

Amazon Payment Jlauj tas lietotdjiem sanemt naudu izmantojot API
(lietojumprogrammas saskarne). Populara kopfinansgjuma vietne Kickstarter izmanto Amazon
Payments. [11]

Amazon Payments drosiba

. Izmanto SSL SifréSanas protokolu ar 128 bitu SifréSanu.

. Lietotaja konts tiek aizsargats ar unikalu paroli.

Cenas: komisijas maksas sakas no 2.9% + 0,30$ par transakcijam lielakam par 10$
(komisijas maksas procents ir mazaks, ja summa ir liclaka). Par transakcijam zem 108,
komisijas maksa ir 5.0% + 0,05$ par transakciju.

Stripe
Stripe nodrosina lielisku maksajumu risinajumu priek§ majaslapu izstradatajiem, kuri
véletos integrét So maksajumu sistému savos projektos. Izlaizot klasisko registracijas procesu,
Stripe darbojas ka tirgotaju konts saviem pakalpojumu sniedzg&jiem.

Stripe drosiba:

. Izmanto SSL SifréSanas protokolu

. Visu bankas karSu numuri tiek Sifréti pec visdrosaka standarta AES-256.
. AtsifréSanas atslégas tiek glabatas uz atseviskam iekartam.

Cenas: 2,9$ + 0,30$ par transakciju bez uzstadiSanas un ikménesa maksas.[12]

3. Maksasanas sistému salidzino§a analize

3.tabula
Vertesanas ballu skaidrojums
X Nav
5 Loti labi
4 Labi
3 | Pienemami
2 Slikti
1 | Loti slikti
4.tabula
MaksaSanas sistemu salidzinajuma tabula
Funkcijas PayPal Stripe Amazon Authorize
Payments Net
UzstadiSanas maksa X X X 49%
WooComn_lerce paplasinajuma X 79% X 79%
izmaksas
M¢énesa maksa X X X 25%
Transakcijas maksa 2.9% + 2.9% + 2.9%+
J 0,30 0,30 030y | 29%*0.308
Transakciju ménesa maksa
(pamatojoties uz 50 160$ 160$ 160% 160$
transakcijam, kur katra 100%)
Kopgjas ikménesa izmaksas 1603 1603 160% 185%
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Kopgjas gada izmaksas (Ieskaitot
uzstadiSanas maksu un
WooCommerce 1920% 1999% 1920% 2348%
paplasinajumu)
DroS$iba 5 5 5 5
Produkti un pakalpojumi 4 5 3 3
Cenas 5 5 5 3
LietoSanas ertums 5 4 4 4
Liguma darbibas laiks un
. .. .y X X X X
pirmstermina izbeigSana maksa
Reklama 5) 5) 4 5)
Klientu apkalpoSana un tehniskais 5 4 4 4
atbalsts
Negativas atsauksmes un siidzibas X X 1 1
Pozitivas atsaliksmes un 5 5 4 4
rekomendacijas:

No apskatitajam maksasanas sisttmam, visas sistémas ir drosas un ievero noteiktus
standartus, lai svariga informacija tiktu Sifréta un nebiitu pieejama treSajam personam.
Visdargaka sisteéma ir Athorize.net, bet [etakas PayPal un Amazon Payments.

Lai maksajumi tieSsaist€ buitu drosi ir jaskatas, lai vietne atbalstitu SSL sertifikatu, tas
biis pirmais garants, ka majas lapa ir drosa.

Summary

Number of users who use online stores, with every year increases. So it is important to
ensure the security of e-payments.

SSL (TLS) -sertificate is like a guarantee that the transferred user's data will be protected
with secure encryption algorithms and will not be available to third parties unauthorized
viewing. SET is a relatively new international standard for secure payment card transactions on
the Internet. SET is a protocol and data format that with extended cryptographic assistance
guarantees that the transaction information can not be a fake during transmission.

In 2016 five most popular payment systems were: Authorize.Net, PayPal, Amazon
Payments and Stripe. The most popular payment system is PayPal, in 2016 the number of users
reached 113 million. Authorize.Net, PayPal, Amazon Payments and Stripe uses SSL certificates
to encrypt data, and they are not accessible to third parties.

Secinajumi

1. SSL (TLS)-sertifikats ir ka garantija, ka lietotaja nododamie dati tiks pasargati
ar droSu SifréSanas algoritmu un nebiis pieejami treSajam personam nesankcioné&tai apskatei.

2. SET ir relativi jauns starptautisks standarts droSiem maksajumu karSu
darfjumiem Interneta.

3. SET ir protokols un datu formats, kas ar paplasinatas kriptografijas palidzibu
garant€ ka darjjuma informacija parsiitiSanas laika nevar tikt viltota

4. 2016.gada 5 no popularakajam maksasanas sisttmam bija: Authorize.Net,
PayPal, Amazon payments un Stripe.

5. Vispopularaka maksasanas sisttma ir PayPal, 2016.gada lietotaju skaits

sasniedza 113 milj.
6. Drosibas zina gan Authorize.Net, gan PayPal, Amazon payments un Stripe
izmanto SSL sertifikatus, lai $ifrétu datus un tie nebitu pieejami treSajam personam.
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SIMULACIJU IZVEIDE UNREAL ENGINE VIDE UN PIELIETOJUMS
IZGLITIBA
SIMULATION DEVELOPMENT ON UNREAL ENGINE AND THEIR
APPLICATIONS IN EDUCATION PROCESS
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Abstract. Due to the rapid development of technology in various fields of science, a new problem
related to excessive resource consumption arises, as most of the experiments and demonstrations require
a certain amount of materials and substances to be successfully performed. The aim of this work is to create
a realistic simulation using Unreal Engine 4 and give an insight into its practical applications in education
process. Authors have also gathered general information about simulation development and Unreal Engine
4 environment. As a result, a simulation showing friction of three different materials was created. It was
also concluded that such applications could replace ordinary experiments because of their simple
modifiability and minimal long-term resource consumption.

Keywords: education, friction, physics, simulation, Unreal Engine.

levads

Saistiba ar straujo tehnologiju attistibu miisdienas arvien straujak pieaug resursu
patérin$, kas ierobeZo vairaku praktisku eksperimentu veikSanu, 1pasi macibu nolukiem. Lai
risinatu So problému, ir pieejamas dazadas efektivas metodes, piem&ram, virtualas simulacijas,
kas sp€j nodrosinat realistisku eksperimenta vides att€lojumu, nepatergjot liekus materialus
lidzeklus.

Par simulaciju sauc eksperimentaliem mérkiem raditu realitates atdarinajumu, kas ir
realiz€ts ar noteiktu datorprogrammu palidzibu. To prieksrociba ir iesp€ja atri maintt vides
apstaklus un pielagot to katra eksperimenta vajadzibam. Paslaik $adas metodes tiek plasi
izmantotas militaraja joma, kosmonautika un atseviskas zinatnes nozarés [1].

Attistoties virtualajai realitatei, paveras jaunas iesp€jas realistisku simulaciju izstrade.
Tas lautu lietotajam kontrolét eksperimenta gaitu, kas Iidzinatos realu iekartu izmantoSanas
procesam. Sadu realizaciju var panakt vairakas programméSanas vides, kas ir paredzétas
datorspélu izstradei, pieméram, Unreal Engine un Unity [2].

S1 darba mérkis ir izp@tit simulaciju pielietojuma iesp&jas izglitibas procesa un izstradat
fizikas eksperimenta simulaciju datorprogrammas Unreal Engine 4 vid€, kas uzskatami parada
tris paraugu virsmas 1paSibas atkariba no to materiala.

Darba uzdevumi:

1) 1zpétit simulaciju nozimi un to pielietojumu izglitiba;
2) raksturot Unreal Engine 4 vidi un tas piedavatas simulaciju izstrades iespgjas;
3) izstradat fizikas eksperimenta simulaciju Unreal Engine 4 vide.

Materiali un metodes
Autoru motivacija $1 darba izstradei ir pievérst cilvéku uzmanibu jauno tehnologiju
izmantoSanas iesp&jam izglitibas procesa, uzsverot to prieksrocibas saistiba ar paplasinatajam
eksperimenta gaitas modifikacijas iesp&jam, ka ar1 resursu patérina samazinasanu.
Projekta ietvaros tika realizéta fizikas eksperimenta simulacija, kas ietver sevi tris
dazada veida materialus, kas viens no otra atSkiras ar to virsmas slidamibas parametru.
Simulacija satur vienu rampu un tris taisnstira paral€lskaldnus, kas ir izvietoti virs tas. Uzsakot

http://dx.doi.org/10.17770/het2017.21.3590
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eksperimentu, objekti uzsak kustibu pa rampu, kur arT izpauzas visu materialu virsmu saskares
pasibas, kas ietekmée to slidéSanas atrumu.

Simulaciju nozime un to pielietojums izglitiba
Paslaik jau ir pieejamas vairakas divdimensiju simulacijas, kas ir paredz€tas
izmantoS$anai macibu procesa. Parsvara tas vizuali att€lo kadu noteiktu fizikalu, kimisku vai
biologisku procesu, kur lietotajam ir dota iesp&ja ievadit sakuma parametrus. 1.attéla ir paradita
uz Java bazes realizéta speku un kustibas simulacija, kur priekSmeta atrums mainas atkariba no
pamatnes un pasSa objekta virsmas materiala, slipuma lenka, ka art pielikta speka. Tas lauj
skoléniem uzskatami demonstrét materialu virsmu berzes fizikalas Tpasibas [3].

I Free Body Diagram

Show & Hos

Friction
e (no Ilon

& Wood C—

Vectors

Force Veciors

Sum of Forces am
Walls

o Bk Bouncy

h=50m

More Controis

Otjed Position 37 maeters

RampAngle 300 cegress

fAsoe R =

1.attels. Speku un kustibas divdimensiju simulacija

Sadu divdimensiju simulaciju galvenas prieksrocibas ir to salidzinosi vienkar$aka
izveide, jo darbs neieklauj telpisku objektu modelus. Tadas lietotnes atbalsta lielaks skaits
sistému, jo to aparatiiras prasibas ir zemakas neka sarezgitam trisdimensiju simulacijam.

Neskatoties uz to, §STm programmam ir vairaki trikumi. Piemé&ram, to realizacija
divdimensiju vidé padara tas mazak uzskatdmas un nedod realu priekSstatu par tajas
notieko§ajiem procesiem, tapéc ir svarigi mekl&t jaunus tehnologiskus risinajumus, kas padaritu
Sos macibu lidzeklus realistiskakus un skoléniem saistoSakus.

Apgalvojumu par $adu metozu ievieSanu skolas argumenté 2010.gada Amerikas
Savienotajas Valstis veiktais pétijums, kas pierada, ka simulacijas piedava skoléniem giit
vertigu praktisku pieredzi virtuala videé ar mérki uzlabot prasmju pielietoSanu art realaja dzive.
Tas savukart biitiski paaugstinatu audzéknu motivaciju klases darbos un uzlabotu kopéjo
apmacibas procesa kvalitati [4].

Unreal Engine 4 vides raksturojums
Unreal Engine ir pilnvertigs lietojumprogrammu komplekts, kas paredzets apjomigu
grafisku lietotnu izstradei divdimensiju un trisdimensiju vidé. Ka piem&rus var mingt
datorspéles, 3D filmas, apmacibu simulacijas, ka art vizualizacijas. Projekta sakuma logs ar
vairaku objektu un materialu piemériem ir redzams 2.att€la, sniedzot visparigu priekSstatu par
iepriekSminéto programmnodroSinajumu.
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2.attéls. Unreal Engine 4 projekta logs ar objektu un materialu piemériem

So riku 1998. gada, izmantojot C++ programmésanas valodu, izstradaja kompanija Epic
Games, kas pirmo reizi to pielietoja spéles Unreal izveidei. Unreal Engine pamata funkcijas,
kas tika realizétas pirmaja paaudzg, balstas uz objektu sadursmju noteikSanu, renderéSanu un
maksligo intelektu. Otraja paaudze tika ieviestas tadas iesp&jas ka transportlidzeklu, ka ar1
dalinu kustibu un mijiedarbibas fizika. Attistoties tehnologijam, tre$a paaudze jau atbalsta
DirectX 9/10 lietojumprogrammu saskarni un darbojas uz vairakam platformam: PC, Xbox 360
un Playstation 3 [5]. Pasa jaunakaja lictotnes versija tika ieviesta grafiska skriptu sist€ma
Blueprint, kas dod iesp&ju bez koda palidzibas &rti veidot atsevisku projekta elementu struktiiru,
funkcijas un saskarni ar lietotdju, ka ari lauj atrak veikt programmas atklidosanu. Sis
tehnologijas piemérs ar savstarpgji savienotiem programmas funkcionalajiem blokiem ir
uzskatami paradits 3.attela.

3.attéls. Grafiskas skriptu sistemas Blueprint piemers
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Papildus ir iesp&jams izmantot ar1 C++ programmeéSanas valodas kodu, kas lauj tiesi
manipulét ar objektiem un to ipasibam. Turklat, Unreal Engine 4 starpprogrammatiiras
integracijas funkcija nodroSina tadu tehnologiju ka NVIDIA PhysX un Oculus VR integréSanu
projektos. Tas savukart padara realistiskakas objektu fiziskas 1paSibas un mijiedarbibu starp
tiem, ka arT sniedz iesp€ju realizét virtualas realitates programmas [6].

Rezultati un to izvértejums

Izstradataja simulacija autori piedava apskatit dazadu materialu virsmu berzes pasibas,
tiem mijiedarbojoties vienam ar otru un radot noteiktu pretestibu. Programma ir iespgja
izveleties vienu no trTs pieejamajiem eksperimentiem, kur katrs atSkiras ar rampas, pa kuru slid
objekti, materialu. Krasa attiecigi norada uz materiala slidamibas pakapi, kur zila - laba,
dzeltena — vidgja, sarkana — vaja slidamiba.

Lai materialiem pieskirtu vajadzigas ipasibas, Unreal Engine 4 tiek izveidota jauna
parametru datne. Eksperimentam nepiecieSamais lielums ir ,Friction” jeb berze, kuram
palielinoties objekts slid lénak. Lai noskaidrotu divu objektu savstarp€jo slidamibu, tiek
rékinata virsmas berzes parametru vidgja vertiba jeb ,,Average” [7].

Pirmais eksperiments ir vizuali paradits 4.attéla. Taja rampa ir veidota no materiala ar
zemu berzi, piem&ram, ledus. Rezultata visu slidoso objektu atrums ir salidzinosi liels.

4.attéels. Eksperiments Nr.1

Otrais eksperiments ir apskatams 5.attela, kur rampa ir veidota no materiala ar vidéju
slidamibas pakapi, pieméram, koka. Uz tas esoSo objektu atrums attiecigi samazinas berzes
ietekmé.

5.attéls. Eksperiments Nr.2
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TreSaja eksperimenta, kur$ ir apskatams 6.attéla, att€lota rampa ir veidota no zemas
slidamibas materiala, piem&ram, gumijas, ka rezultata slidoSo objektu atrums ir viszemakais.

[T —— -—-_"l

6.attels. Eksperiments Nr.3

Dota simulacija kalpo ka demonstracija tam, ko ir iesp&jams iegiit, izmantojot Unreal
Engine 4. Realizg&jot doto programmu ka realu Iidzekli macibu procesam, biitu vélams pievienot
datu registracijas iesp&ju, ar kuras palidzibu tiktu ierakstiti katra eksperimenta rezultati, t.i.,
objektu atrums, slidot pa rampu, laiks, kura objekts ir sasniedzis rampas beigas, ka ar1 berzes
speks. Lietotajam ir jabut iespgjai izvelties katra objekta materialu un mainit rampas
augstumu. Lai simulaciju padaritu interaktivu un skoléniem saistoSu, to var parveidot,
izmantojot Unreal Engine 4 virtualas realitates iesp&jas, kas lautu padarit macibu procesu,
pieméram, fizikas nodarbibas, vieglak uztveramu.

Secinajumi

1. Paslaik pieejamas simulaciju izstrades iesp&jas ir pietickosi plasas, lai veidotu
realistiskus, fizikas likumiem atbilstoSus, eksperimentu atdarinajumus.

2. Simulacijas jau tiek izmantotas dazadas nozargs, bet to pielietojums izglitiba ir
salidzino$i zems.

3. Tagad esoSas, izglitibas nolukiem izmantotas, simulacijas parsvara ir
divdimensiju, kas tas padara mazak realistiskas.

4. Datorprogramma Unreal Engine 4 ar grafisko skriptu sist€émas Blueprint

palidzibu nodroSina loti plaSas iesp€jas trisdimensiju simulaciju izstrade, ka ar1 dod iesp&ju
izveidot virtualas realitates telpu.

5. Ar izstradatas simulacijas palidzibu tika uzskatami paradita realistiska fizikas
eksperimenta gaita, uzsverot materialu virsmas slidamibas 1pasibas.

6. Realistiskas trisdimensiju simulacijas spetu paaugstinat skolénu interesi apgtt
eksakto zinatnu priekSmetus, ka arT dotu iesp€ju veikt eksperimentus ar paaugstinatu bistamibas
pakapi.

7. Simulaciju izmantoSana izglitibas procesa lauj samazinat resursu patérinu, jo
darbs nenotiek ar realiem materialiem un vielam.

Summary
Most scientific experiments and demonstrations require a large amount of resources,
which consumption is rapidly increasing along with the development of technology in various
fields of science. This leads to different kind of limitations in schools which are not funded well
enough to acquire necessary substances and equipment such as interactive boards and tablets in
order to make the whole learning process more appealing to students. To solve this problem,
virtual simulations could be used instead of a conduction of actual experiments. The main
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advantage of such applications would be their efficiency, simple modifiability and overall
safety.

The aim of this work is to highlight some of the main advantages of simulations and
their applications in education process in order to motivate educational institutions to integrate
such methods in their line of work. In order to prove the necessity of these interactive pieces of
software, authors of this research paper came up with an idea of creating a simulation consisting
of physics experiments which show friction of three different materials. This example could be
improved further and used as a study aid in physics lessons partially replacing theory books.

There are already several two-dimensional simulations available for educational
purposes resembling a large variety of physical, chemical and biological processes. The main
advantage is their low system requirements which makes them compatible even with older
devices. On the other hand, being two-dimensional, these applications are not realistic enough
to give students a thorough insight into the experiment process and the idea behind it. In order
to solve this problem, three-dimensional applications could be developed, as, according to
recent research, such interactive lessons would motivate students to perform better and be more
interested in the according subject.

To accomplish their goal and create a simulation, authors have used Unreal Engine 4,
as it is an open source tool suite which is available for free. The main reason for choosing this
exact development software was its large scale of features the most important of them being the
visual scripting system called Blueprint. It allows developers to use and connect various
functional blocks to give objects certain properties and define their interaction with one another
without directly editing the source code.

As a result, simulation showing three different material friction with one another was
created. Developed application consists of three levels, where each contains one ramp and three
blocks each of them being made out of a different physical material with a distinct surface
friction property. The material of the ramp itself is different in every experiment while blocks
keep the same physical properties throughout the whole simulation.

In the end, it was concluded that three-dimensional simulations would positively affect
the quality of education process and motivate students to acquire knowledge through interactive
and enjoyable means. These virtual experiments would also allow to perform highly dangerous
tasks that otherwise would be impossible to be reproduced in a classroom.
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Abstract: This article is about internet questionnaires, whose are used in sociological research works
for business and science. So companies that produce internet questionnaires, for different types of users. The
goal of this work is to explore production of the five popular developers of internet questionnaires, compare
them by seven chosen criterions.
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web-based experiments.

levads

Aptauja ir sakotn€jas informacijas ievakSanas metode, kas paredz uzdot petamajai kopai
mutiskus vai rakstiskus jautajumus, kuri satur petijjuma problému empiriska Iimeni, ka ari
iegiito atbilzu statistisko apstradi. Musdienas aptaujas metodes tiek pielietotas to jautajumu
izpéte, kur informacijas nesgjs ir cilveks [1].

Sobrid p&c interneta izveidosanas aptaujas tiek veiktas elektroniska forma. Tas atlauj
palielinat cilvéku skaitu, kas piedalas aptaujas, kas savukart palielina doto pétijumu precizitati
un atvieglo aptauju datu apstradi.

Interneta aptauju veidosanu Sodien piedava vairaki uznémumi. Dota darba mérkis ir
izpétit vispopularakos interneta aptauju izstradatajus, salidzinat tos péc uzdotam krit€rijam un
noteikt labako.

Materiali un metodes
Dota darba tiek izskatiti 5 uzn€mumi, kas nodarbojas ar interneta aptauju izveidoSanu:
o SurveyMonkey
Google Inc.
CreateSurvey
Survio
SoGoSurvey

o uznémumu produkcija tiks salidzinata péc 7 kriterijiem:
Cena
Jautajumu skaits anketa
Anketu skaits
Respondentu skaits
Interfeisa un anketu valodas
IzplatiSanas iesp€jas
Datu analizes iesp&jas

e 6 o o o o o

Interneta aptauju izstradataju apskats
SurveyMonkey ir ASV kompanija, kas nodarbojas ar interneta aptauju izstradi,
izmantojot makonu tehnologiju, kuru dibingja 1999. gada Rajans Finlijs. SurveyMonkey
piedava pielagojamas bezmaksas aptaujas, ka arT maksas programmatiiras paketes, kas piedava
datu analizi, eksemplara izvéli, parvirzes neitralizacijas un datu reprezentacijas instrumentus.
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Papildus bezmaksas un maksas pakalpojumu planiem individualiem lietotajiem SurveyMonkey
sniedz papildus pakalpojumu planus liela méroga uznémumiem, kas ir ieintereséti datu analizg,
zimolu vadiba un uz un patérétaju orientétas marketinga. Sim uznémumam ir biroji San Mateo,
Kalifornija, Portlenda, Oregona, Sietla, VaSingtona, Dublina, Irija, Otava, Ontario un
Luksemburga [2].

Google Inc. ir ASV akciju sabiedriba, kas izstradaja Google Formas. Ta ir Google Docs
ir bezmaksas interneta bazeta teksta procesora, izklajlapu un prezentaciju programmas dala, ko
izlaida 2006. gada. Google Formas ir makona pakalpojums, kas lauj vakt informaciju no
lietotajiem, izmantojot personaliz€tas aptaujas vai viktorinas. Google Formas pakalpojums var
tikt pielietots gan uz personala datora gan uz klépjdatoriem un citam mobilam iericém, kas
atlauj realizét videofailu un fotografiju ievadiSanu, tas atlauj realiz€t att€lot jautdjumus
respondentiem atkariba no to ieprieksgjiem atbildém [3].

CreateSurvey ir privats Krievijas uznémums, kas nodroSina lietotajus ar tieSsaistes
aptauju vadibas sistému, lai izveidotu savu interneta aptauju. CreateSurvey piedava bezmaksas
tieSsaistes un bezsaistes aptauju vadiSanas produktus un pakalpojumus. Uznémuma birojs
atrodas Maskava. Uzne€mumis tika dibinats 1999. gada. CreateSurvey ir riks, kas lauj lietotajiem,
izveidot tieSsaistes aptaujas, apkopot un dalities ar atsauksmém.[4].

Survio ir musdieniga tieSsaistes aptauju veidoSanas sistéma. Ta tika izveidota 2012.
gada Cehija. Survio centralais birojs atrodas Bruno, Cehija. Aptaujas var novietot sava
majaslapa vai izplatit caur socialajiem tikliem vai e-pastu. Ar rezultatiem ir iesp&jams dalities
ar citiem lietotajiem [5].

SoGoSurvey ir uz makonu tehnologijas "SaaS" balstita lictotne, kas paredzéta
daudzvalodu apsekojumu, veidlapu, aptauju, viktorinu un novertejumu radiSanai, izplatiSanai
un analizei. To izstradaja uznémums SoGoSurvey 2013. gada, kura centralais birojs atrodas
Herndona, ASV.. Sobrid SoGoSurvey nodroSina analitiku, datu apstradi, un paterétaju
marketinga un atgriezeniskas saites sistému zimoliem eBay, Citibank, UNICEF un Marriott [6].

Rezultati un to izvertéjums
Cena

SurveyMonkey piedava bezmaksas versiju ar pamata funkcijam, un piedava maksas
versijas ar paplasinato funkcionalitati: Tarifu plana SELECT maksa 35 € ménesi (420 € gada),
tarifu plana GOLD maksa 400 € gada vienam lietotajam un tarifu plana PLATINUM maksa
900 € gada vienam lietotajam [2].

Google Formas ir bezmaksas serviss, kas ir pieejams visiem Google Docs
lietotajiem|[3].

CreateSurvey nodroSina bezmaksas versiju ar ierobezoto funkcionalitati (tarifu plans
Sakotngjais) un maksas versijas ar neierobezoto funkcionalitati. Tarifu plana Personalais maksa
199 § gada (189,29 € gada), tarifu plana Profesionalais maksa 759 § gada (721,96 € gada) un
tarifu plana Korporativais maksa 4500 $ gada (4280,41 € gada) [4].

Survio piedava bezmaksas versiju ar pamata funkcijam, un piedava maksas versijas ar
uzlaboto funkcionalitati. Tarifu plana Elite maksa ir 59 $ ménesi (673,45 € gada), tarifu plana
Business maksa ir 25 $ ménesT (285,36 € gada) un plana Personal maksa ir 14 $ ménest (159,80
€ gada) [5].

SoGoSurvey nodrosSina bezmaksas versiju (tarifu plans Basic) ar ierobezoto
funkcionalitati un maksas versijas ar paplasinatam iesp&jam. Tarifu plans Plus tiek piedavats
par cenu 19 $ ménest (216,87 € gada), tarifu plans Pro tiek piedavats par cenu 59 $ ménesi
(673,45 € gada) un tarifu plans Enterprise tiek piedavats par cenu 169 $ ménesi (1929,04 €
gada) [6].
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Jautajumu skaits anketa

SurveyMonkey atlauj bezmaksas lietotajiem izveidot anketu, kura sastav no 10
jautajumiem, tacu maksas lietotajiem jautajumu skaits ir neierobezots [2].

Google Formas serviss atlauj lietotajiem izstradat anketu, kas sastav no neierobezota
jautajumu skaita [3].

CreateSurvey nodro$ina iesp&ju bezmaksas lietotdjiem izveidot anketu ar ierobezoto
jautajumu skaitu (10 jautajumi), bet maksas lietotajiem jautajumu skaits ir neierobezots [4].

Survio piedava saviem lietotajiem iesp&ju izstradat anketu, kas sastav no neierobezota
jautajumu skaita, neatkarigi no izmantota tarifu plana [5].

SoGoSurvey iedod iesp&ju saviem tarifu plana Basic lietotajiem izveidot anketu, kas
sastav no 30 jautajumiem, tarifu planu Plus, Pro, un Enterprise lietotajiem jautajumu skaits ir
neierobezots [6].

Anketu skaits

SurveyMonkey atlauj lietotajiem izveidot neierobezoto anketu skaitu, neatkarigi no
izmantota tarifu plana [2].

Google Formas serviss nodroSina iesp&ju Google Docs lietotajiem izveidot
neierobezoto anketu skaitu [3].

CreateSurvey piedava saviem tarifu plana Sakotngjais lietotajiem iesp&ju izveidot 5
anketas, tarifu plana Personalais lietotajiem iesp&ju izveidot 10 anketas, tacu lietotajiem ir
iesp&ja izdzest liekas anketas, tarifu planu Profesionalais un Korporativais lietotajiem iesp&ju
izveidot neierobezoto anketu skaitu [4].

Survio iedod iesp&ju saviem bezmaksas lietotajiem iesp&ju izveidot 5 anketas, tarifu
plana Personal lietotajiem iesp€ju izveidot 100 anketas, lietotajiem, kas pielieto tarifu planus
Business un Elite, anketu skaits nav ierobezots [5].

SoGoSurvey atlauj saviem tarifu plana Basic lietotajiem izveidot 15 anketas, tarifu planu
Plus, Pro, un Enterprise lietotajiem anketu skaits nav ierobezots [6].

Respondentu skaits

SurveyMonkey tarifu plana BASIC lietotajiem respondentu skaits ir ierobezots 100
respondenti uz vienu anketu. Tarifu plana SELECT lietotajiem respondentu skaits ir ierobezots
1000 respondenti uz vienu anketu, un 010 € par vienu papildus respondentu. Tarifu planiem
GOLD un PLATINUM respondentu skaits nav ierobezots [2].

Google Formas servisa lietotajiem respondentu skaits nav ierobezots [3].

CreateSurvey nodroSina saviem tarifu plana Sakotngjais lietotajiem iesp&ju apstradat
100 respondentu atbildes uz vienu anketu. Tarifu plana Personalais respondentu skaits ir
ierobezots, 1000 uz vienu anketu. Tarifu plans Profesionalais nodroSina 20000 respondentu
uzturéSanu meénesi vienam lietotajam. Tarifu plans Korporativais nodroSina 100000
respondentu uzturéSanu ménesi vienam lietotajam [4].

Survio bezmaksas lietotajiem respondentu skaits ir ierobezots 1idz 100 respondentiem
meénest, tarifu plana Personal lietotajiem respondentu skaits ir ierobezots Iidz 1000
respondentiem meénest, tarifu plana Business lietotajiem respondentu skaits ir ierobezots lidz
10000 respondentiem ménesT un tarifu plana Elite lietotajiem respondentu skaits nav ierobeZots
[5].

SoGoSurvey nodrosina saviem tarifu plana Basic lietotdjiem iesp€ju apstradat 125
respondentu atbildes uz vienu anketu. Tarifu planu Plus, Pro, un Enterprise lietotajiem
respondentu skaits nav ierobezots [6].

Interfeisa un anketu valodas
SurveyMonkey piedava lietotajiem iesp&ju stradat 17 valodas: Anglu (ASV), Anglu
(Lielbritanijas), Spanu, Portugalu, Vacu, Niderlandiesu, Francu, Krievu, Italu, Danu, Zviedru,
Japanu, KorejieSu, KinieSu (tradicionala), Turku, Norvégu, Somu [2].
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Google Formas lietotne ir pieejama 83 valodas: Anglu (ASV), Anglu (Lielbritanijas),
Cehu, Spanu, Portugalu, Vacu, Niderlandie$u, Frandu, Ungaru, Krievu, Slovaku, Italu, Danu,
Zviedru, Japanu, KorejieSu, KinieSu (tradicionala), Turku, Norvégu, Polu, Somu, Latviesu,
Igaunu, Bulgaru, Serbu, LietuvieSu, PersieSu, SingalieSu, GalisieSu, Afrikandu, Ambharu,
Basku, IslandieSu, Khmeru, Laosas, Malaizijas, NepalieSu, Svahili, Urdu, Zulu u. c. [3].

CreateSurvey nodro$ina lietotajiem interfeisu anglu un Krievu valodas, tacu pasas
anket€s var tikt izstradatas arT citas valodas (atkariba no kodesanas) [4].

Survio piedava lietotdjiem iesp&ju stradat 15 valodas: Cehu, Vacu, Anglu, Spanu,
Fran¢u, Ungaru, Italu, Niderlandiesu, Norvégu, Polu, Portugalu, Brazilijas portugalu, Krievu,
Slovaku un Zviedru [5].

SoGoSurvey nodroSina lietotajiem interfeisu anglu valoda, tacu pasas anket€s var tikt
izstradatas arT citas valodas [6].

IzplatiSanas iesp€jas

SurveyMonkey piedava lietotajiem iespéjas izplatit aptaujas izmantojot socialus tiklus,
e-pastu un ttmekla vietnes, ka arT piedava e-pastu atbilzu izsekosanu. Pastav iespgja iebiivet
aptauju vietng, ka izpildosais logs [2].

Google Formas serviss atlauj atsttit gatavu formu pa e-pastu, vai socialiem tikliem, ka
ar1 to var iebiivét timekla vietn€ (nav automatiz€tas izsttiSanas) [3].

CreateSurvey izveido katrai anketai unikalo adresi, kur§ var tikt izvietots timekla vietné
vali atsttits respondentiem caur e-pastu, pastav iesp&ja publicét anketgs socialos tiklos Facebook
un Twitter. Maksas tarifu planu lietotajiem tiek piedavatas papildus izplatiSanas iespgjas:
iesp&ja ievietot anketu lietotaja timekla vietné (bezmaksas klienti var ievietot tikai saiti uz to),
iesp&ja atsiitit ieligumus pa e-pastu uz anketéSanu un atgadindajumu sitiSanas iesp&ja (ja
ielugumus tika ignoréts) [4].

Survio piedava lietotajiem iesp&ju nosiitit ligumus par anketas izpildiSanu pa e-pastu
respondentiem (logotipa ievietoSana ir pieejama tikai Business un Elite tarifu planu lietotajiem),
izveidot saiti uz anketas izpildiSanu, ko var iebuivét timekla vietng, pastav arT iesp&ja iebiivet
anketu paSa vietné (iframe) vai iebiivét vietne, ka izpildoSais logs, pastav ari iesp€ja padalities
ar anketu caur socialiem tikliem Facebook, Twitter, Google+, LinkedIn un VK. Maksas tarifu
planiem Business un Elite ir iesp€ja izveidot anketas ar respondentu atpaziSanas iesp&ju [5].

SoGoSurvey atlauj lietotajiem nositit saiti uz pétijuma URL, nositit e-pasta ieligumus,
atgadinajumus un pateicibas zinojumus HTML formata; publicét pétijjumus socialajos tiklos
Facebook, Google+, LinkedIn un Twitter. Maksas planu Plus, Pro, un Enterprise lietotajiem ir
iespgja izveidot personalizétus ieligumus dazadiem lietotajiem. Maksas planu Pro, un
Enterprise lietotajiem ir iesp&a nositit automatiskus atgadinajumus respondentiem, kas
ignorgja ieligumus. Maksas plana Enterprise lietotajiem ir iesp€ja mainit petijumu struktiiru
péc tas uzsakSanas [6].

Datu analizes iespéjas

SurveyMonkey piedava sanemt atbildes, datu analizei un secinagjumu noteiksanai, un
veikt rezultatu izplatiSanu reala laika. SurveyMonkey uztur automatisku atbilZzu teksta analizi,
kas atvieglo lielu datu apjomu apstradi. Teksta analize ir ieklauta, sakot no tarifu plana GOLD,
un nav izmantojams Japanu un Kinas valodas. Datus var parveidot nestandarta diagrammas un
atskaites rezultatu demonstracijai. Tarifu plans SELECT atlauj eksportét rezultatus formatos
XLS (Microsoft Excel), PDF, SPSS («Statistical Package for the Social Sciences» statiska
pakete socialam zinatné€m) vai gatavos prezentacijai PPT (Microsoft PowerPoint) failos. Tarifu
plana izmainas atlauj salidzinat aptauju rezultatus ar citiem [idzigam organizacijam, lai noteikto
lietotaja (liela méroga uznémuma, vai korporacijas) realo stavokli tirgii [2].
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Google Formas atlauj attélot aptauju datus ka parastas histogrammas, rinka diagrammas
un teksta tabulas. Lietotaji nevar filtrét rezultatus, bet dati automatiski eksport€jas elektroniska
tabula Google. Google tabulas ir tiessaistes lietotne, ar kura palidzibas lietotaji var izveidot
elektroniskas tabulas un diagrammas, $1 lietotne atlauj vairakiem lietotajiem apstradat tabulas
un diagrammas kopa (iesp&jams datu eksports) [3].

CreateSurvey piedava lietotajiem tieSsaistes grafisko atskaiSu izveidoSanu. Ir iespgja
izveidot detalizetas atskaites par katru respondentu. Atbildes tiek apstradatas reala laika rezZima,
un satur visas respondentu atbildes. Pastav iespgja lejupladet atskaites nesaistes darbam,
atskaites var atvert ar lietotném Excel (XLS), SPSS un CSV. Pastav iespéja filtrét atskaites péc
datuma [4].

Survio veic rezultatu apstradi realaja laika. Rezultati tick apkopti tabulas un grafikos
(rinka diagramma, histogramma, histogramma ar izdaliSanu), diagrammas var izdrukat.
Lietotne atlauj izskatit atseviskas atbildes. Iesp&jama filtracija un segmentacija péc atbildes,
respondenta datuma, bezmaksas lietotaji un tarifu plana Personal lietotajiem filtracija ir
ierobezota Iidz 1 filtram uz anketu. Pastav iesp&ja eksportét grafikus formatos PNG un SVG.
Tarifu planu Personal, Business un Elite lietotajiem ir iesp&ja sanemt gala atskaiti PDF formata,
Business un Elite lietotajiem ir iesp&ja sanemt gala atskaiti DOCx formata, gala atskaites satura
noregulésana ir pieejama tikai tarifu plana Elite lietotajiem. Tarifu planu Personal, Business un
Elite lietotaji var eksportét atbildes XLS formata, vel Business un Elite lietotaji var eksportet
atbildes CSV formata un Elite lietotaji var eksportet atbildes XML un HTML formatos [5].

SoGosSurvey veic rezultatu apstradi realaja laika. Tiek izveidoti tieSsaistes parskati, kas
ir picejami jeb kura laika caur internetu. Visiem lietotajiem ir iesp&jas eksportét parskatus uz
MS Word (DOC), lietotajiem sakot no tarifu plana PLUS iespé&jas eksportet parskatus uz MS
Excel (XLS), MS PowerPoint (PPT) un Native PowerPoint. Lietotajiem sakot no tarifu plana
PRO ir iespgja izveidot parskati ar statistikas elementiem. Tarifu plana ENTERPRISE
lietotajiem ir pieeja pie Datu tiriSanas modula, kas atlauj redigét vai izdz€st neuzticamas
atbildes. Visi lidotaji var eksportet petijumu datus XML un CSV formatos, sakot no tarifu plana
PLUS pastav iespg&ja eksportet petijumu datus DOC, HTML, XML un Sogol formatos, sakot
no tarifu plana PRO, pastav iesp€ja eksportet petijumu datus uz MS Access lietotni, un tarifu
plana ENTERPRISE lietotaji var eksportét datus uz SPSS lietotni. Tarifu planu PRO un
ENTERPRISE lietotaji var importét p&tijumu datus no ieprieksgjiem pétijumiem [6].

1.tabula
Interneta aptauju izstradataju salidzinajums
Google .
SurveyMonkey Formas CreateSurvey Survio SoGoSurvey
_ _ 0-4280,41€ | 0-159,80 | 0-1929,04 €
Cena 0-900 € gada 0 € gada sada € gada sada
Jautajumu
skaits anketa 10- * S~ * 30~
Ank.etu 0 0 5-w 5-w 15 -0
skaits
Respondentu | 100 uz anketu - w 100 uz anketu — 100 uz 125 uz
skaits o0 100000 ménesi | anketu - o | anketu - o«
Interfeisa un 17 valodas 83 valodas 2 valodas 15 valodas 1 valoda
anketu (interfeiss un (interfeiss un (interfeiss) (interfeiss (interfeiss)
valodas anketas) anketas) anketas var un anketas) | anketas var
izmantot citas izmantot
valodas citas valodas
(kodesana)
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e-pasts (nav
A e-pasts
automatizetas - e-pasts
— e-pasts oy e-pasts socialie L
IzplatiSanas e e izsiitiSanas) L S socialie tikli
. socialie tikli e socialie tikli tikli _
veids - ) socialie tikli | . . _ timekla
timekla vietne _ timekla vietne timekla Lo
’ timekla ’ L vietne
. vietne
vietne
PNG
XML
SVG
XLS Google PDE CSVv
Datu tabulas XLS DOC
- PDF L. DOCx
analizes (iesp&jams SPSS HTML
. SPSS XLS
formati datu Csv XML
PPT HTML
eksports) L Sogol
(tikai ADN
atbildes)

Secinajumi un ieteikumi

P&c informacijas par uzn€émumu lietotn€m apskatiSanas un salidzinaSanas var izdarit
sekojosus secinajumus un ieteikumus.

Ir noteikts, ka visi uzneémumi, iznemot Google Inc, kas realizé bezmaksas pakalpojumu,
piedava saviem lietotajiem izmantot lietotnes bez maksas ar ierobezotu funkcionalitati, tiek
ierobezots jautajumu skaits anketa, anketu skaits, respondentu skaits un papildus iesp€jas. Visi
izstradataji lauj lietotajiem izplatit anket€s izmantojot e-pastu, socialus tiklus un timekla
vietnes. Ir noteikts, ka Google Formas piedava vislielako valodu izvéli, tapéc to var ieteikt
iesacgjiem, un cilvekiem, kas slikti saprot sveSas valodas. Uznémumi SurveyMonkey, Survio
un SoGoSurvey maksas versija atlauj lietotajiem veikt aptaujas ar neierobeZotu respondentu
skaitu, tapec So uzn@émumu produkcija ir ieteicama liela méroga uznémumiem. Uzn&€mums
SoGoSurvey piedava visplasako datu eksportéSanas formatu izveli, tapec tas ir rekomendets
lietotajiem, kas biezi strada nesaiste.

Summary

After analysis of the results of the data, it can be concluded, that all companies except
Google Inc., which provides free services for its users; to offer to users the free version of
applications with limited functionality is limited in the number of questions in the
questionnaire, the amount of questionnaires, the number of respondents and additional options.
All questionnaires developed by these companies can be distribute, via e-mail, social networks
and websites. Google Forms application offer the greatest choice of languages, so author can
recommend it for beginners and people who are poorly understood foreign languages.
Companies SurveyMonkey, Survio and SoGoSurvey paid version allows users to take surveys
with an unlimited number of respondents, so author can recommend the production of these
companies for large-scale enterprises. SoGoSurvey Company offers the most comprehensive
data export format of choice, so author can recommend it for users who often work offline.
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Abstract. The paper contains information about hacking types and systems which they are
suffered the most cyber attack. The main goal is to introduce people how to protect your systems from
several cyber attacks following by special guidelines.
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Introduction

Computer security, also known as cyber security or IT security, is the protection
of computer systems from the theft or damage to the hardware, software or the information on
them, as well as from disruption or misdirection of the services they provide.[1]

It includes controlling physical access to the hardware, as well as protecting against
harm that may come via network access, data and code injection[2], and due to malpractice by
operators, whether intentional, accidental, or due to them being tricked into deviating from
secure procedures[3].

The field is of growing importance due to the increasing reliance on computer systems
and the Internet in most societies[4], wireless networks such as Bluetooth and Wi-Fi — and the
growth of "smart" devices, including smart phones, televisions and tiny devices as part of
the Internet of Things.

Materials and methods
A vulnerability is a system susceptibility or flaw. Many vulnerabilities are documented
in the Common Vulnerabilities and Exposures (CVE) database. An exploitable vulnerability is
one for which at least one working attack or "exploit" exists[5].
To secure a computer system, it is important to understand the attacks that can be made
against it, and these threats can typically be classified into one of the categories below:

Backdoors
A backdoor in a computer system, a cryptosystem or an algorithm, is any secret method
of bypassing normal authentication or security controls. They may exist for a number of
reasons, including by original design or from poor configuration. They may have been added
by an authorized party to allow some legitimate access, or by an attacker for malicious reasons;
but regardless of the motives for their existence, they create a vulnerability.

Denial-of-service attack

Denial of service attacks (DoS) are designed to make a machine or network resource
unavailable to its intended users[6]. Attackers can deny service to individual victims, such as
by deliberately entering a wrong password enough consecutive times to cause the victim
account to be locked, or they may overload the capabilities of a machine or network and block
all users at once. While a network attack from a single IP address can be blocked by adding a
new firewall rule, many forms of Distributed denial of service (DDoS) attacks are possible,
where the attack comes from a large number of points — and defending is much more difficult.
Such attacks can originate from the zombie computers of a botnet, but a range of other

http://dx.doi.org/10.17770/het2017.21.3588
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techniques are possible including reflection and amplification attacks, where innocent systems
are fooled into sending traffic to the victim.
Eavesdropping

Eavesdropping is the act of surreptitiously listening to a private conversation, typically
between hosts on a network. For instance, programs such as Carnivore and NaruslInsight have
been used by the FBI and NSA to eavesdrop on the systems of internet service providers. Even
machines that operate as a closed system (i.e., with no contact to the outside world) can be
eavesdropped upon via monitoring the faint electro-magnetic transmissions generated by the
hardware; TEMPEST is a specification by the NSA referring to these attacks.

Spoofing
Spoofing, in general, is a fraudulent or malicious practice in which communication is
sent from an unknown source disguised as a source known to the receiver. Spoofing is most
prevalent in communication mechanisms that lack a high level of security[7].

Tampering
Tampering describes a malicious modification of products. So-called "Evil Maid"
attacks and security services planting of surveillance capability into routers[8] are examples.

Privilege escalation
Privilege escalation describes a situation where an attacker with some level of restricted
access is able to, without authorization, elevate their privileges or access level. So for example
a standard computer user may be able to fool the system into giving them access to restricted
data; or even to "become root" and have full unrestricted access to a system.

Phishing
Phishing is the attempt to acquire sensitive information such as usernames, passwords,
and credit card details directly from users[9]. Phishing is typically carried out by email
spoofing or instant messaging, and it often directs users to enter details at a fake website whose
look and feel are almost identical to the legitimate one. Preying on a victim's trust, phishing can
be classified as a form of social engineering.

Clickjacking

Clickjacking, also known as "UI redress attack™ or "User Interface redress attack", is a
malicious technique in which an attacker tricks a user into clicking on a button or link on another
webpage while the user intended to click on the top level page. This is done using multiple
transparent or opaque layers. The attacker is basically "hijacking™ the clicks meant for the top
level page and routing them to some other irrelevant page, most likely owned by someone else.
A similar technique can be used to hijack keystrokes. Carefully drafting a combination of
stylesheets, iframes, buttons and text boxes, a user can be led into believing that they are typing
the password or other information on some authentic webpage while it is being channeled into
an invisible frame controlled by the attacker.

Social engineering
Social engineering aims to convince a user to disclose secrets such as passwords, card
numbers, etc. by, for example, impersonating a bank, a contractor, or a customer[10].
A common scam involves fake CEO emails sent to accounting and finance departments.
In early 2016, the FBI reported that the scam has cost US businesses more than $2bn in about
two years[11].
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In May 2016, the Milwaukee Bucks NBA team was the victim of this type of cyber
scam with a perpetrator impersonating the team's president Peter Feigin, resulting in the
handover of all the team's employees' 2015 W-2 tax forms[12].

Systems at risk

Computer security is critical in almost any industry which uses computers. Currently,
most electronic devices such as computers, laptops and cellphones come with built in firewall
security software, but despite this, computers are not 100 percent accurate and dependable to
protect our data (Smith, Grabosky & Urbas, 2004.) There are many different ways of hacking
into computers. It can be done through a network system, clicking into unknown links,
connecting to unfamiliar Wi-Fi, downloading software and files from unsafe sites, power
consumption, electromagnetic radiation waves, and many more. However, computers can be
protected through well built software and hardware. By having strong internal interactions of
properties, software complexity can prevent software crash and security failure[13].

Financial systems
Web sites and apps that accept or store credit card numbers, brokerage accounts, and bank
account information are prominent hacking targets, because of the potential for
immediate financial gain from transferring money, making purchases, or selling the
information on the black market[14]. In-store payment systems and ATMs have also
been tampered with in order to gather customer account data and PINs.

Utilities and industrial equipment

Computers control  functions at many utilities, including coordination
of telecommunications, the power grid, nuclear power plants, and valve opening and closing in
water and gas networks. The Internet is a potential attack vector for such machines if connected,
but the Stuxnet worm demonstrated that even equipment controlled by computers not
connected to the Internet can be vulnerable to physical damage caused by malicious commands
sent to industrial equipment (in that case uranium enrichment centrifuges) which are infected
via removable media. In 2014, the Computer Emergency Readiness Team, a division of
the Department of Homeland Security, investigated 79 hacking incidents at energy
companies[15]. Vulnerabilities in smart meters (many of which use local radio or cellular
communications) can cause problems with billing fraud[16].

Consumer devices

Desktop computers and laptops are commonly infected with malware either to gather
passwords or financial account information, or to construct a botnetto attack another
target. Smart phones, tablet computers, smart watches, and other mobile devices such
as Quantified Self devices like activity trackers have also become targets and many of these
have sensors such as cameras, microphones, GPS receivers, compasses,
and accelerometers which could be exploited, and may collect personal information, including
sensitive health information. Wifi, Bluetooth, and cell phone networks on any of these devices
could be used as attack vectors, and sensors might be remotely activated after a successful
breach[17].

Home automation devices such as the Nest thermostat are also potential targets[17].

Large corporations
Large corporations are common targets. In many cases this is aimed at financial gain
through identity theft and involves data breaches such as the loss of millions of clients' credit
card details by Home Depot[18], Staples[19], and Target Corporation[20]. Medical records
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have been targeted for use in general identify theft, health insurance fraud, and impersonating
patients to obtain prescription drugs for recreational purposes or resale[21].

Not all attacks are financially motivated however; for example security firm HBGary
Federal suffered a serious series of attacks in 2011 from hacktivist group Anonymous in
retaliation for the firm's CEO claiming to have infiltrated their group[22, 23], and Sony
Pictures was attacked in 2014 where the motive appears to have been to embarrass with data
leaks, and cripple the company by wiping workstations and servers[24, 25].

Government
Government and military computer systems are commonly attacked by activists[26, 27,
28, 29] and foreign powers[30, 31, 32, 33]. Local and regional government infrastructure such
as traffic light controls, police and intelligence agency communications, personnel records,
student records[34], and financial systems are also potential targets as they are now all largely
computerized. Passports and government ID cards that control access to facilities which
use RFID can be vulnerable to cloning.

Summary

In computer security a countermeasure is an action, device, procedure, or technique that
reduces a threat, a vulnerability, or an attack by eliminating or preventing it, by minimizing the
harm it can cause, or by discovering and reporting it so that corrective action can be taken[35,
36, 37].

Some common countermeasures are listed in the following sections:

Security by design

Security by design, or alternately secure by design, means that the software has been
designed from the ground up to be secure. In this case, security is considered as a main feature.

Some of the techniques in this approach include:

. The principle of least privilege, where each part of the system has only the
privileges that are needed for its function. That way even if an attacker gains access to that part,
they have only limited access to the whole system.

. Automated theorem proving to prove the correctness of crucial software
subsystems.

. Code reviews and unit testing, approaches to make modules more secure where
formal correctness proofs are not possible.

. Defense in depth, where the design is such that more than one subsystem needs to
be violated to compromise the integrity of the system and the information it holds.

. Default secure settings, and design to "fail secure” rather than "fail insecure"
(see fail-safe for the equivalent in safety engineering). Ideally, a secure system should require
a deliberate, conscious, knowledgeable and free decision on the part of legitimate authorities in
order to make it insecure.

. Audit trails tracking system activity, so that when a security breach occurs, the
mechanism and extent of the breach can be determined. Storing audit trails remotely, where
they can only be appended to, can keep intruders from covering their tracks.

. Full disclosure of all vulnerabilities, to ensure that the "window of vulnerability"
is kept as short as possible when bugs are discovered.

Security architecture

The Open Security Architecture organization defines IT security architecture as "the
design artifacts that describe how the security controls (security countermeasures) are
positioned, and how they relate to the overall information technology architecture. These
controls serve the purpose to maintain the system's quality attributes: confidentiality, integrity,
availability, accountability and assurance services"[38].
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Techopedia defines security architecture as "a unified security design that addresses the
necessities and potential risks involved in a certain scenario or environment. It also specifies
when and where to apply security controls. The design process is generally reproducible.” The
key attributes of security architecture are[39]:

. the relationship of different components and how they depend on each other.

. the determination of controls based on risk assessment, good practice, finances,
and legal matters.

. the standardization of controls.

Security measures

A state of computer "security" is the conceptual ideal, attained by the use of the three
processes: threat prevention, detection, and response. These processes are based on various
policies and system components, which include the following:

. User account access controls and cryptography can protect systems files and
data, respectively.
. Firewalls are by far the most common prevention systems from a network

security perspective as they can (if properly configured) shield access to internal network
services, and block certain kinds of attacks through packet filtering. Firewalls can be both
hardware- or software-based.

. Intrusion Detection System (IDS) products are designed to detect network
attacks in-progress and assist in post-attack forensics, while audit trails and logs serve a similar
function for individual systems.

. "Response” is necessarily defined by the assessed security requirements of an
individual system and may cover the range from simple upgrade of protections to notification
of legal authorities, counter-attacks, and the like. In some special cases, a complete destruction
of the compromised system is favored, as it may happen that not all the compromised resources
are detected.

Today, computer security comprises mainly "preventive” measures, like firewalls or
an exit procedure. A firewall can be defined as a way of filtering network data between a host
or a network and another network, such as the Internet, and can be implemented as software
running on the machine, hooking into the network stack (or, in the case of most UNIX-based
operating systems such as Linux, built into the operating system kernel) to provide real time
filtering and blocking. Another implementation is a so-called "physical firewall”, which
consists of a separate machine filtering network traffic. Firewalls are common amongst
machines that are permanently connected to the Internet.

Some organizations are turning to big data platforms, such as Apache Hadoop, to extend
data accessibility and machine learning to detect advanced persistent threats[40, 41].

However, relatively few organisations maintain computer systems with effective
detection systems, and fewer still have organised response mechanisms in place. As result, as
Reuters points out: "Companies for the first time report they are losing more through electronic
theft of data than physical stealing of assets"[42]. The primary obstacle to effective eradication
of cyber crime could be traced to excessive reliance on firewalls and other automated
"detection™ systems. Yet it is basic evidence gathering by using packet capture appliances that
puts criminals behind bars.

Hardware protection mechanisms

While hardware may be a source of insecurity, such as with microchip vulnerabilities
maliciously introduced during the manufacturing process[43, 44], hardware-based or assisted
computer security also offers an alternative to software-only computer security. Using devices
and methods such as dongles, trusted platform modules, intrusion-aware cases, drive locks,
disabling USB ports, and mobile-enabled access may be considered more secure due to the
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physical access (or sophisticated backdoor access) required in order to be compromised. Each
of these is covered in more detail below.

. USB dongles are typically used in software licensing schemes to unlock
software capabilities[45], but they can also be seen as a way to prevent unauthorized access to
a computer or other device's software. The dongle, or key, essentially creates a secure encrypted
tunnel between the software application and the key. The principle is that an encryption scheme
on the dongle, such as Advanced Encryption Standard (AES) provides a stronger measure of
security, since it is harder to hack and replicate the dongle than to simply copy the native
software to another machine and use it. Another security application for dongles is to use them
for accessing web-based content such as cloud software or Virtual Private
Networks (VPNs)[46]. In addition, a USB dongle can be configured to lock or unlock a
computer[47].

. Trusted platform modules (TPMs) secure devices by integrating cryptographic
capabilities onto access devices, through the use of microprocessors, or so-called computers-
on-a-chip. TPMs used in conjunction with server-side software offer a way to detect and
authenticate hardware devices, preventing unauthorized network and data access[48].

. Computer case intrusion detection refers to a push-button switch which is
triggered when a computer case is opened. The firmware or BIOS is programmed to show an
alert to the operator when the computer is booted up the next time.

. Drive locks are essentially software tools to encrypt hard drives, making them
inaccessible to thieves[49]. Tools exist specifically for encrypting external drives as well[50].
. Disabling USB ports is a security option for preventing unauthorized and

malicious access to an otherwise secure computer. Infected USB dongles connected to a
network from a computer inside the firewall are considered by the magazine Network World as
the most common hardware threat facing computer networks[51].

. Mobile-enabled access devices are growing in popularity due to the ubiquitous
nature of cell phones. Built-in capabilities such as Bluetooth, the newer Bluetooth low
energy (LE), Near field communication (NFC) on non-iOS devices and biometric validation
such as thumb print readers, as well as QR code reader software designed for mobile devices,
offer new, secure ways for mobile phones to connect to access control systems. These control
systems provide computer security and can also be used for controlling access to secure
buildings[52].

Secure operating systems

One use of the term "computer security" refers to technology that is used to implement
secure operating systems. In the 1980s the United States Department of Defense (DoD) used
the "Orange Book"[53] standards, but the current international standard ISO/IEC 15408,
"Common Criteria™ defines a number of progressively more stringent Evaluation Assurance
Levels. Many common operating systems meet the EAL4 standard of being "Methodically
Designed, Tested and Reviewed", but the formal verification required for the highest levels
means that they are uncommon. An example of an EAL6 ("Semiformally Verified Design and
Tested") system is Integrity-178B, which is used in the Airbus A380[54] and several military
jets[55].

Secure coding

In software engineering, secure coding aims to guard against the accidental introduction
of security vulnerabilities. It is also possible to create software designed from the ground up to
be secure. Such systems are "secure by design". Beyond this, formal verification aims to prove
the correctness of  the algorithms underlying a system[56]; important for cryptographic
protocols for example.
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Abstract. The paper deals with the influence of metal/carbon nanocomposite additives on the physical
properties of composite polymer reinforcement samples. Novel methods of composite rebar production have
been suggested and tested. The overall positive effect of polymer composite material modification by selected
additives has been found and analyzed.
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Introduction

Polymer composite materials with higher specific performance than the traditional high-
strength structural materials based on steel, titanium and aluminium are considered to be the
materials of the 21st century. Composite materials reinforced with continuous high strength
high modulus glass or basalt fibers, in the form of rebar with diameter from 2 to 40 mm present
the greatest interest as structural materials for the construction industry [1].

Structurally they are multicomponent materials consisting of polymer matrix reinforced
with fillers, fibers, whiskers, particulate matter, etc. The main advantage of composite material
is that by selection of the composition and properties of filler and matrix, their ratio, orientation
of the filler it is possible to obtain materials with the required combination of operational and
technological properties. The selection of key components is determined by the required
functional requirements, operational reliability of the composites, and compatibility of
components, adaptability of processing, availability and cost.

Materials and methods

Fiberglass performs a reinforcing function and ensures the necessary strength. Polymer
binder, located in the interfiber space is used for distribution of mechanical stresses between
the fibers, also partly takes these mechanical stresses and, very importantly, determines the
solidity of the material, transfer and stress distribution in the filler, determines the heat-,
moisture-, heat - and chemical resistance.

Currently a promising direction to enhance structural strength of fiberglass is the
modification of polymer matrix by various nano-additives, or creation a matrix of
nanostructures during the synthesis of the material. Updating is understood as the directed
change of structure and properties of polymers when administered in the composition of
macromolecules of the small number of nanoscale fragments of different nature [2]. The
properties of the obtained multiphase nanocomposites are determined by two main factors:
1) the dispersion and distribution of nanoparticles in the polymer matrix, and 2) the interaction
between polymer chains and nanoparticles.

The aim of this study is to increase the strength characteristics of fiberglass
reinforcement by modification of epoxy resins by sapentia representing
isomethyltetrahydrophthalic anhydride (ISO-MTHPA) with a concentration of metal/carbon
nanocomposite (NC) Cu/C of 1.125% and the subsequent technological processing. The
concrete result manifests itself in the peculiarities of the structure and the distribution of
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nanoparticles in the polymer matrix and interphase boundaries even at such small content of
nanoparticles as 1-2 weight percent in the composite.

The technology of recovery metal compounds in the polymeric materials matrices
consists of mechanochemical and thermochemical stages. This gives a durable nanocomplex
metal with the carbon matrix. The amount of the nanoproduct depends on its nature and activity,
and on the structure of the main composition. Modified nanocomposites have chemical-
physical and mechanical properties, significantly exceeding those of the original [3].

Table 1
Results of physical-mechanical tests
Composition Heat mode (1) Mechanical
and (2) properties
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Check sample | 1000 | 1000 | 40 - (1): 245, 240, | 8 | 1110 | 51733 | 2,5
230, 200, 200,
190.
Sample 1 1000 | 964 | 40 | 36 | (1):245,240, | 8 | 1158 | 51360 | 2,1
(FS Cu/C 230, 200, 200,
concentration 190
0,04%)
Sample 2 1000 | 980 | 40 | 18 | (1):245,240, | 8 | 1150 | 50980 | 2,9
(FS Cu/C 230, 200, 200,
concentration 190
0,02%)
Sample 3 1000 | 980 | 40 | 18 | (2):245,240, | 8 | 1196 | 49820 | 3,7
(FS Cu/C 230, 220, 210,
concentration 190
0,02%)
Sample 4 1000 | 964 | 40 | 36 | (2):245,240, | 8 | 1224 | 50140 | 4,2
(FS Cu/C 230, 220, 210,
concentration 190
0,04%)
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Fig. 2. The tensile strength of 1110 MPa, Modulus of elasticity 51733 MPa
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b
Fig. 3. Sample 1 (a: x100, b: x200)
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Fig. 4. The tensile strength of 1158 MPa, Modulus of elasticity 51360 MPa
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b
Fig. 5. Sample 2 (a: x100, b: x200)
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Fig. 6.The tensile strength of 1150 MPa, Modulus of elasticity 50980 MPa
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Fig. 7. Sample 3 (a: x100, b: x200)
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Fig. 8.The tensile strength of 1196 MPa, Modulus of elasticity 49820 MPa
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b
Fig. 9. Sample 4 (a: x100, b: x200)
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Fig. 10.The tensile strength of 1224 MPa, Modulus of elasticity 50140 MPa
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Results

To enable the interaction of components in the suspension, before the experiment on a
production line “Polikom-5" “OOO Polikompozit” in the production of fiberglass
reinforcement with the method of nightrose, fine suspension (FS) Cu/C NC was subjected to
ultrasonic treatment for 20 min. Then FS Cu/C NC was injected into the epoxy binder (resin
ED-20 + hardener ISO-MTGFA), processing system in ultrasonic bath for 20 minutes, for
uniform distribution of ultrafine particles in the polymer. The optimal NC concentrations (0.02
and 0.04%) were chosen empirically. Further modified compound was poured into a bath of
impregnation of the glass strands on the line. The binder composition of fiberglass
reinforcement samples (@6mm) obtained in the experiment is shown in Table 1.

Some samples were studied optically using their thin sections (Figures 1 — 5) and tested
for axial tension according to GOST 31938-2012 "Composite polymer reinforcement for
concrete structures reinforcement. General technical conditions".

As a result of epoxy binder modification using a FS Cu/C NC, improvement of glass
fiber wettability was visually observed for all samples, which is consistent with the optical study
of micro-sections (according to the images of micro-sections, the packing density in these
samples is higher than that in the check sample, demonstrating the highest defects content and
consequently the lowest limit strength). However, with the introduction of nano-modifier, a
decrease in the elastic modulus takes place, which is probably caused by a decrease in plasticity
of the binder.

Conclusions

When analyzing data of physical-mechanical tests it was found that the thermal mode
"2" increases the tensile strength to 10% as well as the ductility of the epoxy binder. The tensile
strength growth in samples 1-4 may be caused by an increase in adhesive interaction between
glass and epoxy binder.

Thus, the application of modifying additives makes it possible to control the composite
rebar properties in accordance with operational requirements. The overall positive effect of
composite rebar modification by selected additives extends the application area of such
materials.
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Abstract — For the future, Germany banks on renewable energy. That bears a challenge, because this
energy generation heavily depends on climate conditions. Therefore, a proper storage technology is needed to
ensure the energy supply all over the year. Furthermore, the expansion of renewable power plants and the
power grid expansion advance in different pace. The power grid operators have to react with feed-in
management actions to safe the grid against overloading. As a consequence, operators have to switch off some
of their windmills if the wind blows to strong. Suitable storage technologies will help to avoid shutting down
renewable power plants to generate the full energy potential. A promising technology is Power2Gas. These
facilities transform electrical energy into gas, which could be stored in the huge German gas network.

Keyword: electrolysis, feed-in management, methane, power-to-gas, storage

1. Introduction

At least since the German government determined to shut down all nuclear power plants
after the nuclear catastrophe in Fukushima in 2011, the expansion of renewable energy sources
speeded up. Germany wants to become a pioneer in backing out of nuclear energy generation.
In 2022, the last German nuclear power plant will be shut down.

Much earlier the international community of states had realized that the global warming
is the result of increasing carbon emissions. To counteract this development they created
climate agreements since 1992 such as the Agenda 21, the Kyoto Protocol or the Paris
Agreement. [1] Subsequently the expansion of carbon neutral energy sources is one keystone
for reducing carbon emissions and to adjust the global warming.

2. Renewable energy in Germany

In order to reduce the carbon emission and to ensure the energy supply without nuclear power
plants, the German government is promoting the renewable energy sources. Despite a small
expansion in the 1990’s, wind power, photovoltaics and biomass are covering one third of the
German gross electricity consumption nowadays. [2] Nearly half of the renewable energy bases
on wind energy. [3] Especially the coastal areas are qualified for this technology because of
suitable wind conditions all over the year. Therefore many on- and offshore wind farms were
and will be built in northern Germany. [4] Continuous increasing of electricity generation is the
result (Figure 4 *landfill, sewage and mine gas).

Electricity generation from renewable energy
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Figure 4 Electricity generation from renewable energy from 2012 — 2015 [3, 5-7]
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2.1. German electricity network — current problems
At first appearance the development of renewable energy generation looks good, but
there is one big problem. The German electricity grid is not able to transport unlimited electrical
power from the north to the south, because the grid expansion is not as fast as it should be.
Therefore the grid operators have to draw on feed-in management. That means cutting down
the electricity generation. [8]

Table 7
Feed-in management between 2012 and 2016 in GWh [9]

Year | 1tquarter | 2" quarter | 3" quarter | 4" quarter | Total
2012 - - - - 385
2013 - - - - 555
2014 - - - - 1581
2015 1135 737 815 2036 | 4722
2016 1511 534 551 -* -*

- not published, -* still not published

In the last three to four years the amount of unused renewable energy increased by
shutting down the electricity generating plants (Table 7). In 2012 about 400 gigawatt hours
were not fed in. Two years later this value nearly reached 1600 gigawatt hours and in the
following year it was tripled. The main reasons for shutting down are to protect the power grid
against overload and because affordable long-term storage technologies for excess electric
energy are missing.

For all these feed-in management actions the grid operators have to pay monetary
compensations to the owners of the affected power plants. In 2012 the grid operators payed
33.10 million euros. For the following twelve months 43.74 million euros have been incurred
and one year later the compensations increased to 82.69 million euros. For the year 2015 there
was a strong increase up to 314.84 million euros. [3]

Table 8

Distribution of lost renewable energy generation according to energy sources between
2012 and 2015 in GWh [3, 5-7]

Year | 2012 | 2013 2014 2015
Energy source
Wind energy 358.5| 480.3| 1221.5| 41249
Solar energy 16.0 65.5 245.2 227.6
Biomass 9.4 8.8 112.1 364.4
Others* 1.1 0.4 2.2 5.1
Total 385.0 | 555.0| 1581.0 | 4722.0

*gases, water, geothermics and cogeneration

The values for the year 2016 will be published at the end of the year 2017.

Table 8 shows the distribution of lost renewable energy generation according to energy
sources. Worst affected from shutting down is the wind energy. Especially the electrical power
generated by wind turbines in Schleswig-Holstein exceeds the capacity of the German power
grid. In this state alone, about 3079 gigawatt hours were not generated in 2015, which
represented 65% of the total value. By far, Brandenburg, Lower Saxony and Mecklenburg-
Western Pomerania are following with 689 gigawatt hours, 429 gigawatt hours and 265
gigawatt hours. [3] The power loss from solar energy and biomass is much lower, because these
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power plants are distributed evenly all over Germany. Therefore the power grid load caused by
them is not as focused as it is by wind energy.

Altogether the development of proper storages for renewable energy is a critical factor
to promote the energy revolution successfully. In different projects around the world electric
power devices are tested in pilot experiments. Currently, they are often used for short term
storage. Excess electrical power that is generated by day can be stored for the night. Tesla,
around its founder Elon Musk, installed a solar park with 272 Tesla-Powerpacks on the
Hawaiian island Kauai. Thereby the inhabitants do not use diesel generators anymore. [10]

Another pilot project is planned in Varel, Germany, in close vicinity to the Jade
Hochschule of Wilhelmshaven by the Japanese consortium Nedo. The battery storage device
will need the area of a football pitch and should store plus distribute the renewable energy that
IS generated in this region. [11]

3. Alternative storage opportunity— gas network in Germany

One promising alternative to electrical power devices is a technology, which converts
electrical power into gas. This technology is known as power-to-gas and allows the use of the
gas network and gas stores for long-term energy storage. After a look on the German gas grid,
the technical and chemical explanation of power-to-gas plants follows in chapter 4.

The volume of work of the German gas grid is about 27.6 million standard cubic metres,
which corresponds around one quarter of the European capacity. [3, 12] This quantity represents
30% of the annual German gas consumption. [3, 13] Behind USA, Russia and Ukraine,
Germany is the worldwide number 4 in terms of gas storage capacity. [14] This fact shows,
how big the German potential is, to store renewable energy in form of gas. 51 underground gas
stores allow this high number of storage capacity. In Germany almost exclusively pore and
cavern storages are used. [15] With the conversation of electrical power into gas, Germany has
the possibility to use renewable energy also for non-electrical processes.

In the last year, German companies and research institutes built power-to-gas plants for
testing purposes all over the country. One pilot project is the Audi e-gas project in Werlte,
Lower Saxony, about 120 km south west of Wilhelmshaven, which is operated by the
automobile manufacturer Audi AG. This plant serves to generate hydrogen for further testing
and supply of vehicles with fuel cell drive. In another step it is also possible to convert the
hydrogen into methane. This gas can be fed into the normal gas grid and makes the long term
storage of renewable energy possible. After some months of research the plant is integrated in
the German gas network, since autumn 2013. [16]

In the year 2015, the electrical supplier RWE Deutschland AG activated another
demonstration plant in Ibbenbiiren, North Rhine-Westphalia. The main research objectives are
investigations about the operation flexibility and analysis of the storage process. This plant
generates hydrogen, which is fed into the RWE-gas network. [17]

4. Power2Gas — Technological fundamentals
In general, Power2Gas uses electric energy, primarily the excess of renewable energy
sources arising because of fluctuation, to generate hydrogen or synthetic methane. Even if the
gravimetric energy density of pure hydrogen is the highest, the focus of this paper is the
production of methane. The reasons are the higher volumetric energy density of methane and
many aspects regarding the easier handling in comparison to pure hydrogen. [18]

4.1. Chemical action principle
Electrolysis, the decomposition of an ion conductor with the help of electricity, forms
the technological basis of Power2Gas. Thereby, water is separated into its components oxygen
and hydrogen. Figure 5 shows the general principle of water electrolysis. [19]
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Figure 5 Schematic of electrolysis principle [20]

Two electrodes bathed in an ion conductor are connected to an external power supply.
Since pure water is an isolator, acids, alkali or soluble salts are often used to raise the electrical
conductivity. The voltage at the electrodes leads to a lack of electrons at the anode and a
spillover of electrons at the cathode. OH™-anions (in alkaline aqueous solutions) or H2O-
molecules (in acid aqueous solutions) move to the anode where they release an electron,
meaning they are oxidated. As a result, oxygen rises in its gaseous state. In contrast, positive
hydrogen-ions (in acid solution) and H20-molecules (in alkaline solutions) wander to the
cathode. Hence, each of those cations absorbs an electron, is reduced to hydrogen. Finally,
hydrogen gas rises at the cathode and can be absorbed. [19]

The following redox reactions express these processes:

Table 9
Terms of redox reactions for water electrolysis [19]
type of aqueous reduction at cathode oxidation at anode
solution
acid 4H " +4e” ©2H, 2H,0 ©0,+4H" +4e”
alkaline 4H,0+4e  ©2H,+40H | 40H ©0,+4e” +2H,0

In sum, hydrogen gas occurs at the cathode and oxygen gas at the anode, independent
of the type of solution. The reaction can be summarized to:

el.energy

2H,0 —> 2 H, + 0, [18]

Subsequently, the generated hydrogen can either be stored, transported or used directly
for example as fuel in vehicles. But in Germany the preferred way is the subsequent
methanation. In this case, a chemical synthesis transforms hydrogen and added carbon dioxide
into methane (CHa). [21]

The the redox reaction of the methanation process shows, that there are no other
byproducts despite water, what is an advantage relating to environmental aspects:

4H, +C0, - CH, + 2 H,0 [19]

This synthetic methane can then be led into the existing infrastructure for natural gas
without any limits. [19] If the system uses already existing carbon dioxide and does not release
it from fossil sources only for this purpose, the generated methane is CO2-neutral. Examplary
sources are biogas, waste products from sewage or composting plants as well as the carbon
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dioxide existing in the atmosphere. Stripping CO2 from the air is relatively expensive compared
to other methods but would reduce its concentration in the atmosphere. [18]

4.2. Implementation
The implementation of complete systems for power-to-gas plants requires the
combination of various components. These are:
o power supply
» best case: near renewable energy sources
transformers and rectifiers

» because electrolysis presumes a d.c. supply at low voltage levels
electrolyzer including electrolyte supply

. supporting components

» e. g. cooling systems, electrolyte reconditioning, inert gas supplies
downstream components

» e.g. compressors, gas cleaners, a methanation complex, storages

Sometimes also reconversion attachments are added to generate electrical power from
the gas again. But such constructions lower the degree of efficiency distinctly and do not
redound to a long-term storage of energy for which reason this paper neglects those. [18, 22]

Two of those components are most important: electrolyzer and methanation complex.
For realizing electrolysis in big scales there are three main methods available. These are alkaline
electrolysis (AEL), membrane electrolysis (proton exchange membrane, PEMEL) and high
temperature electrolysis of steam (HTES, also called solid oxide electrolysis SOEL). They
differ in the way of construction, operating behavior under pressure and under dynamic
conditions based on fluctuating power supply, temperature and used electrolyte. They have in
common that one electrolyzer consists of many electrolytic cells built up in stacks to generate
appropriate amounts of gas. [18]

Theoretically methanation can be implemented in two basic manners, catalytic and
biological, though biological procedures are only used in laboratories yet. Catalytic procedures
need to be developed, too, especially in relation to their flexibility. At the moment it is difficult
to work with unsteady gas streams (H2). But particularly this characteristic is important if the
power-to-gas technology shall be used to compensate fluctuating electricity generation. That is
why buffer storages for hydrogen are needed at the moment. Anyway, they can be used in
sufficient dimensions to make methanation possible. [22]

=

Power infrastructure

Methanation

Natural Gaz
Storage

Figure 6 Integration of P2G into power and gas infrastructure [23]
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Figure 6 shows a possible integration of complete systems into the existing
infrastructure. Produced hydrogen can either be stored, used directly for heating, power
generation, in industry and mobility or it can be transformed to methane and then be led into
the natural gas infrastructure.

4.3. Technical and economic efficiency
The technical efficiency of the power-to-gas technology depends on many different
aspects. Important are for example the sort of electrolyzer, used carbon dioxide sources for
methanation, the methanation process itself and whether process heat is used or wasted. [22]

Table 10
Degrees of efficiency
system degree of efficiency
Power-to-Gas without use of process heat 46 - 53 % [22]
Power-to-Gas with further use of process heat 49 - 79 % [18]

Table 10 assume full use to capacity. So, under realistic conditions efficiency would be
a bit smaller. But it still makes clear that a reasonable use of process heat should be considered
while planning power-to-gas plants, for example creating a block-type thermal power station
or to use the heat for generating steam if HTES electrolyzers are used. [18]

At the moment, a profitable operation is not possible because specific investment costs
vary between 2500 and 5000 €/kW and production costs strongly depend on the electricity rate.
Compared to prices for natural gas from conventional sources or biogas plants, synthetic
methane from power-to-gas plants is too expensive. [18]

But prospectively, power-to-gas can portray an interesting economic opportunity
considering German laws and targets regarding a full energy supply through renewables.
Especially if the technology can be developed in a way that major plants with higher outcomes
can be built and excessive energy from renewables can be used, economic operation is more
likely to occur. [18]

5. Conclusion

Summing up, power-to-gas may not be a profitable technology from the economic or
financial point of view right now. For a competitive usage degrees of efficiency are too low,
investment and operating costs are too high and the systems are not flexible enough to adopt to
fluctuating energy supply.

But considering objectives of the German government, for instance to achieve an
energy supply that is completely based on renewables, power-to-gas offers opportunities to
reach these goals by using the existing gas infrastructure and make long-term energy storages
possible. Moreover, further development will lead to a decrease of costs on the one hand and
to an increase of efficiency on the other hand. So, economic solutions can probably be realized
in the future.

Concluding these aspects, the idea of power-to-gas is a good approach, especially if
current problems can be reduced to a minimum, which should be pursued.
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Abstract. The paper deals with the problems of creation and application of IGBT driver and their
possible solutions. Creating your own IGBT driver and apply it to correctly drive transistors according to
the desired purposes might be challenging. In this paper, we in brief summarized the process and main
stages of creation and application of IGBT driver. This paper could be used as a guideline for future
creations and as a piece of information from what you need to avoid if You want to create and apply your
own driver without any setbacks.

Keywords: driver, frequency, insulated gate bipolar transistor, pulse-density modulation.

levads

IGBT tranzistors (Insulated Gate Bipolar Transistor —izol&tas bazes binarais tranzistors)
ir tranzistors, kas parslédzams ar ieejas sprieguma polaritates izmainu, bet iesleégta stavokli tam
ir tiristoram raksturigas Tpasibas ar mazu tieSo sprieguma kritumu.

IGBT tranzistors sevi apvieno MOSFET tranzistora, bipolara tranzistora un tiristora
ipasibas, kas izveido slédzi ar nulles statisko vadibas stravu, lielu stravu, augstu nominalo
spriegumu un maziem parslégsanas laikiem.

Izoletas bazes bipolarie tranzistori ir paredzeti izmantoSanai lielu stravu iekartas —
impulse iekartds un invertoros, lidzstravas parveidoSanai mainstrava. IGBT tranzistoru
galvenas prieksrocibas:

. tranzistoram atrodoties pilnigi atvérta stavokli ir mazs sprieguma kritums uz
kolektora — emitera k&di;

. loti liela jutiba, jo caur MOSFET tranzistora aizvaru neplist strava, tatad vadibu
praktiski veic tikai ar potencialu;

. loti atrdarbigs.

IGBT tranzistorus ka elektriskas jaudas slédzus pielieto daudzviet: dazadu frekvencu
piedzinas, elektriskajas automaSinas, dazadu atrumu vilcienos, ledusskapjos, gaisa
atsvaidzinatajos un pat stereo sisteémas ar parslédzoSiem pastiprinatajiem. Tie tiek izmantoti
vid€jas lidz augstas jaudas vajadzibam ka parslédzamu rezimu baribas avotos, vilces motoru
vadiba un induktivaja sildiSana. Pédg€ja piemera pielietojums ir tiesi tas, kura més izmantojam
IGBT draiveri un par kuru talak tiks aprakstits.

Materiali un metodes
IGBT tranzistora uzbiive paradita 1. att€la. Ka redzams 1. attéla, IGBT tranzistora izeja
tiek izmantots bipolarais p-n-p tipa tranzistors. Tranzistoru var ieslégt, padodot uz vadibas
elektrodu A pozitivas polaritates spriegumu attieciba pret izejas izvadu E, Iidzigi ka n-p-n
bipolarajam tranzistoram.

http://dx.doi.org/10.17770/het2017.21.3592
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1. attels. IGBT tranzistora uzbuve

IGBT pustilta draiveris un ta darba iezimes

Misu darba pie induktivas apkures iekartas tika izmantots pustilta draiveris, kurs veica
speka kedes parslégSanu polaritates mainai. Jaudas Regulacija notika ar Pulsa blivuma
modulaciju (Pulse Density Modulation turpmak teksta - PDM) jaudas regulacijai. Aprakstot
pustilta draiveri, ir japiemin, ka jaudas PDM reguléSanas izmantoSana ieklauj noteiktas iezimes
pustilta draivera sheémas. Galvena ir tada, ka pustilta tranzistora augs€jas un apaksgjas pozicijas
pie PDM reguléSanas strada nesimetriski. Pie mazam PDM vértibam apaks€ja tranzistora
pozicija biitiba ir atverta un aizveras tikai augs€jas tranzistora pozicijas atverSanas laika (nemot
veéra “dead-time”). Pie PDM palielinasanas tranzistora augs€ja pozicija atveras aizvien biezak
un biezak. Un tikai tad, kad PDM ir vienads ar 100% tranzistora aug$€ja un apaksgja pozicija
atveras vienlidz biezi. Tada veida pie PDM izmainas no 0 lidz 100% tranzistora augsgjas
pozicijas vadamo impulsu aizpildiSanas koeficients palielinas no 0 gandriz Iidz 0.5 (ar uzlabotu
“dead-time”), bet apaksgja pozicija — samazinas no 1 gandriz lidz 0.5.

Pie tik liela tranzistora apaksg€jas pozicijas vadamo impulsu aizpildijuma koeficienta
nav atlauts izmantot izeja transformatoru. Tamdél tiek izvéléts draiveris uz mikroshémas
IR2109 bazes, kas atlauj funkcionét pie jebkadiem vadibas impulsu aizpildijuma koeficientiem.
Ta merkis ir tads, lai priek§ tranzistora aug$€jas pozicijas (ar maziem aizpildijuma
koeficientiem) tiktu izmantota transformatora izeja, bet tranzistora apaksgjas pozicijas aizvars
bitu pievienots tiesi pie draivera izejas bez jebkadas galvaniskas atdaliSanas. Kop€ja vadibas
kedes galvaniska izeja no jaudas tranzistoriem 1stenojas pa ieejas signalu ar atrgaitas optopara
6N137 palidzibu. Eksperimenti parada, ka draivera aug$€jas un apak3$gjas pozicijas
nesimetriskums gadas diezgan reti, tamdél nav nekadas nepiecieSamibas péc papildus aiztures
kompensacijas.

Draivera viena kanala shema
Pustilta draiverim izvéléts sekojoSais shematiskais risinagjums. Tranzistora vadibas
signali tiek pastiprinati uz MAX4420 un péc tam galvaniski sadalas ar impulsu transformatora
palidzibu ar pasivo elementu komplektu, kas nepiecieSams priek$ impulsu signala vienpolaras
nodoSanas ar kapacitativo slodzi uz tranzistora aizvara. Viena kanala shéma ir paradita 2. attela.
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2. attéls. Viens draivera kanals ar galvanisko mezglu

Probléma ir taja, ka transformatoram ir pareizi janodod viens polarais signals. Bet prieks
ta, lai izvairitos no serdena piesatinajuma, ir nepiecieSams novakt nemainigas sastavdalas. Tas
tiek izdarits ar kondensatora C3 palidzibu pirms transformatora pirma tinuma. Uz Trl izejas
mes jau ieglstam divpolaru signalu, kas ideali sakrit ar avotu, bet kas parvietots uz negativo
apgabalu, ka reiz par §1s novaktas pastavigas komponentes lielumu. Tads signals miis pilniba
apmierina, ta ka uz lauktranzistoru aizvariem var padot negativu fiksétu signalu. Bet $eit rodas
otra probléma: impulsu amplitida mezgla izeja bis atkariga no signala aizpildijuma
koeficienta. Darba frekvences diapazona augstajas dalas (300 kHz) “dead-time” ilgums lidzinas
sekojoSo impulsu periodiem. Tamdg] aizpildijuma koeficients (impulsa ilguma attieciba pret
periodu) musu darba diapazona (100-300 kHz) izmainisies jau diezgan plasas robezas. Pie
dazadiem aizpildijuma koeficientiem impulsa amplitiida uz transformatora sekundara tinuma
ar1 ir dazads. Rezultata viena darba diapazona signals izradas parak mazs priek§ uzticamas
tranzistora atveérSanas, bet cita, pavisam otradi, var parsniegt tranzistora pielaujamas robezas
(parasti 20 V). Tamdel vienkar$ak ir atjaunot musu signala pastavigas sastavdalas péc
galvaniska mezgla. Priek§ ta var izmantot loti vienkarSus risinajumus ta saucamaja k&des
“atjaunoSanas” veida: kondensators C4 un diode VDI (skat. 2. attéls). Rezistors R1 ir
nepiecieSams priek$ tranzistoru aizvaru izlades pie impulsu generatora izslégSanas, pret&ja
gadijuma uz tranzistora aizvara var palikt 1adin$ un tranzistors palikt atverts.

Kondensatorus C1 un C2 (skat. 2. attéls) ir nepiecie$ams novietot péc iespgjas tuvak
MAX4420 korpusam. Kondensatoru C3 un C4 ietilpibas nominali, kas uzraditas 2. att¢la, ir
pilniba piemeroti prieks izveleta frekvences diapazona. Ka VDI diodi vislabak ir izveleties
Sotki diodi. Ar to signala nulles limenis ir maksimali tuvu nullei. Transformatora parametri
dotajam frekvences diapazonam uzraditi shema. Ir neliels amplitidas kritums pie impulsa
beigam zemajas frekvences, bet tas nav kritiski priek§ tranzistora darba. Spole ir ar diviem
tinumiem. Tinuma vadiem var izmantot datortiklu kabelu vitos parus. Tie jau ir labi saviti,
pietiekami biezi un cieti.

Draivera shéma un konstrukcija

Draivera shéma ir paradita 3. attéla. Izejas signals no impulsu blivuma modulatora aiziet
uz optopara 6N137 ieeju. Optopara 6N137 izeja signals tiek invertéts, tamde] tiek izmantoti
divi papildus invertgjosie bufera elementi D1.1 un D1.3.

Vel viena signala invert€Sana prieks tranzistora apaks€jas pozicijas noris invertora D1.2.
Talak tranzistora aug$€jo un apaks€jo poziciju vadibas signali nonak dead-time veidojosaja
mezgla. Kas ir istenots uz logiskajiem “UN” elementiem D2.1 un D2.2. Rezultata aizture rodas
tikai uz ienakoso signalu prieksgjam fronte€m. Aiztures lielums un sekojosi ar1 dead-time nosaka
R3*C3 un R4*C4 komponentes kuras var tikt korigétas péc jaudas modula parametriem.
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3. attels. Draivera elektriska shéma

Talaka tranzistora augs€jas un apaksg€jas pozicijas vadibas signalu apstrade noris dazadi.
Tranzistora apak$€jas pozicijas signals vienkarSi pastiprinas ar mikroshémas MAX4420
palidzibu un aiziet uz draivera izeju. Tranzistora augsgjas pozicijas signalam jabiit kop&jam
vadibas “plistoSam” potencialam. Tamde] ir nepiecieSama galvaniska izeja. Dotaja gadijuma
tiek izmantota transformatora izeja ar pastavigo sastavdalu korekciju.

Transformatora parametri, kas tiek izmantots mezgla, ir paraditi 3. attla. Sis vértibas ir
orientétas uz frekvences diapazonu 100-300 kHz. Ja ir nepiecieSams stradat pie zemakam
frekvenceém, ir japalielina transformatora tinumu skaits.

Draivera bariba tiek nodro§inata no 12 V sprieguma avota. Optopara 6N137 izejas
posmiem ir nepiecieSams 5 V sprieguma baroSana. Tamdgl prieks ta, lai nevajadz&tu izmantot
vel vienu baribas avota, tick izmantots integralais stabilizators L7805. No §1 pasa stabilizatora
barojas mikroshemas 74HC 14 (invertgjosie Smita trigeri) un 74HCOS (4 x 2UN).Pilna draivera
konstrukcija ir paradita 4. attgla.

4. attels. Gatava IGBT draivera plate

Draivera parbaude
Tagad ir iesp&jams izveidot maketu prieks draivera parbaudes. Maketa blokshéma un
kopgjais izskats ir paradits 5. attela.
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Ka draivera slodzi var izmantot 10-20 nF kondensatorus vai vienkarsi tranzistora aizvarus, kas
tiks izmantoti ka invertora jaudas tranzistori. Dotaja gadijuma — tranzistoru IRFPS37N50A
aizvari. Protams, ka slodzi vajag pieslégt caur ierobezojosajiem rezistoriem (5.1 ).

Draivera, kas izmantoja tranzistoru IRFPS37N50A aizvarus ka slodzi, dazu rezimu izejas
signalu oscilogrammas ir paraditas 6. attela.

6. attéls. Tranzistoru aizvaru pie dazadam frekvencém un PDM Iimeniem signalu
oscilogrammas

Oscilogrammas ir redzams, ka dead-time pauzes ir labi izteiktas, signalu stajas un
frontes uz abiem aizvariem ir pilniba apmierinoSas visa PDM izmainas diapazona un visa
frekvences diapazona. Ja saliekot Sadu pustilta draiveri jums izdodas iegut stipri lidzigas
oscilogrammas varat secinat ka komponentes savienotas pareizi un kvalitativi. Pretgja gadijuma
jamekle bojata komponente un japarbauda celinu kvalitate.

Rezultati un to izveértejums
Veicot IGBT draiveri izveidi, més saskaramies ar dazadam problémam, kuras bija ka
iemesli nepareizi funkciongjosa draivera izveide.
Viena no tam bija mikroshémas bazes izvéle — ir nepiecieSams buvet draiveri uz
mikroshémas IR2109 bazes, kas atlauj draiverim funkcionét pie jebkadiem vadibas impulsu
aizpildijuma koeficientiem.

129



RT 21. starptautiska studentu zinatniski praktiska konference
REZEKNES TEHNOLOGIIU AKADEMIIA Cilvéks. Vide. Tehnologijas

Vel viena probléma ir taja, ka transformatoram ir pareizi janodod vien polarais signals.
Bet prieks ta, lai izvairitos no serdena piesatinajuma, ir nepiecieSams novakt nemainigas
sastavdalas. To ir viegli izdarit ar kondensatora C3 palidzibu pirms transformatora pirma
tinuma.

Lai viena darba diapazona signals neizraditos parak mazs prieks uzticamas tranzistora
atveérSanas, bet cita, pavisam otradi, neparsniegtu tranzistora pielaujamas robezas (parasti 20
V). Tam izmantojam kondensatoru C4 un diodi VDI (skat. 2. attCls). Rezistors R1 ir
nepiecieSams tranzistoru aizvaru izladei laika, kad tiek izslégts impulsu generators. Pretgja
gadijuma uz tranzistora aizvara var palikt potencials un tranzistors palikt atverts.

Sekojosa probléma skar izejas signala kvalitati - ka VDI diodi vislabak ir izvel&ties
Sotki diodi, ar kuru signala nulles limenis ir maksimali tuvu nullei, pret&ja gadijuma signals var
tikt “izkroplots”, ja Sotki diodes vieta izmanto cita tipa diodi, kas var nenodroinat nulles
limeni.

Atrisinot §1s problémas un citas nianses, kuras sikak aprakstitas ieprieks, 1ava samontg&t
funkciongjosu IGBT draiveri, kuru talak izmantojam sava projekta.

Summary

In this paper we dealt with IGBT driver and its creation and application to control
transistors. Firstly, we explored and chose the right components, that could modify incoming
power signals from frequency generator and pulse-density modulator to outgoing signals, that
would meet the requirements for correct control of transistors. Of course, that everything wasn’t
going as planned, because all the components, that were used on IGBT driver, must had been
tested if they work all together theoretically and practically. And exactly after practical tests we
found some flaws in IGBT driver’s work here and there. One of those was that driver must
work base of microchip IR2109, that allows driver to work functionally at any fill factor of
control signal. The following problem is about quality of outgoing signal — as VD1 diode it is
better to choose schottky diode, that allows the zero level of signal to be as close as possible to
zero, otherwise outgoing signal can be deformed and useless for specifically applications. There
were other details, such as distance between the components needs to be as minimal as possible
to avoid power signal losses and disruptions. But if outgoing signal is still not like in picture 6,
you should double check all the components, if they’re all still alive and all the connections,
because if roads, that connects pins of components are thin (like we had), it is very possible,
that some connection is damaged. Solving these main problems and other tiny details, that have
been looked more closely in this paper, IGBT driver must work just fine and could be used in
future creations.
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Abstract. In modern IT world, we are returning to the problem of low storage space. May be
typically users do not see this problem and still there is more data that companies collect and should store.
In this work author analyzed Huffman compression algorithm it’s effectiveness, working principles and
examples of usage.

Keywords: Compression algorithm, Huffman.

levads

Hafmena saspieSanas algoritms pirmo reizi tika aprakstits Deivida Hafmena rakstitaja
publikacija 1952. gada[1]. Hafmena saspiesSanas algoritms (dazreiz saukts par Hafmena kodu)
ir plasi izplatits algoritms, kur§ paredzéts bezzudumu datu saspieSanai. Hafmena saspieSanas
algoritma butiba ir kodet teksta biezak sastopamos simbolus ar mazaku bitu skaitu un retak
sastopamos simbolus ar lielaku bitu skaitu. Hafmena saspieSanas algoritms veic datu saspieSanu
divos etapos, pirmaja etapa tiek veidota simbolu biezumu tabula un generéti prefikss kodi
(prefix codes) katram simbolam no simbolu biezuma tabulas, otraja etapa teksts tiek kodets[2].

Prefikss kodi ir kodi kuri nekalpo ka sakuma dala priek§ citiem kodiem, So kodu
izmantoSana atvieglo dekodéSanu procesu. Tapéc ka, neviens no koda vards nav cita koda varda
prefikss, simbols ar kursu sakas kodgtais fails tiek noteikts viennozimigi. Kaut arT ir pagajis ilgs
laiks, Hafmena saspieSanas algoritms joprojam tiek izmantots, ka pamats vai dala no cietiem
saspieSanas algoritmiem, tas tiek lietots arT1 JPEG algoritma grafisko att€lu saspiesanai.

Hafmena koda piemeérs
Lai attelotu tiek izmantota tabula(sk. 1. tabula), kas satur simbolu, to cik biezi simbols
sastopams teksta rinda un to binaro apzimg&umu.

1. tabula
Hafmena koda pieméra attéloSanas tabula
Simbols a b C d
BieZums 25 45 20 10
Fikseta garuma binarais 000 | 001 | 010 | 100
apziméjums
Mainiga garuma binarais 10 0 110 | 111
apziméjums
(Prefikss kodi)

Sada teksta rinda ar fikséta garuma binaro apzimg&jumu, kur apzim&ums katram
simbolam ir 3 bitus gar§, kopuma aiznems 300 bitus, ja tiktu izmantota standarta ASCII
kodeéSanas tabula, kur katrs simbols tiek apziméts 8 bitus garu binaro apzimgjumu, teksta rinda
kopuma aiznemtu 800 bitus. Tacu ja izmantot mainiga garuma binaros apzim&jumus un pieskirt
1sakus apzim&jumus tiem simboliem, kas sastopami biezak tad teksta rinda aiznems tikai 185
bitus. Tada veida izmantojot mainiga garuma binaros apzim&jumus, nevis ASCII 8 bitu binaros
apzim&jums izdevas ieekonomét 76.9% atminas un 38.3% atminas, ja tiktu izmantoti fikseta
garuma 3 bitus gari binarie apzim&umi. Protams saspieSanas efektivitate samazinasies ja teksta
rinda biis sastopami vairak simboli un ar mazaku biezumu.
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Prefikss kodi

Ka prefikss kodi tiek izskatiti tie binarie apzim&jumi, kas nav prefiksi kadam citam
mainiga garuma binarajam apzim&jumam[3]. Jebkura simbolu koda teksta nokod&sana it loti
vienkarSs process, viss ko vajag izdarit savienot binaro apzim&jumus, pieméram izmantojot
mainiga garuma binaros apzimé&jumus, kas att€loti tabula (sk. 1. tabula) simbolu virkne ,,abcd”
binaraja forma izskatisies $adi: 10 0 110 111. Ka jau tika min&ts galvena prefikss kodu
prieksrociba ir atvieglot dekod&Sanas procesu.

Viens no veidiem ka attelot prefikss kodu pieskirSanu ir binarais koks un ta lapas ir
kodgjamie simboli[4]. Prefikss koda binarais apzimgjums tiek att€lots ka cel§ no binara koka
saknes 11dz lapai kas satur simbolu. Veidojot $adu interpretaciju 0 apzimé ,,pareju pie kreisa
meitas mezgla” un 1 apzimé€ ,,pareju pie laba meitas mezgla”. Zemak redzamaja attela(sk. 1
attéls) ir redzams binarais koks, kas izmanto prefikss kodésanas metodi. Sada binara koka
nolasiSana notiek no saknes elementa parvietojoties lidz binara koka lapam, simbolam binarais
kods tiek sastadits iegauméjot celu lidz binara koka laipai, pieméram, (sk. 1. att€ls)lai no saknes
elementa nonakt lidz binara koka lapai, kas satur simbola ,,a” veértibu no saknes elementa
japariet I1dz ,,labajam meitas mezglam” un §1 pareja apziméta ar 1, talak no §1 elementa ,,japariet
11dz kreisajam meitas elementam” ka apzimét ar 0. Saliekot klat apzim&jumus veidojas simbola
binarais kods 10

Tada veida var apstiprinat ja pienemt ka C ir alfabéts ko kura tiek nemti visi kod€jamie
simboli tad var teikt ka binarais koks kas satur optimalu prefikss kodu satur |C| lapas viena
prieks katra simbola un |C|-1 iek$gjos mezglus[5].

( 100.)
'.‘6 1
T .«
Bla5]| A
(55 )
'0 \1
Al2s| A

= ( 30 /1

1.artels Hatmena binarais koks ar 1. tabulas datiem

Hafmena binara koka izveide
Lai i1zveidot Hafmena binaro koku, pieméram, teksta rindas ,,success”, pirmaja etapa
tiek izveidota simbolu biezumu tabula(sk. 1. tabula) kura, tiek att€loti simboli, kas ir sastopami
teksta rinda un to atkartoSanas biezums.

1. tabula
Simbolu bieZumu tabula
Simbols | Biezums
S 3
u 1
c 2
e 1
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Talak tiek uzsakta Hafmena binara koka izveide, sakuma tiek izveidotas Cetras binara
koka lapas kas nav saistitas sava starpa(sk. 2. attls).

S u:l cis2 e:l

2.attels Hafmena binarais koks izveides pirmais solis

Talak tiek savienotas divas lapas kuram ir zemakais simbolu biezums ar iek$€ja mezgla
palidzibu un mezgla tiek ierakstita simbolu biezumu summa(sk. 3. attels).

3.artéls Hafmena binarais koks izveides otrais solis

Nakamajos solos atkartojas otrais solis, atkal tiek savienotas divas lapas vai lapa un
ieks€jais mezgls, vai ar1 divi iek$gjie mezgli kuriem ir mazakais simbolu biezums ar vel viena
ieks$€ja mezgla palidzibu un taja tiek ierakstita apvienoto elementu simbolu biezumu summa(sk.
4. attels). Darbiba atkartojas kamér netiek apvienoti visas binara koka lapas(sk. 5. attels).

AN
'/,/ \.»\
|—/; k 0// : \ A
/. N
c:2 // 2 \
0 1

S5.attels Hafmena binarais koks izveides pedéjais solis
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Secinajumi
1. Hafmena saspieSanas algoritms ir viens no pirmajiem bez zuduma saspieSanas
algoritmiem, kas joprojam izmantojas miisdienas.
2. Hafmena saspiesanas algoritms ir efektivaks ja ar to saspiez datus kuros simboli
vai elementi(pikseli att€los) biezi atkartojas.
3. Izmantojot prefikss kodus var sasniegt optimalo saspieSanas pakapi.
Summary

Huffman compression algorithm is one of first lossless data compression algorithms and
become one of most popular lossless data compression algorithms. Also lot of data processing
research was based on it. Main idea of algorithm is to assign smallest binary codes to characters
that are more frequent and the least frequent characters get larger binary codes.

To get more optimal compressing and decrypting was easier Huffman algorithm use
prefix codes. Prefix codes means that binary codes are assigned in such way that binary code
assigned to one character is not prefix for other character binary code. Huffman compression
algorithm can perform data compression from 20% up to 90 % of file original size, mostly
compression effectiveness depends form file content.

Literatara
1. Inna Pivkina, Discovery of Huffman Codes Sk. interneta (11.04.2017.)
http://www.maa.org/press/periodicals/convergence/discovery-of-huffman-codes
2. Aashish Barnwal, Greedy Algorithms Sk. internet (31.03.2017.) http://www.geeksforgeeks.org/greedy-
algorithms-set-3-huffman-coding/
3. Huffman Coding — Base of JPEG Image Compression Sk. internet (01.04.2017.) https://www.print-
driver.com/stories/huffman-coding-jpeg
4, Lydia Sinapova, Chapter 9: Huffman Codes Sk. interneta (02.04.2017.)
http://faculty.simpson.edu/lydia.sinapova/www/cmsc250/LN250_Levitin/L19-Huffman.htm
5. Dave Marshall Lossless Compression Algorithms (31.03.2017.)

https://users.cs.cf.ac.uk/Dave.Marshall/Multimedia/node207.html
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BIZNESA PROCESU MODELI DAZADAS MODELESANAS VALODAS
BUSINESS PROCESS MODELS IN DIFFERENT MODELING LANGUAGES

Autori: Andris KeiSs, e-pasts: andro@inbox.lv, Ina Komarova, e-pasts:blinka@inbox.lv
Rézeknes Tehnologiju akadémija, Atbrivosanas aleja 115, Rézekne

Abstract. The business objective is often to increase process speed or reduce cycle time; to
increase quality; or to reduce costs, such as labor, materials, scrap, or capital costs. In practice, a
management decision to invest in business process modeling is often motivated by the need to document
requirements for an information technology project.Change management programs are typically involved
to put any improved business processes into practice. With advances in software design, the vision of BPM
models becoming fully executable (and capable of simulations and round-trip engineering) is coming closer
to reality.

Keywords: business analysts,modeling, business objectives

levads

Atskiriba no klasiskam informacijas sisttmam, biznesa vadibas sist€mu darbibu augsta
méra nosaka to izpilditie procesu modeli. Biznesa procesu modelus var izmantot biznesa
vadibas sist€ému projekteéSana un izstrade, ar secigam modelu transformacijam tos pielagojot
konkrétai izpildes platformai.

Biznesa vadibas sistému funkciju paplasinasanas un nepiecieSamiba izmantot biznesa
procesu modelus programmatiiras izstrade ir izvirzijusas jaunas prasibas gan biznesa modeliem,
gan procesu modeléSanas valodam. Neeksisté viena labaka biznesa procesu modeléSanas
valoda, tap&c dazadus biznesa procesu vadibas aspektus noteiktos izstrades posmos apraksta ar
dazadam model&Sanas valodam.

Pétijuma objekti un metodes

Biznesa procesi geografiski klust arvien sadalitaki. Lai noteiktu kop&jo procesa
efektivitati, svarigi ir noteikt katra atseviSska biznesa procesa sola izmaksas, laiku u.c.
parametrus. Biznesa procesu efektivitates merfjumi ir svarigi uznémuma kopg€jo izmaksu un
investiciju atpelniSanas noteikSana. Ka to parada pétijuma veikta esoSo biznesa vadibas sistemu
analize, procesu mériSanas iesp€ja ir to neiztrikstoSa sastavdala . Daudzas kvalitates un biznesa
procesu parvaldibas metodikas biznesa procesu stipro un vajo puSu noteikSanai izmanto
skaitliskas metodes. Tas atbalsta dazadi riki [1], tomér katrs no tiem piedava tikai "sava klasé
labako" metodi kadam noteiktam biznesa procesa aspektam, nenodroSinot vienlaicigu dazadu
panémienu pielietoSanu. Méru definéSana un to veértibas aprékinasana esoSajas darba plismas
parvaldibas sistémas un imitacijas rikos ir sarezgits uzdevums, kas prasa pamatigas tehniskas
zinasanas.

Lidz ar biznesa procesa jeédzienu ievieSanu tika izstradatas kvantitativas metodes, ka
noteikt biznesa procesu efektivitati, kvalitati izmaksas, u.c. parametrus. Laika gaita ir
izstradatas daudzas loti atSkirigas biznesa procesu mérisanas un kvalitates kontroles metodikas.
Lai gutu visparigu priekSstatu, ir apliikotas daZzas pasaulé izplatitakas. Darbibu izmaksu
(Activity based costing) metodika tika izstradata ASV pagajusa gadsimta 70.tajos — 80.tajos
gados. ST metode ir procesu orientgta. Tas pamatideja ir tada, ka piegadajot kadu produktu vai
pakalpojumu, izmaksas tiek rékinatas, nevis péc gramatvedibas pozicijam (algas, nodokli,
materiali, pamatlidzeklu nolietojums, u.tml.), bet gan katram produkta izstrades vai
pakalpojums sniegSanas solim jeb elementarai darbibai. Iesp&jams analiz€t un optimizet katru
atseviSku biznesa procesa darbibu. Metodika tiek izskirti vairaki darbibas izmaksu veidi,
fiksetas izmaksas un atkarigas izmaksas. Izmaksu atkariba (cost drivers) var biit atkariga no
laika, no aktivitates izpildes biezuma u.c. parametriem. Sis metodes princips, ka katrai
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aktivitatei izmaksam, un to atkaribu no dazadiem parametriem (izmaksas uzdot ka formulu)
nav iespgjams.

CMM (Capability Maturity Model) [2] ieviesa Vets Humprejs (Watts Humphrey) 1986.
gada. Metodes jaunaka versija CMMI (Capability Maturity Model Integration) tika izstradata
2003. gada. Ta ir uz procesu var piemerot izmaksas, ir ieviests daudzos biznesa procesu un
resursu parvaldibas sist€mas, ka arT model&sanas rikos [2].

CMMI ievie$ vairakus parvaldibas Iimenus. Ja organizacija atrodas zemakaja limeni,
taja nepastav nekadas noteiktas parvaldibas metodikas (projektu parvaldiba notiek ekspromta,
balstoties uz darbinieku pieredzi), bet augstakaja limeni ne tikai tick veikti daudzi un dazadi
procesu kvalitates merfjumi, bet, balstoties uz mérjjumu rezultatiem, organizacija pastavigi
uzlabo savus biznesa procesus. Ta ka metodika vairak ir ve€rsta uz organizacijas kop€jas
kvalitates uzlaboSanu, procesu mérjjumi pamata tiek veikti ar statistiskam metodém. Ka
meérijumu piemerus var minét:

. problému/defektu attieciba uz visu sarazoto/piegadato,

. prasibu izmainu attieciba no visam prasibam,

= izmaksas, laiks, resursi viena uzdevuma veikSanai,

. faktiski izteéréto izmaksas/laika/resursu attieciba pret planoto,
. problému/defektu noversanas izmaksas no kopgja,

. izmaksu/resursu/problému/defektu izmainas laika.

Lidzsvaroto mérjjumu (Balanced Scorecard) metodi 1992. gada ieviesa Roberts
Kaplans (Robert S. Kaplan) un Deivids Nortons (David P. Norton). ST metode sakotngji tika
izstradata razojoso uznémumu parvaldibai, bet velak tika pielagota ar1 pakalpojumu sniegSanas
uznémumiem. Bez biznesa procesu parvaldibas §1 metode pievérSas ari citu uzn€mumu
raksturojosu parametru kontrolei. Tas pamatideja ir ta, ka uznémuma vienm&rigai attistibai ir
nepieciesams kontrolét ne tikai finansialos raditajus. Sie raditaji tiek grupéti tadas grupas ka
Finanses, Pasutitajs, Ieks€ji biznesa procesi, Maci$anas un augsana. Katrai grupai tiek noteikti
5-6 kvantitativi izm&rami raditaji. Merfjjumu tiek veikti salidzinot konkréto izorienteto
uzdevumu planotas un faktiskas vertibas. Ka tipiskus §1s metodes merus var minét:

. Finansialie
. Naudas plisma
. Investiciju atgriesanas (ROI)
. Finansialie raditaji
. Pasutitajs
. Piegades datums
. Piegades daudzums
. Ieksgjie biznesa procesi
. Veikto darbibu skaits
. Darbibas izmaksas
. Macisanas un augSana
. Investiciju apjoms
. Darbinieku nestradato dienu skaits

Izmantojot $o metodi, biezi tiek izmantots t.s. kontrolpanelis (dashboard), kas uzlabo
situacijas parskatamibu. Saja kontrolpaneli, ja faktiskie mérfjumu rezultati ieklaujas planotaja
diapazona, to attélo zalu, bet, ja ir novirzes, atkariba no to lieluma, radijumu attélo dzeltenu vai
sarkanu.

66 (Six sigma) metodi izstradaja Motorola 1986. gada [3]. Ta ir statistiska metode, kura
galvena uzmaniba tiek pieversta procesa novirzu noteikSanai, analizei un novirzu
samazinasanai. 66 metodes nosaukums c€lies no statistiskas sakaribas, ka, ja kada meérjjuma
vidgja kvadratiska novirze ir o, tad parskatama merjjumu laika praktiski nav iesp&jams, ka
kadam konkrétam mérijumam novirze varétu parsniegt 6c. Sis metodes balstas uz to, ka:
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. Nepartraukta procesa izejas (piegades pasiititajam) novirzu novérSana ir
galvenais biznesa veiksmes faktors.

. Biznesa procesu un razosanu var mérit, analiz&t, kontrolét un art uzlabot.

. Lai sasniegtu nepartrauktu kvalitates uzlabojumu, nepiecieSams, lai taja iesaistas
visa organizacija, taja skaita ar1 augstaka limena vadiba.

Balstoties uz mérjjumu datiem, 66 metode piedava solus problému risinaSanai,
fokusgjoties galvenokart uz procesa uzlaboSanu un to, ka piegadat pasiititajam to, kas vinam
nepiecieSams. Metode ir implementéta dazados analizes rikos. Nematerialo resursu
parraudzibas (Intangilbe Assets Monitoring) metodi ieviesa Karlis Eriks Sveibijs (Karl Erik
Sveiby) 1987. gada [4]. ST metode tehniski sasaucas ar lidzsvaroto mérfjumu metodi, tomer tas
galvena atSkiriba ir ta, ka taja par galveno veértibu tiek uzskatiti uzneémuma stradajosie cilveki
un to zina$anas. ST metode sakotngji tika piemérota augsto tehnologiju uznémumu parvaldibai,
kuros izpéte un izstrade (R&D) sastada nozimigu uznémuma darbibas dalu. Ta ka misdienas
izpéte, izstrade un darbinieku zinasanas ienem nozimigu lomu arvien plasakas biznesa jomas,
81 metode klust piem&rota arvien plasakam uznémumu lokam.

Saja metodé bez uznémuma materialajiem resursiem nematerialos resursu sadala tris
grupas — ieksgjos, argjos un kompetence. Uzn€muma argjo resursu grupa ieskaita klientus, to
apmierinatibas novertgjumu, klientu stabilitati, apgrozijumu un pelnu uz vienu klientu. Ieks$gjo
resursu grupa apskata tadus raditajus ka investicijas attistiba, vecako un jaunako darbinieku
attiecibu, procesu uzlabojumu un kvalitati. Kompetences grupa apskata tadus raditajus ka
darbinieku kompetences raditajus, kadru mainibu jaunako un vecako darbinieku vidi, jaunako
un vecako darbinieku attiecibu, apgrozijuma un pelnas raditajus uz vienu darbinieku.

Saja metodé uznémuma apgrozijumu un pelnu apskata no vairakiem aspektiem — gan
attieciba uz klientu, gan attieciba uz uznémuma procesiem un darbiniekiem. Tadgjadi iesp&jams
noteikt, kas ir labaka uznémuma pievienota vertiba, un lauj fokuseties uz noteiktu attistibas
virzienu un uzlabojumiem.

Modeli dazadas valodas

Biznesa procesu modeléSanas valodas ir veidotas uz sistému dinamiku aprakstosSu
valodu bazes. Izplatitas ir ieguvuSas $adas valodas — stavoklu diagramma un Petri tikli.

Stavoklu diagramma tika izstradata uz galigo automatu teorijas (Finite State Machine —
FSM) bazes 1960. gados. Taja galiga stavoklu automata parejas tiek aprakstitas ar orientetiem
grafiem. Grafa virsotnes ir automata stavokli, bet Skautnes norada stavoklu parejas automatam
reaggjot uz attiecigiem ieejas simboliem (notikumiem), kas var izraisit arT noteiktas izejas
simbolus (darbibas). Notikumi un darbibas (ja tadas ir) parasti tiek atdalitas ar slipsvitru.
Vienkarsu stavoklu automatu diagrammu ir iesp&jams aprakstit algebriski (ar regularu valodu).
1987. gada Deivids Harels (David Harel) to papildinaja ar jaunam iesp&jam sarezgitu gadijumu
aprakstiSanai, ievieSot papildus pseidostavoklus (pieméram, izvéles un saliktos stavoklus,
paral€lismu) un pareju nosacijumus (guard conditions). Diagramma ar pareju nosacijumiem
vairs nav algebriski aprakstama, bet ta ir funkcionali pilna dinamiskas sist€émas
programmeésanas valoda, kas tika ieviesta viena no pirmajiem grafiskas model€Sanas rikiem
Statemate [5]. Harela diagramma tika izmantota UML aktivitaSu diagrammas darbibas precizai
aprakstiSanai.

Petri tiklus 1962. gada izstradaja Karls Petri (Carl Adam Petri). Petri tikli ar orient&tiem
grafiem apraksta sadalitu sisttmu darbibu, kas apmainas ar datiem. Petri tikli sastav no
virsotném — pozicijas, kur markieri var atrasties, un parejam, kuram "atveroties" (izpildoties
nosacijumam vai notikumam), kuram markieris drikst iziet cauri. Virsotnes tiek savienotas ar
Skautném, kas savieno tikai pozicijas ar parejam un otradi. Parejam "atveroties" markieri maina
savu atrasanas vietu uz nakamo poziciju. Viena Petri tiklu masina vienlaicigi var atrasties
vairaki markieri. Vienkrasainus Petri tiklus (t.i., markieri att€lo tikai vadibas pliismu) ar galigu
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markieru skaitu principa var aprakstit ar sadarbojoSos automatu kopu, tatad var aprakstit ar
regularu valodu. Vairuma gadijumu to nevar izdarit praktiski, jo kopgjais stavoklu skaits picaug
eksponenciali no markieru skaita.

Paplasinatajos Petri tiklos (t.s. krasainie Petri tikli) markieri var but dazadi (tie var
saturét dazada tipa datu laukus). Ar dazadu "krasu" markieriem var modelét dazadu datu
plismu.

Procesu model&Sanas valodas tika izstradatas uz stavokla diagrammas un Petri tiklu
bazes, jo STm valodam ir preciza matematiska semantika, un tas var izmantot citu valodu
semantikas aprakstiSanai. Tomér $o notaciju izmantoSana biznesa procesu aprakstiSanai tiesa
veida ir praktiski neérta. Tapec biznesa modeléSanas valodas tika ieviesti papildus lidzekli, lai
aprakstitu kadas darbibas, kados apstaklos un kada kartiba procesu izpilda dazadi veicgji, ka ar1
informacijas pliismu, ko viens veicgjs var nodot nakamajam.

Tipiska ARIS EPC (Event-driven Process Chain) diagramma [6] sastav no funkcijam
(kastites ar noapalotiem stiiriem, piem., Request service) un notikumiem (sesstiiri), kurus secigi
savieno ar raustitam bultam. Notikums pirms funkcijas (Product needed) izraisa funkcijas
uzsaksanu, bet notikums péc funkcijas tiek radits, kad funkcija ir pabeigta (New order). EPC
funkcijai (Request service), var bt ieejas un izejas dati (Order). Konkrétu funkciju pilda
noteiktas organizatoriskas vienibas parstavis (Sales assistant), un tai var bt nepiecieSami
resursi (Customer).

GRAPES BM biznesa procesu diagramma [7] galvenie elementi ir uzdevumi (kastite
Validate order). Uzdevumu izpildes secibu norada ar $kautném — notikumiem (nenosauktas
bultas) vai zinojumiem (nosaukta bulta New order). Diagramma ir iesp&jams att€lot ari datus
(kastite Order) un zaro$anas nosacijumus (kastite Order correct).

Rezultati

Visas apskatitas biznesu procesu model€Sanas valodas sastav no darbibam (funkcijas,
UOB, uzdevumi), kas ir savienotas ar vadibas Skautném. Diagrammam ir arT kontroles elementi
— izveles, sadaliSanas, apvienoSanas un sapliisanas simboli, kuri var bt vai nebut paraditi ka
atseviSkas virsotnes. Darbibas veic€ju norada darbibas virsotng, vai ar1 darbibas virsotni ievieto
veicgju josla. Darbibu var detaliz€t ar citu diagrammu. Darbibas tiek izpilditas sakot ar 1pasu
sakuma simbolu (vai netiesi sakot ar to, kurai nav ieejosas vadibas virsotnes), iesp&jamas
paral€las darbibas tiek paraditas tiesi ar paraléliem vadibas pliismas zariem.

Secinajumi
Darba izpildes gaita tika sasniegti $adi rezultati:
. Apskatitas biznesa procesu metodikas
. Analizeti biznesa procesu modeli dazas modeléSanas valodas
. Biznesa procesu méri ir tikai definicijas, kas nosaka, ka konkréts biznesa procesa
elements tiks merits
Summary
The process of work were achieved the following results:
. Viewed business process methodology
. Analyzed business process models in some modeling languages
. Business Process measures are only definitions that determine how a specific

business process element will be measured
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Annotation. By operation of security circuits and automatic equipment it is often required to create
time delay between actuating of two or several devices. In case of automation of technological processes there
can also be a need to make operations in a certain temporal sequence. Automated systems of industrial
production rather often use electric drives (adjustable) which consist relays (time elements), they allow
exercising control on the given algorithm. It can be algorithms of serial switching on or implementation of start
of the electric drive in strict sequence including a starting element. The time relay is used in cases when it is
necessary to perform automatically some operation not right after appearance of the managing director of a
signal, and through the set period. For creation of a time delay there are devices called time relays [1].

Keywords: time relays, time delay, analog and digital relays.

Introduction

Design and study of time relays pursues the following all-engineering practical aims
and tasks:

1. To get acquainted with methods and ways of creation of time delay in the relay with
electromagnetic, pneumatic and other delay mechanisms.

2. To study the principle of action of electronic analog and digital timers.

3. To develop the basic electric circuit of an electronic analog timer with the power
output part executed on the electromagnetic relay of a direct current.

4. To make and adjust an electronic analog time relay.

5. To investigate characteristics of the made time relay, to define errors of a task of
endurance of time depending on recurrence of work, change of ambient temperature and other
conditions.

6. To indicate application fields.

7. To offer versions of the design decision on optimization of characteristics of the
studied time relay.

Materials and methods

Time delays are divided into two look according to the method of switch programming:
with analog and digital programming. At the same time each of types has advantages and
intends for more effective use of their functions. For example, the analog time relay is rather
easily programmed, recustomized, it is much more easy-to-work and is cheaper at cost. The
digital relay allows setting the most exact time slot and excludes a possibility of appearance of
a software failure.

Analog relays are constructed on property of a charge or the capacitor discharge through
adjustable resistance belongs to them: the relay of a pneumatic time delay, the relay with
electromagnetic deceleration, the electronic relay.

Digital works by the principle of pulse counting of the stable generator. They can be
executed on transistors, chips, microprocessors, but they don't have charge circuits (or
discharge) the condenser via the variable resistor.

All schemes of electronic relays apply two options of contours (fig. 1). In the first case
the uncharged capacitor C is charged from the power supply with U tension through R
resistance (curve 1 in fig. 1).

http://dx.doi.org/10.17770/het2017.21.3596
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In the second case the capacitor C which is previously charged up to the tension of U is
discharged through R resistance (curve 2 in fig. 1).

Regulation of time delay is usually carried out by change of a constant of time of a
contour of RC. Accuracy of time delay in electronic relays depends on a condition of isolation
of wires connected to the capacitor, stability of resistance, capacity and other elements of the
scheme, and also supplies voltage. In addition, there are used thermal compensation elements:
semiconductor thermistors and posistors.
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Fig. 1. Change of voltage on the time-consuming capacitor C: 1 - with charge, 2 - with
discharge

The electrical schematic diagram of the electronic time relay and its appearance are
shown in Fig. 2.
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Fig. 2. Schematic diagram of electronic time relay and its appearance

The time-setting element of the time relay is the capacitor C1, its capacitance determines
the maximum possible the device pull-in time. Regulation of a time delay is carried out by
means of potentiometers of R1 and R2.

Results

The device works as follows: in the initial status VT1 and VT3 transistors are closed,
VT2 — is open. When clicking the SW1 button, the C1 capacitor is charged to supply voltage,
the VT1 transistor opens. At the same time the VT2 transistor is closed, and VT3 opens (Schmitt
trigger) that leads to switching on of the electromagnetic K1 relay and closing of the controlling
contacts of HZ-H4. The timer activates loading during the period determined by discharge time
of the C1 [2] condenser.

Characteristics of stability of time delay, depending on ambient (20 ° C and 40 ° C), are
shown on fig. 3.
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Fig. 3. Stability characteristics of time delay: Typs — time delay on the relay scale,
Tsc — by electronic stopwatch

In case of statistical measurement of a time delay in case of 20 and 40 degrees almost
match that it is possible to explain with a uniform thermal field in the casing of the instrument.
In cases of dynamic measurement of duration of a delay (cycles in 10 sec.) there is an error
caused by impermanent update of conductivity of the transistor because of course of current,
and also change of resistance of the relay winding.

Summary

The multifunction program time relay has rather extensive scope. The simple diagram
of connection allows applying it to control of lighting in houses, to creation of artificial light,
in particular on poultry farms, to equipment of pumps which are used to water supply, in
lighting and billboards, in the refrigerating, air, and test equipment, etc. Besides, the time relay
is set on irrigating systems and thermofurnaces.

That is why the modernization and improvement of characteristics of the electronic time
relay should be carried out in the following directions:

1. To reduce dependence of a time delay on instability of power voltage, it is necessary
to apply a compensation-type stabilizer in the integral design.

2. To replace the bipolar transistor VT1 on field, with high input resistance (see fig. 2).
As R1 and R2 to use precision potentiometers, and as C1 — the capacitor with a small current
leakage.

3. To make changeover of R8 and R9 resistors for thermal compensation of parameters
of the diagram of the relay (see fig. 2) on semiconductor thermistors.

4. To use exhaust ventilation to reduce heating of parts.

5. To execute the electronic time relay with use of a digital, but not analog element
basis: on chips of tough logic, microcontrollers, programmable logic controllers and so forth.
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Abstract. The aim of the paper is to research and analyse Cambridge Analytica developed
technology opportunities in Europe and Latvia. To reach this goal authors gathered and analysed literature
sources, and statistical data, and drew conclusions. Cambridge Analytica technologies provide both
opportunity for development as well as poses a threat to Europe and Latvia. Based on OCEAN personality
model, Big data and microtargeting opportunities, Cambridge Analytica developed a quantitative data
processing tool that analyses given data and provides personality profile. Statistical data about Internet
usage in Europe in 2015 and 2016 shows that the amount of internet users is constantly growing. The same
applies to Latvia, furthermore the amount of worldwide Internet site usage in Latvia is growing as well,
allowing for more data gathering and less privacy protecting regulations restrictions. Cambridge Analytica
developed technologies enable microtargeting usage in Latvia to provide more efficient and cost-effective
marketing in electronic environment to the economically active population of Latvia.

Keywords: Big Data, Cambridge Analytica, microtargeting, Internet usage in Latvia

levads

Arvien vairak uznémumu sak integrét eso$as administrativas sistémas ar tieSsaistes
aktivitatém, lai palielinatu to efektivitati un uzlabotu pakalpojumu sniegSanu paterétajiem. [1]

Izveloties popularizét uzn€mumu un palielinat ta ienakumus, izmantojot digitalo
reklamu, galvenais izaicinajums ir nevis lieliska satura radiSana, bet gan satura uzlaboSana, lai
zina sasniegtu mérkauditoriju ar 1azerprecizitati. [2]

Joprojam turpina pieaugt pétijumu skaits, kas parada, ka personibas iezimes var
paredz€t uzvedibu, finansu lémumus un prieka Itmeni darba un attiecibas. [3]

Cambridge Analytica attistitas tehnologijas nodroSina gan attistibas iesp&jas, gan ari
rada draudus Eiropai un Latvijai. Jautajuma aktualitate sekmé veicamos p&tijumus.

Darba meérkis — apskatit un izanalizét Cambridge Analytica izveidotas tehnologijas
iesp&jas Eiropa un Latvija.

Darba uzdevumi:

. apskatit un izanaliz€t pieejamo informaciju
o apkopot un izanalizét statistiskos datus.
. izdarit secinajumus par Cambridge Analytica izveidoto tehnologiju iesp&jam.

Materiali un metodes

DePaul Universitates marketinga profesors Bruce Newman tieSo marketingu
(microtargeting), socialos medijus un Big Data sauc par “stratégisko triadi”.[4]

Lai risinatu problému laika posma no 1970. Iidz 1993. gadam, izmantojot visu pieejamo
komercialo informaciju, datu apjoms, ar kadu biitu jastrada, bija aptuveni 1 miljons GB,
savukart, 2014. gada ir pieejami 5 miljoni GB informacijas diena, tacu 25 miljoni GB, kas tiek
ierakstiti un saglabati, musdienu tehnologijas vél nav pietiekosi jaudigas, lai to sp&tu apstradat.
Ta ir Big Data ekosistéma. [5]

http://dx.doi.org/10.17770/het2017.21.3595
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Datu iegtiSana prasa iespaidigus finansu resursus, tadel tos apstradat var atlauties tikai
lielas kompanijas, pieméram, Google, Facebook, Twitter, Apple, Microsoft, Amazon, Alibaba,
Tesla — §Tm kompanijam ir pieejama informacija par lietotaju iepirk$anas veésturi, meklé$anas
vesturi, ka arT informacija, ko lietotaji ievieto pasi. Lietotajiem ir zinams, ka §1 informacija tiek
patur€ta un analizeta, lai padaritu pieredzi ar konkréto vietni €rtaku. Savukart kompanijas —
Palantir Technologies, Strategic Comm Lab, Cambridge Analitica u.c.— vac lielos datus, lai
analizeétu sabiedribu un veiktu masu novérosanu, ko plasi izmanto drosibas iestades. [6]

Lai gan tieSais marketings Microtargeting ir salidzino$i nesena paradiba, pamata
koncepts par personibu ir diezgan vecs. [3] OCEAN (Big Five, lielais piecinieks) modelis ir
viens no visvairak parbauditajiem personibas modeliem, tas ticis pétits dazadas vecuma un
dzimuma grupas, kulttras un valstis, ka ar1 pielietojot dazadas metodes, tadel, daudzi psihologi
to pienem ka pasreiz&jo domingjoso personibas modeli. [7]

OCEAN atsifréjums: atvértiba pieredzei (openness), apzinigums (conscientiousness),
ekstraversija (extroversion), labvéligums (agreeableness) un neirotisms (neuroticism). [3]

Liela dala reklamkompaniju defin€ savus klientus péc demografiskajiem un
geografiskajiem kritérijiem (vecums, rase, dzimums, dzivesvieta). Tadgjadi visas sievietes
sanem vienadu informaciju dzimuma d€l, un visi pensionari vai jaunieSi sanem vienadu
informaciju vecumposma dél. Tam nenoliedzami ir ietekme cilvéka uzskatu veidoSana, tacu
liela nozime ir cilvéka psihografikai — cilvéka personibas izpraSanai, kas nosaka cilvéka
uzvedibu. [5] Atslégvardus, kas nodroSina satura ierakstiSanu, kategoriz€Sanu un paradisanu,
var optimiz€t ta, lai tie sasniedz nepiecieSamo auditoriju, balstoties uz psihometriskajiem
profiliem. [2]

Stenfordas universitates asociétais profesors Michail Kosinski ir psihologs un
zinatnieks, kas padzilinati péta cilvékus balstoties uz atstatajiem digitalajiem pedu
nospiedumiem, kas tiek atstati, izmantojot digitalas platformas un ierices. Kosinski koording
myPersonality projektu, kas apvieno globalu sadarbibu starp vairak ka 200 zinatniekiem, p&tot
detalizétu psiho-demografisko profilu vairak ka 8 miljoniem Facebook lietotaju.

Rezultati un to izvertéjums
Interneta pieredze tiek nepartraukti piemérota katram individam, balstoties uz
algoritmu, kas nosaka lietotaja ieprieks€jo izveli un prognozgjosas vélmes. Tas tiek galvenokart
darits, izveidojot datorlietotaju individualo profilu, balstoties uz pagatnes mekl&jumiem un
apmeklétajam vietném. Michail Kosinski izveidotas atvérta koda programmas
Applymagicsouce.com izmantoto informaciju, lai izveidotu individualo profilu var apskatit 1.
attela. [8]
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Balstoties uz OCEAN modeli, Michal Kosinski attistito tehnologiju un tie$a marketinga
(microtargeting) iesp&jam, Cambridge Analytica izveidoja kvantitativo datu apstrades
instrumentu, kas apskata personibu formejosas iezimes. [9]

Cambridge Analytica apgalvo, ka uznémumam ir pieejami no 3000-5000 datu punkti
par katru ASV iedzivotaju. Viens datu punkts nav ipasi informativs, tacu saliekot tos kopa
paradas informativs parskats par katra cilvéka personibu un cilvéku grupam kopuma. [10]

Datu punkti iedalas:

o demografiskie un geografiskie punkti (vecums, dzimums, tautiska piederiba,
religija, izglitiba, ienakumi, socio-ekonomiskais statuss, geografiskie faktori);

. psihografiskais profils (reklam@Sanas rezonanse, automotivie dati, patérétaju
dati, iepirksanas modelis, pilsoniska iesaistiSanas, mobilo sakaru izvéle);

o personibas raksturojuma dati — OCEAN un parliecinasana (savstarpgja
komunikacija, autoritate, bailes, socialais spiediens) [9]

Ar personibu saistita informacija var tikt iegiita no e-pasta adreses, Facebook profila,
lidz pat vispargjai valodas lietoSanai. [2] Sociali mediji ir vieta, kur lietotaji sevi prezente
pasaulei, atklajot personigas dzives detalas - aprakstot sevi, atjaunojot statusu, ievietojot
fotografijas un intereses. [7]

Pétnieki ir atklajusi, ka personibas dimensijas tiek saistitas ar individualu motivaciju.
[2] Zinot mérkauditorijas personibas tipu, var nians€t reklamas zinu, lai spécigak ietekmétu
konkréto grupu. [9] Salidzinosi jauns Facebook reklaméSanas produkts ir ta saucamais “dark
post” — jaunumu (Newsfeed) zina, ko redz tikai tie lietotdji, uz kuriem tiek mérkets.[10]
Tadgjadi, viena gimené pat par vienu un to pasu produktu var piemérot dazadu reklamu gan
sievai, gan viram, samazinot reklamu izmaksas, un padarot tas efektigakas. [9]

Agrak reklamu generéSana notika saliekot viena istaba genialus cilvékus, kad tie generé
dazadus sauklus. Tagad, analiz&jot informaciju, ir iesp&jams uzzinat to, kas liksies pienemams
patérétajiem, vel pirms sacies ideju generéSanas process. [9]

Lai uzzinatu Cambridge Analytica izveidotas tehnologijas perspektivas Eiropa un
Latvija tika analizéti Eurostat un TNS dati par interneta izmanto$anu.
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2. attels Interneta lietoSana Latvija un citas Eiropas Savienibas valstis. [12; 13]
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Apskatot interneta lietoSanas apjomus Eiropa 2015. un 2016. gada (sk. 2. att€lu),
augstakie rezultati noveérojami Luksemburga un Danija, kas sasniedz attiecigi 98% un 97% no
kopgja iedzivotaju skaita. Latvija ierindojas 8. vieta no att€la redzamajam valstim, 2016. gada
sasniedzot interneta lietotaju skaitu iedzivotaju vida 81%. Tas ir salidzinosi augsts raditajs ES
valstu vidii. Savukart, Bulgarija tikai 62% iedzivotaju izmanto internetu. Eiropas Savienibas 28
valstis kopgjais interneta lietotaju skaits 2015. gada sasniedza 81% un 2016. gada - 84%.
Internetlivestats.com pé&tijuma par interneta lietotajiem 2016. gada pasaulé, Latvija ierindojas
42. vieta péc interneta lietotajiem pret vienu iedzivotaju, un tikai 116. vietd p€c interneta
lietotajiem kopuma. ASV, kur Cambridge Analytica veiksmigi ieviesa radito tehnologiju, $aja
petijuma ierindojas attiecigi 20. un 3. vieta. [14] Tadgjadi var secinat, ka ASV interneta
lietoSanas raditaji ir augstaki, un lietotaji var tikt vieglak ietekméti digitalaja pasaul@.

Interneta vietnu apmekléjums péc vienas dienas vidéjas auditorijas,
iedzivotaji 15-74 gadu vecuma

Gismeteo.lv 94 10,2
E-klase.lv 111 114
Odnoklassniki.ru 12,2 11,2

Apollo.iv 15,2 15,2
SS.v 21,7 19.8
Gmail.com 21,5 22
Tunet (latv. kr.val.) 233 2277
Draugiem.lv 26,7 24
Delfi (latv, kr.val.) 288 333
Facebook.com 28,2 36,2
Youtube.com 33,6 36,4
Inbox (latv. kr.val.) 35,5 39,6
Google.com 55,3 56,6
Vidé&ja dienas auditorija %, Pavasaris 2015 Vidé&ja dienas auditorija %, Pavasaris 2016

3.attéls Interneta vietnu apmekléjums péc vienas dienas vidéjas auditorijas. [15]

P&tijums par interneta vietnu ikdienas apmekl&jumu Latvija, iedzivotaju grupa 15-74
gadu vecumam, parada, ka visapmeklétaka vietne gan 2015., gan 2016. gada ir Google.com,
vidgja dienas auditorija parsniedz 55%, ta ka Google ir viens no uznémumiem, kas apkopo un
analiz€ informaciju par apmekl€tajam vietn€m, var secinat, ka ir pieejami resursi ari par
Latvijas iedzivotaju interneta lietoSanas paradumiem. P&tjjums parada, ka 2016. gada ir
samazinajusies vidéja dienas auditorija vietném odnoklassniki.ru, ss.lv, tvnet.lv, draugiem.lv,
savukart ievérojami palielinajusies ir facebook.com un inbox.lv vidgja dienas auditorija, tapat
nedaudz palielinajusies ar1 vietnu youtube.com, delfi.lv, gmail.com ikdienas auditorija.
Cambridge Analytica izstradata tehnologija apkopo Facebook datus ar papildus pieejamo
informaciju par lietotaju, ta arT apgalvo, ka izmantojot So informaciju ir sp&jusi veiksmigi
ietekm&t ASV un Lielbritanijas iedzivotaju 1émumus dazados nozimigos politiskos jautajumos,
tadgjadi apskatot pieaugumu Facebook.com lietotaju vidi var secinat, ka izvietota informacija
var ietekm@t ar1 Latvijas iedzivotaju dalu, kas ikdiena izmanto Facebook.com.
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4.attéels Regularo interneta lietotaju 1patsvars dazadas merka grupas (%). [15]

Izvertgjot 2015. un 2016. gada pavasara pétijumu par interneta lietotdjiem péc
vecumposma, dzivesvietas, tautibas un nodarbosanas kriterijiem, noverojama situacija, ka 96-
98% iedzivotaju vecuma no 15-29 gadiem izmanto internetu, 90% iedzivotaju vecumposma no
30-39 un 80% iedzivotaju vecumposma no 40-49 izmanto internetu. Izteikti zemaki raditaji
noveérojami vecumposma no 60-74, kas sastada tikai 26-28%, to varétu ietekmét interneta reta
izmantoSana $aja vecuma grupa. Internetu lieto virs 70% Rigas un citu pils€tu iedzivotaji un
virs 60% lauku iedzivotaji. Izvertgjot tautibu kriteriju, internetu lieto aptuveni 70% latvieSu un
citu tautibu iedzivotaji. Izteiktas atSkiribas interneta lietoSana paradas, izvertgjot nodarbosanas
kriteriju — visaktivak, t.i. 95-98%, internetu lieto studenti un skoléni, salidzinosi augsts raditajs,
t.i. Itdz pat 85%, interneta lietoSana ir stradajosajiem, savukart interneta lietoSana nestradajoso
vidl nesasniedz 50%.

Izvertgjot interneta lietoSanas biezumu 2016. gada (sk. 5.attelu) noverojams, ka vismaz
reizi gada internetu izmanto 81% Latvijas iedzivotaju, pe€d&o 3 meéneSu laika internetu
izmantojusi 80%. Internetu katru dienu lieto 68%, kas ir vairak ka puse, savukart 77% internetu
lieto vismaz reizi nedéla. lepriek§ minétie dati parada, ka salidzinosi liela Latvijas iedzivotaju
dala internetu izmanto biezi, tadgjadi ir paklauti globalajam interneta tendenc€m un datu
ievakSanai. Interneta izmantoSanas iesp&jas uznémumiem var noderét apkopojot informaciju
par klientu tiklu, ka ar1 paplasinot savu aktivitati digitalaja pasaulg.
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Interneta izmantosanas biezums
2016.gads, Latvija
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Internetu nelieto Internetu lietojusi Internetu lietojusi  Internetu lieto Internetu lieto
pédéjos 12 pédéjos 3 ménesos vismaz reizi nedéla katru dienu
ménesos

S.attéls Interneta izmantoSanas bieZums Latvija 2016. gada [13]

Lai gan ASV nepastav viens kopgjs datu aizsardzibas likums, datu aizsardziba tiek
atrunata citos speka esoSos reguléjumos. Neskatoties uz to, Cambridge Analytica ir spgjis
veiksmigi implementét izveidoto tehnologiju un apkopot datus par katru ASV iedzivotaju.
Eiropas Savieniba 2016.gada 24.maija stajas speka Datu aizsardzibas regula, ko pieméros sakot
no 2018.gada 25.maija, ta paredz personas datu iegliSanu pastavot stingriem noteikumiem un
likumigam iemeslam, ka arT atbildibu par sanemto datu drosibu un pareizu izmantoSanu.[16]
Iesp&jams $is likums pastiprinati aizsargas Eiropas iedzivotaju personigos datus, tacu nemot
véra Eiropas un Latvijas iedzivotaju plaso arzemju vietnu izmanto$anu, dala personigo datu tiks
iegtita. Latvijas Universitates profesors Janis Barzdin§ RTA konferencé min, ka Sis likums
varétu ierobezot Eiropas uznémumus, kas nebis sp&jigi konkurét pasaules tirgt, kur $adi likumi
nav speka. [6]

Secinajumi

Lai risinatu problémas laika posma no 1970. Iidz 1993. gadam, izmantojot visu
pieejamo komercialo informaciju un datu apjomus, ar kadu butu jastrada, bija aptuveni 1
miljons GB, savukart 2014. gada ir pieejami 5 miljoni GB informacijas diena, tacu 25 miljoni
GB, kas tiek ierakstiti un saglabati, miisdienu tehnologijas vél nav pietiekosi jaudigas, lai to
spétu apstradat.

Balstoties uz OCEAN modeli, Big Data un tieSa marketinga (microtargeting) iesp&jam,
Cambridge Analytica izveidoja kvantitativo datu apstrades instrumentu, kas apskata personibu
formgjosas iezimes. Cambridge Analytica apgalvo, ka uzn@mumam ir pieejami no 3000-5000
datu punkti par katru ASV iedzivotaju. Viens datu punkts nav 1pasi informativs, tacu saliekot
tos kopa paradas informativs parskats par katra cilvéka personibu un sabiedribu kopuma.

Internetlivestats.com pétijuma par interneta lietotajiem 2016. gada pasaulé, Latvija
ierindojas 42. vieta pec interneta lietotajiem pret vienu iedzivotaju, un tikai 116. vieta péc
interneta lietotajiem kopuma. ASV, kur Cambridge Analytica veiksmigi ieviesa radito
tehnologiju, $aja pétijuma ierindojas attiecigi 20. un 3. vieta. [14] Tad&jadi var secinat, ka ASV
interneta lietoSanas raditaji ir augstaki, un cilveki var tikt vieglak ietekméti digitalaja pasaulg.

Apskatot interneta lietoSanas apjomus Eiropa 2015. un 2016. gada, redzams, ka
interneta lietotaju skaits Eiropa pastavigi pieaug. Tadas valstis, ka Lielbritanija, Luksemburga
un Danija tas pat parsniedz 95%. Savukart Latvija interneta lietotaju skaits 2016. gada sasniedz
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84%. Bulgarija un Rumanija interneta lietoSanas apjomi nav tik iespaidigi, sasniedzot vien
nedaudz vairak ka 60%.

Apskatot statistikas datus par informacijas izmantoSanu dazadas vecuma grupas, tika
noskaidrots, ka visvairak interneta lietoSana ir izplatita jaunieSu vidd - vecuma no 15 lidz 29
gadiem (98%,96%)[15], savukart lietotaji, kuri vecaki par 60 gadiem izmanto internetu
ieverojami retak — 26%.

Cambridge Analytica tehnologiju izmantoSana Latvija dotu iesp&ju efektivak un I&tak
pielietot tieSo marketingu komercialajai reklamai elektroniskaja vidé ekonomiski aktivajiem
Latvijas iedzivotajiem.

Sis metodes nepilniba — pickluve interneta lietotajiem informacijas telpa, ar mérki
talakai datu apstradei reklamas noliikos. Saja sakara Eiropas Savieniba 2016.gada 24.maija
stajas speka Datu aizsardzibas regula, ko pieméros sakot no 2018.gada 25.maija, ta paredz
personas datu iegiSanu pastavot stingriem noteikumiem un likumigam iemeslam, ka ari
atbildibu par sanemto datu dro§ibu un pareizu izmantoSanu.[16]

Summary

The amount of enterprises that integrate existing administrative systems online to
increase effectiveness and improve service to consumers is constantly growing. In order to
increase profit through digital advertising, companies face the problem of getting through to
the target audience. DePaul University marketing professor Bruce Newman calls
microtargeting, social media and Big Data - the strategic triad.

Cambridge Analytica has developed a quantitative data processing tool that analyses
information providing individual personality profiles. Using modern technologies individuals
leave enormous amounts of digital footprints that is gathered by different Big Data processing
companies and later sold to third parties like Cambridge Analytica.

Internet experience has been adjusted to every individual based on algorithm of previous
choices, however it would have a greater influence on the audience if adjusted to personality
types. It has been proved that personality affects our decisions. OCEAN personality types have
been researched in different countries, cultures, age groups and with different methods,
therefore many scientists recognize this model as one of the principal. Using the technology
developed by Cambridge Analytica it is possible to determine individual OCEAN (openness,
conscientiousness, extroversion, agreeableness, neuroticism) personality type of the target
audience, thus through microtargeting adjusting commercial message to influence audience
with greater strength.

Lately the news that Cambridge Analytica developed technology has influenced United
States has had a great resonance in the World, the company claims to have 3000-5000 data
points about every US resident, however could this work in Europe and more specifically in
Latvia?

To research this issue authors analysed Internet usage statistical data in Europe and
Latvia. Statistical data shows that in 2015 81% of inhabitants in 28 European used Internet, in
2016 the amount of Internet users was already 84% and it is constantly increasing. Study of
most popular websites visited in Latvia shows Google as the most visited, the next is local e-
mail website inbox.lv and after that YouTube and Facebook. The study also shows an important
growth of Facebook users among Latvia population. More than 90% of population between 15
and 29 years old use Internet, and there are more than 80% of Internet users that are up to 49
years. Most students and scholars use internet and a large part of employed population, however
among unemployed there are less than 50% Internet users.

The statistical data shows that even though U.S. has higher percentage of Internet users,
Latvia is not far behind and Europe is even closer, furthermore increasing part of Latvian
population use global social media sites and other Internet sources, thus providing international
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companies with their digital footprints and additional information about themselves, meanwhile
Latvian Facebook and Google users could become easier targets to microtargeting. Therefore,
Latvia and Europe is also vulnerable to Cambridge Analytica developed technologies, at the
same time this could provide an essential insight in customer background allowing local
enterprises to adjust their product and advertisement to preferred target market.

U.S. does not have a general data protection law, however there are several regulations
in other laws, EU has passed a regulation on data protection law that shall enter into force in
May, 2018. There are different opinions on this topic, while some say it may protect at least
some part of personal data, others argue that it will slow down the progress of local IT
companies which will not be able to compete in global market, because of these restrictions.
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Abstract: In this paper, the concept of a hybrid drive train for light aircrafts is presented. The benefits of the
drive train are discussed by the particular example of the transformation of a well-known Cessna 172 to a
hybrid aircraft.

1. Introduction

Nowadays available powered aircrafts of all sizes use fossil liquid fuels as power source.
Due to rising fuel prices, efficiency issues and environmental awareness especially in matters
of carbon dioxide (CO.) emission and noise new drive train concepts for aviation are an
interesting field of research. On the other hand, innovation in aviation is difficult because of
legal and technical requirements.

Because of these facts the automotive industry started to think about another solution.
Hybrid drive trains use an electric engine in combination with a combustion engine to reduce
the fuel consumption and consequently the CO, emission. The technology advances, in the
electric development, make the electric power more and more attractive for the General
Aviation aircrafts. The limitations about the weight, the electricity storage of batteries and the
efficiency of electric engines were improved. In this work, a hybrid drive train for a general
aviation aircraft is discussed.

2. Hybrid Concept for a Light Aircraft

This concept is based on replacing the combustion engine of an airplane by a hybrid
system consisting of a combustion engine and an electric engine, which has its optimal
effectivity to performance ratio at the performance that is needed permanently for cruising
flight. That means the electric engine is only used for the take-off, climb or in emergency
situations and the combustion engine works the whole time in its optimal performance and
efficiency range. The result of this is a reduction of fuel consumption and CO, emission.

A general issue in aviation is the weight of the airplane. To keep the payload, a new
drive train with a high energy density is needed, which should be at least the same compared to
the conventional engine. The first step is to analyse the energy budget. Fig. 1 and Fig. 2 show
typical flight profiles for pattern circuits and cruising flight, the required power and phases
when support of the electric engine is needed or when electric energy may be recuperated.
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Fig. 1 Typical flight profile for pattern circuit. a) altitude. b) required power. c) electric
power of hybrid system
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Fig. 2 Typical flight profile for cruising flight. a) altitude. b) required power. c¢) electric
power of hybrid system

Peak system power is only necessary for take-off and initial climb. Most time of the
flight the continuous power setting is usually between 65% and 75% of maximum power. When
the plane descents, the battery can be recharged by keeping the combustion engine in a power
setting of best efficiency and by recuperation, because in this phase of flight a very low power
setting or even braking power is required. In this way, an excess of potential energy of the
aircraft not used for a descent glide can be recycled. The potential energy is calculated
by Ep,e = m - g - h, with aircraft mass m, altitude h and gravity constant g. Compared to
automotive hybrid concepts, this is a worthwhile source of energy to recuperate.

Parallel hybrid Setup
In the parallel hybrid concept the electric engine and the combustion engine work on
the same shaft. A battery is used to store energy for the electric engine. Fig. 3 depicts the details
of this configuration. This drive train enables different kinds of travel modes. The first one is
the conventional drive mode with the combustion engine as power source. In the second mode,
the “boost” mode, the combustion engine and the electric engine work together for peak system
power. The third mode applies when the required power of the aircraft is lower than the power
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of the combustion engine or even negative in steep descents. In this mode, the battery is
recharged by using the electric engine as a generator. For comparison, in the automotive
industry the battery is charged during the braking process using the kinetic energy. The Kinetic

energy is calculated by Eg;, = % -m - v%, with the car mass m and the speed v. For example,

a car with mass of m = 1500 kg, and a speed of v = 27,78 % stores a kinetic energy of Ex;, =

0,16 kWh. Compared to this, an aircraft with the same mass and an altitude of h = 600 m has
a potential energy of Ep,; = 2,45 kW h, which is obviously much more worth to recuperate.

Combustion ] Electronic
Engine Motor

Battery

Fig. 3 Schema of parallel hybrid setup. Mechanical drive (blue) and electrical flow (red).

3. Example

This concept is based on the airplane Cessna F172M [1] with the intention to reduce
fuel consumption while keeping the flight performance.

Replacement of combustion engine

The original combustion engine (Lycoming O-320-E2D [2]) will be replaced by a
combustion engine with 100 hp (Rotax 914 F [3]) for continuous power combined with an
electric engine with additional 50 hp for peak system power as required for take-off, climb and
in emergency situations. Tab. 1 shows differences in technical data of both combustion engine
types, especially performance and weight.

By replacing the combustion engine, the weight decreases by 46 kg (= 122 kg — 76 kQ).
This yields a fuel consumption difference at continuous performance power setting of 13.3 I/h
(=33.31/h—20I/h).

Table 1
Comparison of original (Lycoming) and replacement (Rotax) combustion engine

Engine Lycoming O-320-E2D | Rotax 914 F
Rated performance 110.3 KW (150 hp) 84.5 kW (115 hp)
Rated speed 2700 rpm 2387 rpm
Continues performance | 71,3 kW (97 hp) 66,9 kKW (91 hp)
Continues speed 2350 rpm 2058 rpm

Fuel consumption 33.31/h 20 I/h

Weight 122 kg 76 kg

For Lycoming, weight includes carburettor, magnetos, spark plugs, ignition harness,
inter cylinder baffles, tachometer drive, starter and alternator. For Rotax, weight includes
propeller with speed reduction unit, exhaust system, engine suspension frame, overload clutch,
external alternator, air guide hood

As Tab. 1 shows, the performance of the Rotax engine is sufficient for the cruising
flight, which is approx. 75% of maximum power of the Lycoming engine (84.5 kW vs. 110.3
kW), lacking a peak power performance difference of 25.8 kW (110.3 kW — 84.5 kW).

Electric engine

To fulfil this peak power performance gap, the hybrid drive train is completed by an
electric engine, which delivers the power difference between the Rotax and the Lycoming
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engine. The comparison above shows that the rated performance difference is approximately
25.8 kW.

The propeller should not be changed by this concept, so it is necessary to calculate the
torque difference of both combustion engines to define the electric engine:
P 1103-10°W - 60

= = 390.1
m™n 21 - 2700rpm 390.1 Nm

MLycoming = >

P 845 103W - 60

M = = = 338N
Rotax ™ 2m.n~ 2m-2387rpm m

Muitference = MLycoming = MRotax =52.1 Nm
As a result, the electric engine needs a torque about approximately 52 Nm and a
performance about 26 kW.

Electric engine: Nova 30/50/4 P50

In this work, the electric engine Nova 30/50/4 P50 was chosen, which is shown in fig.
4 left. This engine is produced by the company Plettenberg Elektromotoren GmbH & Co. KG.
Its maximum performance is approximately 25.7 kW with a torque about 62.25 Nm by an
electric input of 140 Volt and 220 Ampere. Fig. 4 right shows that at a current of 185A the
electric engine has approximately a torque of about 52 Nm, a performance about 22.3 kW, a
rotational by about 4102 rpm and works with an efficiency of nearly 86.53 %. In tab. 2, the key
performance data for a power setting of 52 Nm at 22.3 kW is summarized. The electric Power

Per and the required Voltage U are calculated as

P,=5=22_92577kwandU =2 =Y

= = =139.3V.
n 0.8653 I 1854

Figure 4 a) electric engine. b) datasheet. [4].

Table. 2
Summary of the reference values of the electric engine at 52 Nm.

Nova 30/50/4 P50 at 52 Nm
Voltage U 139.3V
Current | 185A
Performance P 22.3kW
Efficiency n 86.53 %
Electric power Per | 25.77kKW
Rotation n 4120 rpm
Weight m 6.5 kg
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Battery dimensioning
As described above, the electric engine needs a voltage of 140 V and a continuous
current of 185 A. The electric engine needs the power from the battery in special situations for
example take-off, climb or emergency situations. The Cessna F172 M has a rate of climb of
approximately 500ft/min. With the following equation it is possible to determine a rough guess
for the time that the plane needs to climb to the desired altitude:

Altitude
Rate of climb

Time =

For the calculation of the battery size respectively the capacity, the required time for the
three situations within one flight and a safety factor are taken

C:(TT0+TC+TE)'XS.I

with the capacity C, the take-off time Tro, the climb time Tc, the estimated emergency
situation time Te, the safety factor xs and the electric current I.

For the following calculation the reserve for the emergency situation is set to Te=10
min. The safety factor is for the battery that there is every time enough capacity because the
senescence or another failure. The safety factor amounts 20 %.

C = (0.008h + 0.075h + 0.166h ) - 1.2 - 1854 = 55.278Ah

As a result, the drive train needs a rechargeable battery with a minimum capacity about
55 Ah, a current of 185 A and a voltage of 140 V. For the electrical storage in this hybrid drive
trains the best battery type is the lithium-ion technology [5].

Battery: VLE 11-84

In fact of the previous calculation, the battery cell VLE 11-84 [6] was chosen. This accumulator
is produced by the Saft Batterien GmbH. This battery has a higher capacity than the drive train
needs and a higher continuous current. With this battery a better performance is achieved and
a better torque is reached than calculated at the beginning. The datasheet shows that the electric
engine has at a current of about 200 A, a performance of 23.7 kW and a torque with 56.3 Nm.
When the drive train uses the battery with the Nova engine at 185 A, then it has enough capacity
for 27.24 minutes.

= 185 A = 0.454 h=27.24 min

C 84 Ah
I

The electric engine needs a voltage of 140 Volt. In a series connection, the voltages of cells are
added.

Uges 140V

=12.96
Uew 108V

number of cells =

As aresult, 13 cells of the VLE 11-84 are needed connected in series to achieve a voltage
of 140.4 Volt. The mass of 13 cells is 104 kg.

Power electronics

The drive train needs power electronics which can deal with the rated and maximum
power from the battery and the electric engine. The “Motorsteuerung MST-140-200 V3" [7]
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with a weight of 2 kg is a good choice, because this power control unit is adapted for the Nova
30/50/4 P50 and is also produced by Plettenberg Elektromotoren GmbH & Co. KG.

Weight calculations
To benchmark the hybrid concept, the weight of the new configuration is compared
with the weight of the old configuration:

Table. 3
Comparison of the new and old configuration

component old configuration | new configuration
combustion engine | 122 kg 76 kg

electric engine 7 kg

battery 104 kg

power electronic 2 kg

empty weight 620 kg 686 kg

Aweight 66 kg

The payload is calculated as mp; = mpo — mg = 1043 kg — 686 kg = 357 kg, with
the maximal take-off weight mro, an empty weight me and the payload mp.. Fig. 5 shows the
fuel load and the flight time as in function of the payload.

4. Conclusion and Outlook
With today’s development, it is possible to design a hybrid drive train in a general
aviation aircraft. Although that on the one hand the new configuration has a higher weight and
a negligible lesser performance, there are much more benefits on the other side.
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Fig. 5 Payload function

Figure 5 shows that the new drive train can hypothetical fly over 7.2 hours in
comparison to the old one with a flight time of 4.2 hours [9]. Another benefit is that the new
combustion engine is turbocharged. That means that the performance is independent from the
altitude respectively the air density. The electric engine performance is also independent from
the air density. As a result of this, there is a much better performance in low air density areas
than with the old drive train.

With this new drive train it is also possible to design a new front of the airplane because
the new smaller engine and in fact of the water cooling system of the Rotax engine, it doesn’t
need large air intakes in the chassis. A comparison between the front of the Cessna and the front
of a Katana [8], which contains the Rotax engine, shows the aerodynamic benefits of the design.
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In this paper the electric energy storage is a lithium-ion battery. Future work may deal
with other solutions, for example a fuel cell [10] or ionic liquid [11].

With the advance in the electronic development, the density of batteries and the energy
density of electric engines will get better and better. That means that there will be more
opportunities available with the hybrid drive train in the general aviation. The example was a
small aircraft. But today and in the future with the development of the electronic, the hybrid
drive train may be more and more attractive for the commercial airlines [12].
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LIETOTAJU AUTENTIFIKACIJAS DROSIBA
USER AUTHENTICATION SECURITY
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Abstract. Nowadays, the rapid development of technology and increased amount of data that must be
processed and stored. All stakeholders are interested in security level of their system. To improve security,
specific process was created, which will help identify the user, and only then give him access.

As a result, developed process — authentication, it’s purpose of this is to improve user identification
process, and to let him go further. In the end, as a result, this process either allows the user to work with the
system, or rejects it because incorrect data was received by system.

Often, the authentication process is based on some secret element that both the system and the user
himself knows about. As an example it can be system’s provided login and password, some readable element,
or even fingerprints.

Keywords: Authentication, identification, identity, security, user.

levads

Masdienas strauji attistoties tehnologijam un pieaugot apstradajamo datu apjomiem.
Biezi vien visas ieinteres€tas puses nopietni izverté izmantojamas sist€mas un to saistitus
drosibas pasakumus. Tap&c arT tika izstradats specials process, lai varétu identificet lietotaju un
tikai pec tam laut tam stradat ar sist€mas datiem.

Risinajums ir izstradats process — autentifikacija, kas ir virzits uz lietotaju identitates
parbaudi kada no sisttmam. Rezultata tiek noteikts, vai lietotdjs atbilst ta uzraditajiem
identifikatoriem.

Autentifikacijas process parasti balstas uz kada slepena elementa pamata, ar kuru ir
iepazits gan lietotajs, gan pati sist€ma. Par pieméru sekojoSiem elementiem var kalpot:
lietotdjam izsniegtd parole vai identifikacijas numurs, nolasams elements, vai pat pasas
personas pirkstu nospiedumi.

Pétijuma objekti un metodes
Autentifikacijas faktori

No véstures zinams ka pat pirms datorsistému plasas izmantoSanas, jau tika izmantotas
visvisadas metodes, lai spetu noteikt kadas personas atskirigas 1paSibas, un balstoties uz dotas
informacijas tiks veiktas turpmakas darbibas. Tagad galvenokart izdala 3 autentifikacijas
faktorus:

o Kaut kas, ko més zinam — parole. Ir slepena informacija ko jazina tikai
autorizetai personai. Parolu sist€ému ievieSana ir 1€ta, un vienkarsa, bet ta ir izplatitaka ko cenSas
uzlauzt laundari.

o Kaut kas, kas mums pieder — ickarta. Piemérs: bankas karte, smart-karte,
laundarim tadu iekartu iegiit ir griitak neka ievadamo paroli, jo subjekts uzreiz var zinot par
zagSanu vai kada cita veida problemam. Metode ir droSaka, bet izmaksas tas ievieSanai ir
lielakas salidzinajuma ar parolu mehanismu.

° Kaut kas, kas ir subjekta elements — biometrika. Perspektiva sistéma, ar lielisku
precizitati, bet tomer ar triilkumiem, un lielu ievieSanas cenu. [1]

Autentifikacijas Iidzekli
Izvertejot esosas sist€mas droSibas limeni, var izmantot dazada tipa autentifikacijas
pieejas, sakot ar parastam atslégas frazém vai parolém lidz vairaku etapu risinajumiem. [2]

http://dx.doi.org/10.17770/het2017.21.3555
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Autentifikacija izmantojot elektronisko parakstu

Elektroniskais paraksts jeb e-paraksts ir elektroniski dati, kas viennozimigi apliecina
elektroniska dokumenta (parakstama dokumenta) autentiskumu, apstiprina parakstitaja
identitati. BieZi vien atrodas papildus failos, kas tiek sanemt kopa ar parakstamo dokumentu.

Autentifikacija péc parolem

Par paroli saprot kadu slepenu vardu, vardu salikumu vai simbolu virkni, kura glaba
pieeju kadai nozimigai informacijai, pieméram, bankas kontam, e-pastam, telefona SIM kartei
un/vai telefonam, seifam, kapnu telpas durvim, operétajsistemu piekluvei, utt. Pie tam paroles
var iedalit sekojosi:

o Atkartoti lietojamas paroles

o Vienreizgjas paroles

Username: | Username
e00®®® |

ord:
Pa ad - Remember P“S’_w_of-

gr/'-""‘":f:::.tt:-:- = Ea_nCEl
s [ 1oagin

Latéls 1dentifikatora un paroles ievada forma

Atkartoti lietojamas paroles — viens no autentifikacijas veidiem sisteéma, kur lietotajs
papildus savam identifikatoram (login) ievada ar1 paroli (password) - slepenu simbolu rindu.
Pie tam pareiza doto datu kombinacija jau ir zinama sisteémai, un tiek glabata datubazg. [3]

Vienkarsu autentifikacijas procesu izmantojot paroles var aprakstit sekojosi:

1. Tiek veikts sisteémas pieejas pieprasijums, un ievadits identifikators ar paroli;

2. Ievaddati tiek nosiititi serverim, kur notiek salidzinasana ar pareizo
kombinaciju;

3. Japarbaude ir veiksmiga, autentifikacijas procesu uzskata par veiksmigu, pretgja

gadijuma — subjektam tiek piedavats atkartoti veikt datu ievadi.

Parole var biit nodota serverim divos veidos:

o Nesifréta, atklata veida (Password Authentication Protocol, PAP)

o Izmantojot SifréSanas protokolus (SSL, TLS), tada gadijuma ievaddati tiek
transforméti un droS$i nosiititi 11dz autentifikacijas serverim.

Savukart runajot par droSibu, droSakais variants ir tad, ja lietotaja parole tiek glabata
servera pusé jau parveidota veida. Biezi vien tadam situacijam izmanto kriptografijas
jaucgjfunkcijas (hash), tatad lietotajs ievada savu paroli, serveris to sanem, parveido, un tikai
tad salidzina to. Rezultata ja uzbrucgjs pat piekliis datubazes datiem, no parveidotas paroles
izmantojot jauc€jfunkciju ir gandriz neiesp&jami iegit lietotaja ievadamo paroles kombinaciju.

Atkartoti lietojamas parolu lietoSana arT ir savi trikumi. Pirmkart biezi vien paroles
datubazes glabajas atklata veida, vai ar minimalam transformacijam. Piekliistot uzbrucgjam
Sadai informacijai, par&jos konfidencialos datus iegiit nesagadas problémas. Otrkart subjektam,
vienmer ir jaatceras vai japieraksta sava parole. Laundaris doto informaciju var iegiit pielietojot
socialo inZenieriju - cilvéka psihologiska manipulésana, lai panaktu noteiktu darbibu veikSanu
vai konfidencialas informacijas izpausanu. Papildus problémas ar var rasties sistémas tad ja
lietotajam ir dota izvéle ievadit paSam savu paroli. Tados gadijumos bieZi vien par paroli klist
kads vards vai vienkarsa ciparu, burtu kombinacija. Tas lauj laundarim pielietojot brute-force
kriptografijas pieeju, méginat atlasit paroli, vienkarsi ievadot daznedazadas kombinacijas.
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Izmantojot automatiz&tus rikus un jaudigas datorsist€émas iesp&jams salidzinosi atri identificét
pareizo simbolu rindu. Piem&ram, ja parole sastav no 46 simboliem (burti un cipari), un tas
garums ir 6 simboli, ta satur€s 2176782336 iesp&jamos variantus un 1stas kombinacijas
noteikSanai ar 25 gadu veco procesoru (Pentium 100) biis nepiecieSamas tikai 6 stundas. Zinot
cik strauji procesori attistas, miisdienas noteikti var teikt ka paroles atlase notiks vel atrak. [1]

Risinajumi tadam problémam ir sekojosi:

. Automatiski generéto parolu izmantoSana

. Parolu deriguma terminu ierobeZoSana (vélak paroli biis obligati jamaina)

Vienreizgjas paroles (OTP — One Time Password) — ir atkartoto parolu risinajums, kas
nelauj uzbrucgjam ieglstot paroli, pastavigi to izmantot darba ar sist€mu vai tas datiem.
Galvena atSkiriba ir taja ka katra parole ir deriga tikai vienai lietotaja autentifikacijai.
Vienreiz€jo parolu mehanisms var biit realiz€ts gan aparatiiras, gan programatiras ltmeni. [4]

Izmantojamas tehnologijas tadam risinajuma var iedalit sekojosi:

o Vienotu pseidogadijuma skaitlu generacija, gan subjektam, gan sistémai

o Laikspiedolu izmantosana — ir zinami laika periodi kad generétie skaitli tiks
atjaunoti.

o Vienotas gadijuma parolu bazes izmantoSana

Pirmaja metodg, tick generétas simbolu rindas lietotajam un sist€émai, pie tam katra
nakosa pieprasijuma tiek veikta atkartota generéSana.

Otraja metode — sisteéma un lietotaja iekarta glabajas slepena atsléga, ieieSanai sisteéma
lictotajam tiek pieprasits PIN kods, un generétais skaitlis dotaja momenta, tad sist€éma apvieno
PIN kodu un slepeno atslégu, péc ka generé gadijuma skaitli balstoties uz slepenas atslégas
parametriem un dota momenta laiku. Rezultata tiek parbaudits dota momenta generétais skaitlis
ko ievadija lietotajs, un ko nogenergja sisteéma.

Tresais piemers balstas uz sinhronizacijas un vienotas datubazes ar parolém, kuras tiek
izmantotas sist€mas piekluvei, kur katra parole ir vienreizgja. Pateicoties tam ja uzbrucgjs
iegiist lietotaja izmantoto paroli, ta jau nebiis deriga turpmakam darbibam.

2.attéls. Vienreizéjo parolu generésanas iekartas piemers.

Autentifikacija izmantojot SMS

Misdienas atri attistoties mobilajiem talruniem un to apjomiem cilvéku vidd, tika
izstradata jauna metode, kas lauj izmantot savu telefonu ka papildus iekartu veiksmigai
autentifikacijai.

Procediira ir sekojosa:

1. Lietotajvarda un paroles ievads

2. Lietotajs sanem vienreiz€ju autentifikacijas atslegu SMS zinojuma

3. Sanemta atsléga tiek ievadita sistéma

Dotas metodes priekSrociba ir tada ka atsléga tiek sanemta izmantojot citus sakaru
kanalus, nevis to caur kuru notiek autentifikacijas process. Tas praktiski nover§ draudus kurus
deve par “cilvéks vidi” — kas nozimé to ka veidot kadu darbibu, pastav informacijas nodosanas
starpposmi, kuros ir iesp€jama datu nopliide. Tada metode biezi vien tiek izmantota banku
sistemas.
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Biometriska autentifikacija
Biometriska autentifikacija, balstas uz cilvéka biometrisko parametru mériSanu, un
nodroSina gandriz simtprocentigu identifikaciju, papildus risinot problémas, kas var rasties
pazaudgjot paroles vai kadus citus identifikatorus.
Izplatitakie biometriskie risinajumi:

. Pirkstu nospiedumu atpaziSana

. Rokas geometrijas parbaude, der gadijumos, kad ir pirkstu traumas kad nav
iesp&jams izveidot korektu pirkstu nospiedumu.

o Varaviksnenes sken&Sanas iekartas, uz doto momentu viens no precizakajiem
risinajumiem

o Termisks sejas téls, uz doto momentu loti atkarigs no apkartgja apgaismojuma,
kas biitiski ietekmé precizitati.

o Sejas formas identifikacija, ir salidzinoSi preciza sist€éma, bet biezi vien pat
izmantojot personas fotografiju iesp&jams iegiit pozitivu autentifikacijas rezultatu.

o Balss atpazisana — nodroSina attalinatu piekluvi, bet ierobezo lietotaju ar sakaru
kvalitati, un nav deriga ja persona ir saslimusi utt.

o Klaviatiiras ievada risinajums, analize cik atri tiek veikts datu ievads.

o Rokraksta parasta parbaude izmantojot digitalaizeru.

Neskatoties uz doto risinajumu plasu pielietoSanu, tam ir savi trukumi:

o Parbaudes Sabloni noveco, nepiecieSama pastaviga atjaunosana

o Sablonu bazes datus uzbrucgji var izmainit

o Personas datus iesp&jams viltot (fotografija, maska, ...)

. Ja personas dati bija nozagti (kompromitéti), tos nav iesp&jams mainit 1S0s
terminos

o Biometriska informacija ir unikala, bet ir griti atstat pilniga slepeniba

Autentifikacija, izmantojot geografisko atrasanas vietu

Dotaja grupa iesp€jams izdalit sekojosSus punktus:

o Autentifikacija izmantojot globalas pozicioné$anas iekartu (GPS - Global
Positioning System) — process tiek uzskatits par veiksmigu, ja subjekts autentificjas no
konkréta zemeslodes regiona. GPS aparatiira ir vienkar$a un drosa, un salidzinosi I&ta. Tas lauj
izmantot tadu risinajumu kad ir nepiecieSams nodroSinat attalinatu piekluvi no vajadzigas
vietas.

o Autentifikacija, kas balstas uz vietas no kuras notiek piekluve internetam.
Galvenokart balstas uz serveru atraSanas vietas, vai bezvadu tikla piekluves punkta (AP —access
point), no kurienes arl notiek pieslégums internetam. Bet tada metode nav ta drosaka, jo
misdienas ir salidzino$i viegli mainit savu atrasanas vietu izmantojot ta saucamos proksi
(proxy) serverus, vai sist€mas ar anonimu piekluvi (Tor - anonymity network).

Daudzfaktoru autentifikacija
Pedeja laika klust populara pieeja kad veiksmigai lietotaja autentifikacijai ir
nepiecieSami vairaku nosacijumu izpilde. Biezi vien tiek vienkarsi kombinéti ieprieks aprakstiti
risindjumi. Izveloties priek§ sisttmas vienu vai otru faktoru, pirmkart ir nepiecieSams
noskaidrot kadu aizsardzibas Iimeni ir jasasniedz, kadi ir pieejami resursi, un ka notiks subjektu
mijiedarbiba ar to. [4]
Zemak tabula ir att€lota salidzinasanas tabula:
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1.tabula
Autentifikacijas risinajumi dazada droSibas limena sistémam

Riska L Autentifikacijas Pielietojuma
. Prasibas pret sistemu .
Itmenis tehnologija piemeri
NepiecieSams nodrosinat Minimalas Registracija

Zems agtentiﬁkﬁf:ijq sistémas o p‘rasT‘bas_- atkartoti | interneta portala
piekluSanai, pie tam datu nopliidei, | lietojamas paroles
nebis biitiskas ietekmes.
NepiecieSams nodro§inat Rekomendgjams Persona veic naudas
autentifikaciju sisteémas izmantot operacijas bankas

. .. | pieklusanai, pie tam sist€mas vienreizgjas majaslapa

Vidgjs 9 -
uzlausana un konfidencialo datu paroles
izpausana radis nelielus
zaud&umus.
Janodrosina autentifikacija Ka minimums ir Lielu starpbanku
sistémas izmantoSanai. Papildus janodrosina operacijas vai

Augsts | tam datu nopludinasana radis daudzfaktoru transakcijas
nopietnus zaudgjumus. autentifikaciju. izmantojot vadoso

ierici

Visas ieprieks§ aprakstitas metodes ir pielietojamas sekojoSiem servisiem:

1) E-pasts, socialie tikli, maksajuma sistemas, maksajumi interneta, interneta veikali,
forumi, u.c. [5]

Izplatitakie autentifikacijas jeb personas identitates apliecinaSanas veidi Latvija ir:

o lestazu uzturétas autentifikacijas sist€mas

o Internetbanku autentifikacija lietotajvards, parole, kodu no kodu kartes

o Mobilais ID - jaievada mobila talruna numurs, drosibas kods, specials PIN kods

o e-Me viedkartes e-paraksts - Izmanto e-paraksta viedkarteé ieklauto
autentifikacijas sertifikatu.

o elD kartes - kuras ir ieklauts e-paraksts. [6]

Rezultati un to izvertéjums
Apskatot izplatitakos risinajumus noskaidrojam ka uz doto momentu ir pietiekosi daudz
variantu, kas sp&j nodroSinat autentifikacijas parbaudi. Papildus tam kad ir zinamas katras
sistémas “Sauras” vietas, var méginat apvienot dazadu tipu metodes. Tas rezultata palielinas
kopg€jo drosibu, un mazinas iesp&jamas nepilnibas kurus uzbrucgji var izmantot, lai pieklttu
lietotaju datiem.

Secinajumi

Attistoties datoru tehnologijam un programmatiirai, rodas gadijumi, kad ir vérts izveidot
datu aizsardzibas sistému, kas blis gan &rta, gan pietiekoSi droSa. Viens no svarigakajiem
posmiem droSai lietotaju identifikacijai ir autentifikacija.

Masdienas, noteikti katrai datu apstrades sist€mai, bis iesp&jams piemeklet optimalu
variantu, kas nodrosinas papildus drosibas etapus ievieSot autentifikaciju. Un tomer, katram no
apskatitajam sistémam ir savas nepilnibas, kas rada potencialo risku ka sistéma tiks laundari.
Galvenais ir arT tas ka, pirms izdarit izveli vienmer ir jaizverte nepiecieSamais droSibas limenis,
un vai to biis iesp€jams sasniegt ar konkrétiem risinajumiem.
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Papildus tam nav jaaizmirst par to ka, vairakums problému rodas vienkarSas cilvéku
neuzmanibas deél, pieméram nozaudg&jot kodu karti, vai glabajot paroli vienuviet ar
lietotajvardu. Ja cita persona doto informaciju ir redz€jusi un piefiks€jusi, tas neradis griitibas
izmantojot tos pieklit sist€mai, pie nosacljuma ja tie tiek izmantoti parasta autentifikacijas
sist€éma ar atkartoti lietojamam parol€s bez citiem papildus parbaudes elementiem.

Viens no izplatitakajiem un drosakajiem risinagjumiem musdienas, ir izmantot sarezgitu
kombinaciju garas paroles, kuras tiek atjaunotas péc kada laika, kopa ar vienreizgjo atslégu
generéSanu, ko lietotajs sanem SMS veida. Iepriek$ aprakstitu uzdevumu sp&j nodroSinat
divpakapju autentifikacija.

Summary

With the development of computer technologies and software, there are situations when
it is necessary to create a data protection system that is both convenient and sufficiently safe.
One of the most important steps for the safe identification of users is authentication.

Currently, for each system that works with data, it is possible to choose the best option
that will provide additional security measures by implementing authentication. And yet, each
of the solutions discussed has its own drawbacks, creating the potential risk that the data in the
system can be obtained using the disadvantages of a particular authentication solution. The key
is the fact that, before making a choice, it is always necessary to assess the level of security,
and whether this can be achieved through specific solutions.

In addition, we should not forget that most of the problems arise from simple human
negligence, for example, the loss of a code card or the storage of passwords in one place with
a username. If someone has seen this information, it will not cause any difficulties in using
them to access the system, if the authentication system is simple enough and works with
reusable passwords and without any other additional security elements.

One of the most common and safe solutions at the moment is the use of a complex
combination of long passwords that are recovered after some time, along with the generation
of a one-time key, the user receives in the form of SMS. Two-step authentication will be the
best solution of such a system.
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Annotation. This article is devoted to the automation of various entertainment processes. Nowadays
this topic is the most relevant because entertainment industry is in high demand but automation in this field
isn’t spread widely. The solution of the problem is shown on the example of creating of automation system of
the separate escape room using soft and hardware application Arduino. The advantage of automation processes
allows not to hire a worker who watches all processes in the room and control them manually that allowing to
refer a game as honest as possible. In addition on Arduino base different new ideas may be realized, which are
important factors of the success of people working in this field.

Keywords: automation processes, escape room, microcontroller Arduino.

Introduction

Entertainment is one of the most important spheres of a human's daily life, which
influence on the state of society, because the need to relax is one of the main needs of human.
The world entertainment industry produces billions of dollars and it is an important part of the
economy of most countries. Range of entertainment of modern people is wide and varied and
is “a mirror” of modern culture and technical progress. In spite of this the directions of the
industry where automation is used, aren’t very diverse. Automation is one of the direction of
scientific and technical progress where self-regulating technical means are used. There are
many examples in the field of entertainment such as: laser combat, cuzar, and different slot
machines. Besides there is a whole direction of the escape rooms. It is an intellectual game with
a certain plot, where player are locked in the special room and they are to get out it in the time
that is available to them finding special things and solving puzzles. As a rule, people lose
interest in the same rooms that’s why they find new room with new tasks. Introduction of
microprocessor- based devices allows to change the task very fast and easily what caused a
desire to visit the escape room again.

Materials and methods

The authors of this article had to automate several separate stages of the escape room.
To implement similar tasks it is convenient to use microcontrollers with the ability to connect
a large number of sensors and other peripherals, so the authors of the article use Arduino Nano
as the processor board. This compact processor board has 14 digital outputs, six of which are
pulse-width modulation outputs, and eight analog inputs. The flash memory of the ATmega328
microcontroller on which the platform is built is 32 KB, while 2 KB are used for the bootloader,
2 KB for RAM, 1 KB for EEPROM, the clock frequency is 16 MHz [1]. For programming
hardware, built on the hardware-software Arduino, a free software shell IDE is used [5]. The
Arduino programming language is a standard C ++ language with some features that allows to
write the working program easier [5].

One of the developed stages was the secret door opening when the figures were placed
in certain places according to their weight. Thus, at this stage, two challenges are manifested:
the development of automatically opening door mechanism and the mechanism for recognizing
figures in accordance with their weight. The door opening can be realized in several ways.

http://dx.doi.org/10.17770/het2017.21.3559
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1. Dual electromagnetic lock (holding force is 250 kg, and the current consumption is 1
/0.5 A) is connected to the microprocessor through a relay [1].

2. Electric latch lock - "latch™. In the initial position, the lock is locked. To open it a
necessary power(12w) must be got to the solenoid. The power connection to the lock is carried
out by the relay using two conductors with a two-pin connector at the end [4].

3. The stepper motor 28BY J-48, connected through the driver ULN2003, is very cheap
and convenient for using, but it has a number of drawbacks. It does not work correctly when
it’s overloaded, in addition, to work with different program code, you need to use additional
libraries for management, that complicates the procedure for using the engine.

4. The servomotor is a drive which controlled through negative feedback, that allows to
perform the motion parameters precisely. The servomotor is a mechanical drive which has in
its composition a sensor and a control unit that automatically maintains the necessary
parameters on the device according to the specified external value [1].

In the implementation of this task, a servomotor has been selected, since it is the
simplest for using, the cheapest and the most compact device of all of the above mentioned
options. The secret door has a small mass, so the servomotor can cope with this task easily.

The following sensors can be used for the recognition mechanism of relevant figures.

1. Strain gauge R1033 is a load cell that implements the balance operation. This sensor
has a drawback because due to the uneven position of the object, the measurements cam be
inaccurate, and the locker door might not be opened [3].

2. The pressure sensors (Force Sensitive Resistors (FSRs)) allow to assess the level of
pressure, force of pressure and weight [3]. They are easy to use and inexpensive. But their
disadvantages have the same nature as the load cell.

3. RFID tags are a technology for contactless data exchange, based on the use of radio-
frequency electromagnetic radiation. RFID is used for automatic identification and accounting
of objects. A chip is placed on the object, which, after the object is put in its place, is read by
an RFID reader [2]. For convenience, this method was chosen.

At the second stage of the escape room the sequence of cylinders is at disposal of the
participants. On the surface of the cylinders different characters are shown. Rotating the
cylinders, participants are to build the necessary sequence of characters, after which the locker
will be opened, where important for players object is hired. The character detection can be
done in several ways.

1. IR (infrared) receiver sensor TSOP18 is able to receive and process infrared signals
in the form of pulses of the set duration and frequency [2]. It has rather complex structure. At
this stage the element can be applied in the following way. A remote control is installed into
each cylinder at the place of the necessary character, which continuously sends a signal, and
behind each cylinder on the wall a special sensor is fixed. Once all the sensors get the signals,
the above locker will be opened.

2. Magnetic contact sensor (reed switch) consists of master (magnet) and executive (the
reed switch) parts. When the reed switch contacts get into magnetic field the contacts in it
short [5]. This cheap element has such important advantages as compactness, durability and
high performance, that’s why it was chosen to perform the task. To open the locker , the master
part is fixed at the base of each cylinder directly below the desired character, and the executing
part of the reed is placed under each cylinder on the horizontal surface. When all contacts are
shorted, a appropriate signal is sent to the board, the locker is opened.

The process of the locker opening is similar to the process of secret door opening at the
previous stage, so the servo is also used here.
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Results
The automation systems have been designed, assembled and tested for all necessary the

escape rooms stages.

In the first case, one Arduino Nano board, four RFID «tags-readers» pairs that
corresponds to the specified figures number, two servos and one 5 V power source have been

used to implement the task(fig. 1).

([ i

Fig.1 The electrical circuit of escape room stage with the figures detection

A strict position of all the characters is a main feature of the stage of the escape room.

Therefore, the microprocessor must be programmed to read the status of all RFID tags at the
same time. The program code for the device corresponds to the algorithm which is shown in

fig.2.
The device testing showed that it worked correctly. After the participants of the quest
put the figures in their places, the servomotor work and unlock the casket are triggered. If ever

one figure isn’t at its place the access to the secret locker will be denied.
In the second case, one Arduino Nano board, one 5 V power source, one servo and four
“magnet-reed switch” pairs were used in the automation system assembly (fig. 3).
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Fig. 2 The block diagram algorithm of the program for the escape room stage with

figures detection
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Fig.3 The electrical circuit of escape room stage with the rotating cylinders

It can be seen from the electrical circuit of the device that all reed switches are connected
with each other in series and that a sequence of sensors is connected with the board, but not
each sensor individually. The serial connection is determined to the peculiarities of the switch
reed structure. This means that the concept of the program will differ from the previous case,

because there is no need to check each reed switch individually, information is read from only
one digital input (fig.4).

Setting the
servomotor
on Arduino
board ports

Setting the
reed switch
on Arduino
board ports

Is the signal fixed
from the reed
switches?

The servomotor is
activated

End

Fig. 4 The block diagram algorithm of the program for the escape room stage with
rotating cylinders
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Having tested this automation system we saw that the device is worked correctly. Only
if all cylinders are positioned correctly the participants of the game will have access to the
object, hidden in the cabinet.

Summary

Thus, automation of separate escape rooms stages is possible with the help of
microcontrollers. This relatively inexpensive and simple solution of this task can not only
simplify the manual control of the room by a person, but also allows change the concept of a
particular escape room easily in the future. For example, for the escape room stages that are
shown in this project triggering mechanisms may be realized by using other combinations of
objects arrangement or also change these objects to others ones. Any stage of the game can be
easily complemented to various different effects such as: suddenly light on, the sound enables,
etc. All these effects will allow to maintain the popularity of the particular game at a high level
and to implement new bold ideas which in turn benefited the entertainment industry.
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ROBOT VISION TECHNOLOGY DESCRIPTION AND ANALYSIS
ROBOTU REDZES TEHNOLOGIJU APRAKSTS UN ANALIZE

Autors: Amil Nabiyev, e-pasts: datorsistemas2014@inbox.lv, 22029721
Zinatniska darba vaditajs: Péteris Grabusts, Dr.sc.ing., prof., e-pasts:
Peteris.Grabusts@rta.lv
Rézeknes Tehnologiju akadémija, Atbrivosanas aleja 115, Rézekne, LV-4601

Anotacija. Roboti kliist arvien gudraki un prasmigaki. Driz tie masveida izies arpus industrialas vides,
kur patlaban tiek izmantoti visplasak, sadzive. Svariga robotikas sastavdala ir robotu redze. Dazadas redzes
sistemas tiek iedalitas tris apaksklasés: zema, vidéja un augsta limena redze. Zema limena redzes sistemas ir
paredzetas, lai apstradatu informdciju no sensoriem. Redzes sistemu pamata ir dazadi objektu atpaziSanas
algoritmi. Viena no Sadu algoritmu grupam ir segmentacijas algoritmi. Darba tiek pétitas robotu redzes
tehnologijas un tajas balstiti segmentdcijas algoritmu darbibas principi. Izdarits vienkarsojums, ka robotu
redze tiek imitéta ar divam webkameram un noteikts attalums lidz nekustigam objektam.

levads

Robotu redzes sisteémas var klasificét ka "viedas" masinas, ja tam ir $adi simptomi
(pazimes viedai uzvedibai):

1), lai iegttu bitisku informaciju, kura ir daudzi neatkarigu iezimes;

2) sp€ja macities ar piemeriem un visparinat §is zinasanas ar noliiku to piemerosanu
jaunam situacijam;

3) spgja atjaunot notikumus nepilnigas informacijas apstaklos;

4) spgja noteikt merkus un formul&t planus, lai sasniegtu Sos mérkus.

“Vision Systems midrange” ideologija saistita ar segmentacijas uzdevumiem, aprakstot
un atzistot individualos objektus. Ta ietver dazadas pieejas, balstoties uz analitisko viedokli.
Augsta ITmena redzes sist€émas atrisina iepriekS apspriestas problémas. Lai iegiitu skaidraku
izpratni par tehniskam problémam saistiba ar tehniskas redzes zemu un vid&ju Iimeni — ir
jaievies dazi ierobezojumi $adu uzdevumu vienkarsosanai [1], [2], [6].

Faktiski to sauc par segmentacijas siZeta sadaliSanas procesa sastavdalas vai objektos.
Segmentacija ir viens no galvenajiem elementiem automatizetas redzes sist€mas, jo $aja posma
apstrades objekti tiek iegiiti talakai identifikacijai un analizei. Segmentacijas algoritmi parasti
balstas uz diviem pamatprincipiem: partraukumu un lidzibu. Pirmaja gadijuma pamata pieeja
ir balstita uz kontiiru noteik§anu un otraja — izmanto noteiktu kliidu “slieksni”. Sie jédzieni
attiecas gan uz statiskajam, gan uz dinamiskajam (atkariba no laika) ainam. Ped€ja gadijuma
kustibas var bt jaudigs instruments, lai uzlabotu segmentacijas algoritmu darbibas efektivitati.

Darba mérkis ir izp&tit robotu redzes tehnologijas un analiz&t segmentacijas algoritmus,
ka ir robotu redzes pamata.

Stereoskopiskas sistémas parametri

Digitali uznemtus videomaterialus var uztvert ka atsevisku attelu uznemsanu un vélaku
to secigu kop-salikumu, veidojot kustigu vizualo médiju. Lielakajai dalai digitalo iericu
atsevisku att€lu vai video uznemsana tehnologiski neatskiras. Lidz ar to, turpmak analizgjot
stereoskopiskas sisteémas fizikalos parametrus biezi vien nav iesp&jams vai nav nepiecieSamibas
tos atseviski atdalit. Noteiksim un aprakstisim kameru fizikalo parametru kopumu, kas raksturo
3D koordinatu kadréSanu 2D attélos. Pastav vairaki fizikalie parametri, kas ietekmé binokulara
lauka izveidi un att€lu apstrades procesu [3], [4], [5].

Izmantojot vienu att€lu uztveres ierici, tai ir viens attéla uztveres lauks jeb telpas
apgabals tas lecas prieksSpus€, ko ta sp€j uztvert un interpretét 2D att€la. Viens Sada veida
uztveres lauks tiek saukts par monokularo lauku.
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PriekSnosacijums stereo redzes radiSanai ir binokularais lauks. Tas veidojas, kad divu
att€lu uztveres iericu monokularie lauki parklajas (sk. 1. att€lu).

~—— Qptisko centru asis

S BT SNTSTSTSAA~ _BinokulGrais lauks

__Kameru uztveres lenkis

Infra-aksigiais attalums

1.attels Binokulara lauka izveide

Materiali un metodes
Epipolara geometrija — tas ir stereo redzes geometrija. Sada veida geometrija veidojas,
kad ar divu kameru palidzibu tiek aplikota kada 3D aina no divam dazadam pozicijam jeb
perspektivam. Ar epipolaras geometrijas palidzibu tiek apskatitas geometriskas attiecibas starp
trisdimensionali izvietotiem punktiem telpa un to projekciju 2D attela jeb projekcija uz digitalas
uztveres iekartas matricas.

SI(A) S2(A)  _
A
A b =
Y — 7
1 Kamera | Kamera 2 .
' _ N
X1(A) . X2(A)
) b

2. attéls Shematisks epipolaras geometrijas sistémas atspogulojums

Otraja attela atspogulota shematiska epipolaras geometrijas sistéma. Attalums starp
divu kameru optiskajiem centriem ir apziméts ar “b”. Abu kameru optiskas asis ir paralélas.
Tam ir vienads fokalais garums “f”. “A” ir punkts telpa un “L” ir attalums starp punktu un
kameru leécam. Pasas kameras tiek interpretétas ka “Kamera 1” un “Kamera 2” un attélu
projekcijas uz to matricam ir atbilstosi apzimétas ka “X1(A)” un “X2(A)”. Paralakse jeb $aja
gadijuma noveérojama objekta projekcijas novirze no optiskajam asim tiek izteikta ka:
X=X1(A)+X2(A) un ta ir apgriezti proporcionala telpas punkta nobidém no optiskajam asim
»S1(A)” un ,,S2(A)”.
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Saskana ar lidzigu trjstiiru geometriskajam TpaSibam iesp&jams izteikt sekojosSus
vienadojumus:

S1(4) _ L
X1(4) f
s2(4) _ L
X2(4)  f

b=S1(A)+S2(A)
X=X1(A)+X2(A)

L= b*f
~ X1(A) + X2(4)

L—b*f

X

Kad ir zinamas divu mainigo, kameru optisko centru intra-aksialais attalums “b” un
fokalais attalums “f” vertibas, tad méramais attalums “L” ir apgriezti proporcionals
noverojama objekta projekcijas novirzei no optiskajam asim jeb paralaksei ,,.X”.

Formulas distances izteikSanai varbiit atSkirigas, mainoties dazadiem sist€mas
parametriem. Lai biitu iesp&jams noteikt distanci [idz kadam telpas punktam ir batiski svarigi
izprast un zinat att€lu veidoSanas principus, kadi apstakli ietekm€é sist€mas darbibu un
ieglistamu me&rfjjumu precizitati.

Rezultati un to novertéjumi

Kameru savstarp€ja izvietojuma svarigi pievérst uzmanibu, lai to optisko centru
horizontalais izvietojums atrastos viena plakné . Ja kameras tiek novietotas ar vertikala
novietojuma kliidu vai horizontala novietojuma kliidu, tad var gadities, ka apstradajamais attelu
kop-salikums bis izkroplots. Viena gadijuma veidojas astigmatisks att€ls un otra gadijuma -
koncentrisks. Sadi uznemtus attélus ir sarezgitak vai neiespéjami apstradat. Lidz ar to bitiski ir
tas, lai kameras biitu novietotas paral€li un to uztveres punkti (I€cas) atrastos uz vienas ass un
plaknes. Pret€ja gadijuma var neizdoties apstradat datus vai noteikta distance biis nepreciza (sk.
3. un 4. att€lu).

L
|

T

i |
-1

A B

3. attéls Kameru savstarpéja izvietojuma vertikala novietojuma kliidas piemers
A B

4.attels Kameru savstarpéja izvietojuma horizontala novietojuma kliidas piemers

L

larizanlda
moElofuma

Uzstadot sistému iesp€jamas art lenkiska novietojuma kliidas, kas kameru optiskas asis
nav paralelas. Att€los 3 un 4 lenkiska novietojuma klidas shematiski att€lotas ar
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apzim&jumiem ,,Lenkis X” un ,,Lenkis Y”. Sada novietojuma klida var veidot uztverto attélu
perspektivas izkroplojumu, pieméram, viena no kameram uztver kvadratveida geometrisku
figiiru, savukart otra uztver trapecveidigu figtru.

Neliela lenkiska kluda, lidzigi ka iepriekSminétaja vertikala novietojuma kludas
gadijuma, var veidot astigmatiskus analiz€jamos att€lus. Turpinot So t€mu japiemin, ka var
neizveidoties tads binokularais lauks, kads bija paredz&ts veidojot sisteému. Atkariba no ta cik
liela un kada lenkiska vertiba bus izveidojusies novietojuma kliida, binokulara attéla lauks var
izveidoties gan tuvak, gan talak neka bija paredzets, bez tam tas var veidoties ar vertikalu un
horizontalu nobidi (sk. 5. un 6. att€lus).

A B

|
-!-_f ~ -%__""';
| _|'_II“-- I:,'"--_ — .':I——_ F ~ ~
=" | | |

6. attels Kameru savstarpéja izvietojuma Y lenka novietojuma kluda

Piem@ram, ja att€lotas lenkiskas nobides ,,Lenkis X un ,,Lenkis Y tiek palielinatas,
binokularais lauks var izveidoties parak talu, lai sist€ma spetu analizét tuvuma esosu objektu
distanci, vai ar1 binokularais lauks var neizveidoties vispar.

Biitiska nozime ir arl izmantojamo kameru intra-aksialajai distancei jeb kameru
izvietojuma savstarpgjam attalumam starp to optiskajiem centriem. Attéla 7. redzams
vienkarSots piemérs tam, ka intra-aksiala distance ietekmé binokulara lauka izveidi. Palielinot
attalumu starp optiskajiem centriem, binokularais lauks izveidojas talak no sisteémas. Ipasa
veriba japievers gadijumiem kad tiek izmantotas kameras ar Sauru uztveres lenki un lielu fokalo
attalumu, jo parlieku liela intra-aksiala distance var nelaut izveidoties binokularajam laukam,
val arf tas var izveidoties nevélama attaluma no sistémas.
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7. attels Binokulara lauka attaluma izveides atkariba no intra-aksialas distances
palielinajuma

Atseviskos gadijumos var tikt izmantota sist€ma, kurai ir mainigs intra-aksialais
attalums. Sada veida sistémas izpildijums palidz piemérot sistému dazadiem apstakliem, kuros
sistéma varétu biit pielietota. Palielinata intra-aksiala distance, palidz labak izskirt objektus, kad
sisttma izstradata talam mérjjumu laukam un piemérota gadijumiem, kad sist€mai tuva
mérfjumu lauka, viens otram blakus var atrasties vairaki objekti. Tomér lielaka izméra intra-
aksiala distance nozimé to, ka iegiitajos att€los buis griitak noteikt sakritibas, jo atbilstoSie
punkti attelos var but ar lielaku nobidi no optiskajiem centriem. Mazaka izm&ra intra-aksiala
distance nosaka, ka binokularais lauks izveidosies tuvak sist€émai. Analiz€jamo videomaterialu
uztvertie telpas apgabali biis maksimali lidzigi tada veida atvieglojot sakritibu noteikSanu,
tomér $ads kameru izvietojums nozime ari lielaku merijjumu lauka kladu (sk. 8 un 9 attelus).

8. attéls Stereo fotografijas jaukta veida attaluma 412.5cm
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9. attéls Stereo fotografijas jaukta veida attaluma 17c¢m

Secinajumi

P&tfjuma laika tika secinats:

o Nemainoties horizontalajam un vertikalajam stavoklim stereo att€lam, var iegiit
precizus matematiskus aprékinus;

o Attalinot kameras horizontali vienu no otras, var iegiit plasu skatfjumu uz stereo
att€lu, Saja gadijuma var izpétit ne tikai vienu priekSmetu, bet dazadus priekSmetus vienlaikus;

o Pastav vairaki fizikalie parametri, kas ietekme binokulara lauka izveidi un attélu
apstrades procesu;

o Lai vargtu noteikt distanci Iidz kadam telpas punktam, ir biitiski svarigi izprast
un zinat att€lu veidoSanas principus, kadi apstakli ietekm& sist€émas darbibu un iegiistamu
mérijjumu precizitati

o Petijuma gaita tika planots izp&tit un analiz€t attalumu Iidz noteiktam
priek§metam, vélak tiks aprékinati attalumi, lidz vairakiem objektiem vienlaikus;
o Tiks izskatits un analiz&ts noteikta izveleta objekta izmers.
Summary

This is called segmentation scene division process components or objects. Segmentation
is one of the key elements of automated vision systems, because at this stage of processing
object is generated from the scene for further identification and analysis. Segmentation
algorithms are generally based on two fundamental principles: a break and similarities. In the
first case, the basic approach is based on defining the contours, and the other - a certain
threshold and the increase in the region. These concepts apply to both static and dynamic (time
dependent) scenes. In the latter case, the motion can be a powerful tool to improve the
segmentation algorithm.
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CARBON FIBER AND PLANT FIBER COMPOSITE TECHNOLOGY
DEVELOPMENT IN HIGH STRENGH PARTS
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TEHNOLOGIJAS IZSTRADE AUGSTAS IZTURIBAS DETALU
IZGATAVOSANAI
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Abstract. Natural abundance, low density, high strength per unit weight, and biodegradability of
natural materials, specifically natural fibres, render them attractive for other reinforcements. In order to
clarify the effect of natural fibers as reinforcments upon the tensile strength of polyacrylonitrile (PAN)-
based carbon fibres, experimental as well as theoretical studies have been performed. A new material
developing has been made in combining different fiber materials and testing them for strengh.

Keywords: carbon fiber, composite materials,flax.

Introduction

The Carbon fiber is widely used as structural reinforcement in composites used in
applications requiring excellent mechanical properties and light weight [1-3]. The most
commercially available carbon fiber currently is produced from the polyacrylonitrile (PAN)
precursor using wet spinning technique. In the stabilization and carbonization processes of the
precursor, several kinds of decomposition gases like HCN and H20 are released, which is
totally unavoidable [3]. A number of voids were developed mainly in the external zones of the
PAN-based carbon fibers, which was proved through small angle X-ray scattering studies [4—
5]. Due to the different process of manufacturing, commercially available carbon fiber varies
according to the precursors, strength, stiffness [6]. It was known that the tensile strength of
carbon fibers. The tensile strength at gauge lengths was successfully evaluated and a tensile
strength as high as was observed experimentally for commercially-available PAN-based carbon
and flax fibers , showing their potential high tensile strengths. PAN-based carbon fibres are
now widely used in a broad range of applications that include sporting and leisure, aerospace,
industrial and, most recently, automotive [7] due to their high Young’s modulus and excellent
tensile strength. In order to maximise these mechanical properties, a deep understanding of the
effect of the fibre structure upon its properties is necessary so that precise control of the basic
fibre structure becomes possible.

Materials and methods

Composite material main structure is fibers and their characteristics has been researched
and tested. Main used material was carbon fibers, flax and glass fibers which glued togethet to
be holded together. Composite materials has testet for tensil strengh on Zwick/Roell Z150
machine. Data was registered on PC. Each workpiece has been made in vacuum. Vacuum
depression in mould was 99.9%. A new material developing has been made in combining
different fiber materials and testing them for strengh. All materials were purchased from Easy
Composites Ltd., UK and used as received.

http://dx.doi.org/10.17770/het2017.21.3556
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Fig.3 Showed tensile strengh for glass and flax fiber
Maximal strengh of materials are shown in Table2.

Table 2

Mater Max strengh N
Carbon fiber 9240
Carbon fiber-flax | 2580
Glass fiber-flax 2510

Results and discussion
Most strenghtful material has been carbon fiber without any other reinforcements. But
as known material as hemp fiber, which is more strenghtful as flax fiber there was no chance
to research it and test it, because of that manufacturers which is near are not using fibers for
reinforcements but only for food production or heating.

Summary
Results showed that most strength with flax was with carbon fiber but tensile strength
difference from glass fiber reinforcement was not big.
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ADVANTAGES AND DISADVANTAGES OF CLOUD COMPUTING
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Abstract. The paper defines cloud computing and describes the main cloud computing models,
like software as a service (SaaS), platform as a service (PaaS) and infrastructure as a service (laaS), than
main advantages and disadvantages with concrete examples are given. The three advantages outlined in
the paper are cost optimization, rapid access to computer resources and information sharing possibilities.
The three disadvantages outlined are security, technology restrictions and unexpected service downtime.

Keywords: cloud computing, laaS, PaaS, Saas, software development, technology

levads

MakonskaitloSana ir tehnologiju kopums, kas nodro$ina piekluvi datora resursiem,
izmantojot interneta starpniecibu. Datora resursu izdaliSana ir automatizéts un dinamisks
process, kas nozimg, ka lietotajs spgj palielinat vai samazinat nepiecieSamo resursu apjomu un
skaitlosanas jaudu atkariba no savam vajadzibam [1].

Sobrid eksisté vairaki makonskaitlo$anas servisa modeli, tie ir tadi ka programmatiira
ka serviss (SaaS), platforma ka serviss (PaaS) un infrastruktiira ka serviss (laaS) [1].

Programmatiira ka serviss sniedz iesp&ju lietotajam piekliit programmatiiras produktam,
kas izvietots uz makonskaitloSanas infrastruktiiras [2].

Platforma ka serviss ir orient€ta uz programmatiiras izstradatajiem, jo ta nodroSina
iesp&ju programmeétajam izvietot programmas kodu uz servera, neveicot datoru infrastruktiiras
konfiguracijas un uzturésanas darbus [4].

Infrastruktiira ka serviss nodroS$ina iesp&ju gan sistémas administratoriem, un
izstradatajiem konfigurét nepiecieSamo datoru resursu apjomu, ka arl instalg§jamo
programmatiiru [2].

MakonskaitloSanas pakalpojumu izmantoSanas priekSrocibas ietver sevi izmaksu
optimizaciju, plasu un atru datoru resursu pieejamibu, ka ar1 plaSas koplietoSanas iespgjas.

Neskatoties uz makonskaitloSanas priekSrocibam, gluzi ka jebkurai misdienu
tehnologijai, tai ir arT savi trikumi, batiskakie no tiem ir datu drosiba, tehnologiju ierobezojumi
un iesp&jama pakalpojuma nepieejamiba.

Saja raksta tiek izvertétas iepriek§minétas makonskaitlo$anas prieksrocibas un triikumi.

Pétijuma objekti un metodes

MakonskaitloSanas prieksrocibu izvertejums tika veidots balstoties uz tadiem rakstiem
un publikacijam ka “MakonskaitloSanas celvedis prieksrocibas un trikumi” [2] un
“MakonskaitloSana no uznémuma perspektivas” [3], savukart svarigako trikumu izveértéSanai
galvenokart tika nemti véra 2008.gada, kompanijas IDC, veikta p&tijuma rezultati, kas aprakstiti
raksta “MakonskaitloSana: Problémas un izaicinajumi”[4].

Nemot véra autora pieredzi informacijas tehnologiju nozar€, ka ari makonskaitloSanas
pakalpojumu izmanto$ana, autors sniedz arT savu viedokli par $is tehnologijas prieksrocibam
un truikumiem.

Rezultati un to izvertejums
Izvertgjot iepriekSmin€tajos petijumos sniegto informaciju, autors par biitiskakajam
makonskaitloSanas priekSrocibam uzskata izmaksu optimizaciju [2], atru datoru resursu
pieejamibu [5], ka arT informacijas koplietoSanas iespgjas, kuras nodroSina makonskaitloSana.

http://dx.doi.org/10.17770/het2017.21.3557
180


http://dx.doi.org/10.17770/het2017.21.3557
mailto:aldis.plotnikovs@gmail.com

RTé 5 21. starptautiska studentu zinatniski praktiska konference
REZEKNES TEHNOLOGIU AKADEMIIA Cilvéks. Vide. Tehnologijas

Savukart butiskakie $1s tehnologijas trikumi ir datu drosiba [4], tehnologiskie ierobezojumi [2]
un iesp&jama pakalpojumu nepieejamiba [4].

Izmaksu optimizacija (+)

Izmantojot makonskaitloSanas pakalpojumus lietotajs var ietaupit savus finanSu
resursus. Izmantojot programmatiira ka serviss modela sniegtas iesp&jas tadi uznémumi ka
Microsoft [6] un Google [7] sniedz iesp&ju lietotajam izmantot biroja programmatiiras paketi
interneta parlikprogramma par velti. Lai gan piedavatajai programmatiirai ir dazi
funkcionalitates trilkumi, taja pat laika, ar piedavatajiem risinajumiem iesp&jams veikt pamata
uzdevumus.

Programmatiiras izstradatajiem un uznéméjiem, makonskaitloSanas tehnologijas,
izmantojot platforma ka serviss un infrastruktiira ka serviss modelus sniedz iesp&ju ietaupit
lidzeklus, neveicot ieguldijumu dargas serveru infrastruktiras izveidé, kas nepiecieSama
timek]a tipa programmatiras izvietoSanai. Ta vieta, §1T uzdevuma veikSanai iesp&jams izmantot
makonskaitlosanas pakalpojuma sniedz€ja piedavatas iespgjas.

Sobrid §is nozares tirgus lideri ir Amazon Web Services (AWS), Microsoft Azure un
Google Cloud [8]. Izmantojot o servisu pakalpojumus, iesp&jams norékinaties par meénesi vai
par to stundu skaitu, kuru laika datora resursi tikusi izmantoti.

Atra datoru resursu pieejamiba (+)

Izstradajot timekla vietni nav iesp&jams paredz€t nepiecieSamos sist€mas resursu
apjomu, jo tie ir atkarigi no vietnes apmekletaju skaita. Izmantojot privatu infrastruktiru,
iegadato resursu apjoms var izradities nepietiekams, vai ar1 liela dala iegadatas tehnikas var
atrasties dikstaves rezima [3].

Izmantojot platforma ka serviss un infrastruktira ka serviss modelus iesp&jams
automatiski palielinat vai samazinat nepiecie$amos resursus optimalas jaudas nodro$inasanai.

Informacijas apmainas iespéjas (+)

Misdienas aizvien aktualaka paliek iesp&ja koplietot informaciju ar citiem cilveékiem,
tadgjadi paveicot daudz vairak darba 1saka laika perioda.

Pateicoties tam, ka makonskaitloSanas pamata ir internets, tad tehnologijas kas balstitas
uz to nodroSina informacijas kopigoSanu ar citiem interneta lietotajiem. Ta piemé&ram,
dokumentu sastadisanu, programma Google Docs var veikt vairaki lietotaji, ka ari pievienot
dokumentam komentarus un piezimes realaja laika.

Savukart programmaturas izstradataji, izmantojot tadus makonskaitloSanas modelus ka
platforma ka serviss un infrastruktiira ka serviss var kopigi stradat pie viena projekta, izmantojot
vienotu izejas koda atraSanos vietu uz servera, kas tiek automatiski palaists, péc izvietoSanas
uz servera [9].

Datu drosiba (-)

Viens no butiskakajiem makonskaitloSanas trikumiem ir lietotaja datu drosiba [2]. Ta
ka informacija atrodas makonskaitloSanas pakalpojuma sniedz€ja parzina, nav iesp&jams
paredzet ka vin$ ar So informaciju rikosies. Nenoliedzami, ka starp lietotaju un pakalpojuma
sniedz€ju ir ligums, kas bieZi vien paredz noteikumus ka pakalpojumu sniedzgjs rikosies ar
izvietoto informaciju. Taja pat laika $aja liguma var tikt paredzéti labojumi, kas, pieméram,
laus nodot informaciju treSajam personam.

Cits droSibas risks var rasties, ja pie informacijas nesankcionéta veida piekliist treSas
personas, kuram tas izdevies pateicoties drosibas kliidai pakalpojuma sniedz&ja programmatiira.

Tehnologiskie ierobezojumi (—)

Programmatiiras izstradataji, izmantojot platforma ka serviss modela, piedavatas
iespejas var saskarties ar to, ka izv€letais pakalpojuma sniedzgjs neatbalsta programmeétaja
izveleto izstrades vidi. Ta pieméram tadi pakalpojumu sniedzgji ka Google Cloud un Heroku
neatbalsta Microsoft.NET izstrades vidi. Sada ierobezojuma iemels noteikti ir taja, ka §is
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izstrades vides atbalstam nepiecieSama Microsoft Windows operétajsistéma, kuras licences
iegade sadardzinatu pakalpojuma izmaksas.

Pakalpojumu nepieejamiba (-)

Izvietojot sistémas uz makonskaitlosanas pakalpojuma sniedzg&ja infrastruktiiras pastav
risks, ka pakalpojums nebiis pieejams, tiSas vai netiSas pakalpojuma sniedzgja infrastruktiras
bojasanas gadijuma [4]. Viena no popularakajam metodém ir servisa atteices tipa uzbrukumi,
kas varbit nav tiesi versti uz pakalpojuma sniedz&ju, bet uz vienu no klientiem, kas izmanto
Sos pakalpojumus.

Secinajumi
Saja raksta tika apskatitas dazas no biitiskakajam makonskaitlo$anas prieksrocibam un
trikumiem. Izveértgjot tehnologijas prieksrocibas un trikumus var secinat, ka prieksrocibas
atsver trikumus, kur par vienu no svarigakajam priekSrocibam var uzskatit izmaksu
optimizaciju, ko sniedz makonskaitlosana, savukart, attistoties tehnologijam, trukumi, p&c
autora uzskatiem, nakotne tiks izlaboti.

Summary

Cloud computing is a set of technologies that provides users with computing resources
from a cloud service provider trough internet. There are three types of cloud computing service
types, such as software as a service (SaaS), which allows users to use their web browser to
access applications like an office suite and others, platform as a service allows software
developers to deploy web applications without any server configuration, and infrastructure as a
service allows developers and system administrators utilize the cloud for their computing needs,
by configuring the hardware and software needed for computation. As with any technology
there are advantages and disadvantages to using cloud computing. The most important
advantage of cloud computing is cost optimization, because in cloud computing one can lease
computer infrastructure instead of investing heavily in hardware and software resources. The
most important disadvantage of cloud computing is security risk, because the data is stored on
the providers servers, there is no real guarantee that this data will not be compromised or third
person will not get access to it. Comparing cloud computing advantages and disadvantages
author of the article concluded that the advantages outweight the disadvantages and by
enhancements in cloud computing technologies in the near future, the obstacles described could
be fixed.
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Abstract: In this article, there is considered calculation of electromagnetic parameters of axial wind
generator on 3 phases of AC, which partly may cover some of demand in electric energy.

Key words: B — magnetic induction [TI]; D — average value of the diameter of the rotor [m]; E —
electromotive force (EMF) [V]; [ — length of active part of wire [m]; v (w)- velocity [m/sec (turn/sec)].

For calculating EMF of generator, we used classic Faraday's formulation:

E =B - | - v. Value of magnetic induction, created by neodymium magnets, we took
according to technical literature equals 0,7+1,0 T1. Active part of wire, the part witch covered
by magnets [ = 0,05 m. Length of circle, on witch located magnets L == - D, where D = 0,25
m, so after one rotation the magnet passes length L = 3,14*0,25 = 0,785 m, that means, EMF
in wire of 0,05 m, crossed lines of uniform electromagnetic field with magnetic induction B =
0,8 Tl with velocity 0,785 m/sec equals E=0,8 - 0,05 - 0,785~ 0,03 V.

In calculating were accepted next concessions:

— the electromagnetic field in zone of magnet’s location we considered as uniform;

- the reactive resistance of wires was accepted as insignificant (cosg = 1);

- the temperature in every part of generator is constant.

Every phase A, B and C of stator is composed by 3 connected in coils series of
cooper wires located on circle at an angle 120 degree. Coils series of stator may be connected
between each other either in «star» (Y) or «triangle» (A). In case of «star» (Y) connection the

voltage and resistance increases in /3 times, compared to «triangle» (A) connection.

Below given starting values for calculating of electric parameters of 12V generator:

Ir=8 A —rated load current;

w1 = 36 turns — number of turns of wire in one coil of the stator

n = 4 coils — the number of coils in one phase of the stator;

k = 0,75 — the coverage ratio of the turns of the coil magnetic field,

I av = 0,22 m — the average length of one turn of stator coil.

Consider calculating for «star» (Y) connection in next order:

1. Rated load current I, = 8 A, therefore accepted permissible density of current for
cooper wire j = 2 A/mm?, we took for coils the wire with diameter equels @cy = 2x1,63 mm
(double wire). The total cross-sectional area of the wireisS=2 - - @%cy/4=2-3,14 - 1,63/
4 =417 mm?2.

2. EMF of idle running on each phase we found as

Eiv=2-V3-kK-E-n-wi=2-1,73-0,75-0,03 - 4 - 36=11,21 V. The coefficient 2
in the formulation indicates that the EMF is induced in both sides of coil turn. The vectors of
the EMF will be directed according to the contour of the coil, which means it will be formed.

3. Electrical resistivity according to technical literature for 1 meter of cooper wire in
20°C with S = 4,17 mm? equals Rr = 0,0042 Omxm.

4. Voltage on each phase of generator with I, = 8 A found from the formulation: AU1y
=l Rr-lav-n-wi=8-0,0042-0,22-4-36=1,06V.

6. Power that produces on each phase equals:
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AP1y =1y - AUy =8 - 1,06 =848 W.

7. Linear voltage at the terminals of the generator at | = 8 A can be determined as:

Uy = F1y — AUy = 11,21 - 1,06 = 10,15 V.

8. Calculate the useful power of one phase at nominal load current I =8 A. Py = I; -
Uy=8-10,15=81,2 W.

9. Calculate the output power of the generator at the rated load current

Psy=3-Piy=3-81,2=243,6 W.

10. Define the average value of the EMF after the semiconductor bridge diode rectifier:
Eav=2,34 - Eiy=234-11,21=26,23 V.

Results and discussion
The results of electromagnetic calculation of the 12-volt three-phase generator are
summarized in Table 1.

Table 1
w, turn/sec | w, turn/min | Eiv,V | Uy,V | Py, W | P3y, W | Eav, V
1 60 11,21 10,15 81,2 243,6 26,23
2 120 11,21 10,15 81,2 243,6 26,23
3 180 22,42 20,3 162,4 487,2 52,46
4 240 33,63 | 30,45 243,6 730,8 78,69
5 300 44,84 40,6 324,8 974,4 | 104,92
6 360 56,05 | 50,75 406 1218 131,15
7 420 67,26 60,9 487,2 1461,6 | 157,38
8 480 78,47 71,05 568,4 1705,2 | 183,61
9 540 89,68 81,2 649,6 1948,8 | 209,84
10 600 100,89 | 91,35 730,8 2192,4 | 236,07

The actual parameters of the generator will differ from the calculated values in the lower
side due to the presence of assumptions mentioned above. In addition, the additional power
losses are not taken into account in the calculation will occur in the electric cable, the diode
rectier and so on.

Conclusion
In the article considered and solved the following tasks:
1. The principle of operation of electric generator.
2. The proposed method of electromagnetic calculation of the experimental 3-phase
generator.
3. The calculation of operational characteristics.
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OGLEKLA DIOKSIDA (CO2) LAZERA MARKESANAS PROCESA
PARAMETRU IETEKME UZ POLIVINILHLORIDA (PVC)
MATERIALU LAZERMARKEJUMA KVALITATI
CARBON DIOXIDE (CO,) LASER MARKING PROCESS PARAMETER
IMPACT ON MARK QUALITY OF POLIVINILCHLORIDE (PVC) MATERIAL
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Abstract. Laser technologies nowadays are widely used in material processing. CO- laser systems in
most cases are used in metallic material manufacturing and processing, taking not so big part in processing of
plastic materials. This research is dedicated to find advantages or disadvantages and ways to use CO laser
systems in plastic material processing, by taking PVC material as sample for experiments. PVC plastics is
widely used in manufacturing of electrical installation details and devices, it is durable, relatively light, and
cheap material. To provide application of various symbols, on the surface of plastic materials, can be used
laser systems, which in long term can be more efficient than conventional marking methods.

The aim of this work is to find if CO, laser is appropriate for marking PVC material and to relate the
mark quality parameters and the marking process parameters. The research was conducted in the period of
time from March 2017 till April 2017, in the Rézekne Academy of Technology, Physical process and laser
technology research center.

Keywords: CO,, Laser marking, Power, Speed, PVC, Plastic, RTA

levads

Lazers ir elektroniski optiska ierice, kura izstaro koherentu starojumu. Termins
"Lazers" ir akronims no anglu valodas, (Light Amplification by Stimulated Emission
of Radiation) ko latvieSu valoda var tulkot ka "gaismas pastiprinasana, izmantojot inducéto
starojumu".  Tipisks  lazera  starojums  irgaismaskalis ar  mazu izkliedi un
ar monohromatisku vilpa garumu. [2]

Lidz ar lazertehnologiju attistibu palielinas arT to izmanto$ana dazadas tautsaimniecibas
nozar€s. Lazers ir stabili ienémis vietu metalapstradé, medicina un metrologija. Tomér krietni
mazaks ir lazeru pielietojums plastmasu apstrade.

Plastmasu attistibu, no to izgatavoto materialu un detalu klasts nemitigi pieaug. Dazadu
grafisku simbolu uznesanai uz plastmasas materialiem visbiezak tiek izmantotas tradicionalas,
krasu mark&sanas sistémas un gravieri. ST darba mérkis ir izp&tit metalapstrade plasi pielietoto
CO: lazera sisteému pielietoSanas iesp&jas plastmasu markesana. Galvenie kriteriji péc ka tiek
vertéta lazera piemérotiba konkréta materiala markeSana ir eksperimenta izmantotie
lazermark@$anas parametri un iegiita rezultata kvalitate uz petama objekta. Sis pétfjums lauj
identificét CO2 lazeru sist€émas priekSrocibas, trikumus un veidus, ka to izmantot plastmasas
materialu apstrade.

PVC plastmasas tiek plasi izmantota dazadu elektroinstalaciju detalu un iericu, ka art
dazadu plastmasas caurulu, apdares materialu, kreditkarSu u.c razoSana. PVC plastmasas
materiali ir izturigi, salidzinoSi viegli un leti. Lazeru izmantoSana grafiskas informacijas
uzneSana uz plastmasas materialiem un ilgtermina var but efektivaka, neka konvencialas
(tradicionalas) markeSanas metodes.

ST darba mérkis ir noskaidrot vai CO2 lazers ir piemérots PVC materialu markésanai
izvertejot markeSanas rezultatus un saistibu starp zimju kvalitates parametriem un markéSanas
procesa parametriem.
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Oglekla dioksida (COz2) lazers un lazermarkéSana
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1.attéels CO2 Lazera stara generéSanas principiala shéma-[-g]

CO2 jeb oglekla dioksida lazers ir gazes tipa lazers. Tas nozimé, ka elektroenergija pliist
cauri gazi, lai ieglitu gaismas kvantu — fotonu emisiju. COz lazera uzbiive un darbibas principa
pamata ir caurule, kas piepildita ar gazi, kurai ir puscaurlaidigs spogulis viena pusg, pilniba
atstarojoSs vara spogulis otra pus€, kas atstaro 99% no 10,6 (um) vilna garuma (skat. 1.att).
Sada sistéma nodroina vairakkartgju fotonu emisijas paatrinasanos.[6] Oglekla dioksida
lazeros izmanto gazu maisijumu, kas parasti sastav no oglekla dioksida (COy), slapeklis (N2),
un hélija (He) ar attiecibu (1 : 1 : 3). ST tipa lazeri ir vispladak izplatitie riipnieciskie lazeri, ko
visbiezak izmanto térauda apstradei. [4]

Lazera stara izeja izmanto Zn Se I&cas jo tas neabsorbe infrasarkano starojumu ar vilna
garumu 10,6 (um) $adi tiek palielinata lazera iekartas lietderiba un energoefektivitate. Lazera
vilpa garums 10,6 (um) kas ir infrasarkanais gaismas staru spektrs. Lietderigas iedarbes
koeficients 10 — 20%.[5]

Lazers ir bistams acim un adai. P&c EN 60825-1 Sim lazeriem ir visaugstaka 4.
bistamibas klase [10]

Lazera markéSana nozimé termisku iedarboSanos uz materialu, kas sakara ar kimiskam,
molekulam izmainam materiala izraisa parogloSanos, putoSanos, kusanu, ablaciju, krasu mainu
un daudz ko citu.[3] Galvenas prieksrocibas lazera mark&Sanas procesiem ir liels atrums, augsta
atkartojamiba, bez kontakta darbiba, apstradaja platiba ir pielidzinama ar lazera izmé&riem,
automatizacija augsta un elastiba. Turklat lauj izmantot sus vilpa garumus, ko spgj labak
absorbét daudz plasaks spektrs materialu. tas lauj. Ta ka, izmantojot 1sakus impulsus, samazinas
siltuma skartas zonas, tas paver jaunus celus apstradat materialus ar maziem izmériem Iidz pat
nanometriskai precizitatei. [4]

Parak liels mark&sanas atrums, var izveidot zemas kvalitates mark&jumu, kas ir slikti
redzams vai atri izzudis. Tas pats var notikt, ari, ja tiek izmantota parak maza jauda. Pie lielas
jaudas un maza atruma, materials var tikt sabojats, taja var izkust caurumi. Virsma nebiis gluda,
vai pat priekSmets zaud€s savu formu un izturibu. [5]

Pétijuma objekts
Pétijuma objekts ir CO2 lazera sistemas mark&juma kvalitate uz Polivinilhlorida (PVC)
plastmasas materiala, kas ir iegiita ar CO2 lazeri. Lai iegiitu labu mark&uma kvalitati un
noturibu uz plastmasu virsmam, vienlaikus saglabajot mark&jama objekta formu, struktiiru un
virsmas gludumu, ir nepiecieSams atrast piem&rotakos 1azermark&Sanas procesa parametrus.
Izmantojot CO: lazeru PVC plastmasu markéSana, ir svarigi atrast optimalakos
parametrus, lai tiktu saglabata augsta mark&to simbolu kvalitate un veiktsp&as atrums,
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Vienlaikus saglabajot materiala formu ar tam piemitoSajam fizikalajam un kimiskajam
Ipasibam.

Materiali un metodes

Veicot pétijumam nepiecieSsamos PVC markéSanas eksperimentus, tika izmantota, balta
2 mm bieza (200 x 300 (mm)) polivinilhlorida (PVC plastmasas) loksne.

Tira polivinilhlorida materiala krasa ir balta, gan sadzivé gan riipnieciba, visizplatitakie
ir baltas krasas PVC materiali. [11]

Polivinilhlorids (C2HsCl)n - saisinajuma PVC, ir treSais visizplatitakais un vairak
razotais sintetiskais plastmasas polimérs.[1] Polivinilhlorids ir termoplastisks plastmasas
materials ar amorfu struktiiru. Sis materials ir loti ciets un tam ir augsts elastibas modulis. [12]
Polivinilhlorids ir kimiski izturigs un tam ir izcila ugunsizturiba (tas ir paSnodziestoss). Ta
izmanto$anas temperatira ir -10°C Iidz +60°C. PVC pielieto

masinbiiveé, kimijas ripnieciba un elektrotehnika — dazadu tvertnu izgatavosSanai,
parsegi, skrapji, u.c. detalas [13]

OO, Lazem Rezonmors

Spogulis

(W] rorcsasjons seea
crs ‘adibas
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2.attels Eksperimenta principiala shéma [9]

Pétijuma, lazermarkéSanai uz PVC materiala, tika oglekla dioksida gazu lazers (Carbon
Dioxide (C02) laser) CHANXAN CW -1325 ar maksimalo jaudu 150 (W), nepartraukta vilna
reZima, un vilpa garumu 10600 (nm). Lazera stara iedarbibas zonas diametrs 100 (um).
Maksimalais apstrades laukums 2500 (mm) x 1300 (mm). Dzes€Sanas sist€éma — tidensdzese.
Lazera droSibas klase -4.

Sis lazera iekarta ka to paredz tas izgatavotajs galvenokart ir paredzéta grieSanai,
gravéSanai un mark@Sanai uz papira, kartona, koka, stikla, auduma, stikla, gumijas, aluminija
un citu metalu materialiem. [3]

Lazera galvenas sastavdalas, ir vadibas dators un elektriskais skapis, rezonators un
fokusgjosa Ieca ar sprauslu kuras parvietoSanos un lazera stara vadibu pa apstradajamo virsmu
3 dimensijas (X, Y, Z asis), nodroSina atklata tipa elektromehaniska piedzinas sistéma, kas
sastav no 3 solu motoriem ar siksnas parvadu, kas piedzen siksnas parvada skriemelus,
nodroSinot lazeriekartas CHANXAN CW-1325 kustigo segmentu parvietoSanos pa
taisnstiirprofila sliedém (skat. 2.att.)

Vadibas dators kalpo ka lietotaja-iekartas interfeiss. Izmantojot datoru tiek izveidots
mark&uma 2D modelis, tad §im modelim un atseviSkiem ta segmentiem tiek pieskirts noteikta
jauda un atrums, ar kadu tie tiks uzmark@eti uz materiala.

Pétijuma lazermarkéSanas eksperimenti uz PVC materiala, tika veikti R&zeknes
Tehnologiju Akadémijas, Inzenieru fakultates, Fizikalo procesu un lazertehnologiju
pétnieciskaja centra esoSo CO02 lazeri CHANXAN CW -1325. To laika, tika mainits
lazermark@Sanas atrums un jauda. Vispirms lazeriekartas programma, tika izveidota parametru
matrica, kas paredz 5 mm radiusa laukuminu markesanu, minot mark&Sanas atrumu un jaudu.

Veicot plastmasu markéSanu ar doto iekartu, ir jaieveéro visas droSibas prasibas un
instrukcijas, darba ar 4 klases lazera iekartu. Papildus ir janem véra, ka apstradajot organiskas
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vielas, lazera iedarbes procesa, var notikt to un atseviSku to dalu kuSana, degSana un
iztvaikoSana. MarkéSanas procesa no PVC materiala izgarojosie diimi un tvaiki var saturét (HCI1
gazes un CI12H4CI402, CoH4Cl, CoH3Cl dalinas, kas var bt kaitigas iekartas, iekartas
operatora un apkart&jas vides veselibai. Tap&c eksperimenta, laika tika nodro$inata izgarojumu
un diimu atstik§ana no mark&Sanas virsmas, tos izlaizot caur atbilstoSiem oglekla filtriem, lai
nepielautu iespéjamu kaitigu dalinu nokluSanu apkarteja vide. [7] Ta ka HCI gaze veicina
metalu oksidaciju, un izmantojamajam lazeram ir atklata tipa mehaniska piedzina, lai noveérstu
piedzinas detalu bojajumus, ir nepiecieSams veikt gazu nosiici un regularu piedzinas elementu
tiriSanu un pretkorozijas apstradi. [14]

Rezultati un to izvertejums
Eksperimentos, tika veikta balta PVC materiala 1azermarkéSana, mainot markésanas
jaudu un atrumu, attiecigi 90, 100, 200, 300 (mm/s) Mainot jaudu mainas lazera stara iedarbes
intensitate un uz mark€jamo virsmu un rezultata iedarbojosas energija. Mainot atrumu, mainas
laiks, ar kadu lazera stars un ta energija iedarbojas uz mark&amo virsmu. Eksperimenta laika
iegiitos rezultatus var apskatit 3. attela.

. 77588599510

3.attéels LazermarkeSanas eksperimenta rezultati uz PVC materiala paraugiem

Veicot eksperimentu tika apstradati 5(mm) radiusa PVC plastmasas materiala virsmas
laukumi, apstradata ar citu jaudu, intervala no 8 — 12 (W) un atrumu, intervala no 90 — 300
(mm/s). Jauda kas parsniedz 12 (W) izraisa materiala iztvaikoSanu, veidojot taja robus.

Lai noteiktu un novertetu lazera stara iedarbibas rezultatu uz apstradato materialu, ir
nepiecieSams novertét rezultata IpaSibas un to apjomu. Viens no mark&uma kvalitati
raksturojosajiem lielumiem ir mark@tas virsmas raupjums.

Raupjums, lazera stara iedarbibas vietas, laukuma, tika meérits ar virsmas raupjuma
meritaju MarSurf PS1(Skat. 4.att€lu).

4.attéls Virsmas raupjuma mérisanas ierici MarSurf PS1
Raupjums tika izmérits katram parauga matricas 5 (mm) radiusa virsmas laukumam.
Raupjuma vertiba mainas atkariba no jaudas ar kadu 1azera stars iedarbojas uz virsmu un laika,
cik ilgi lazera stars iedarbojas uz virsmu. legiitie ar lazeru apstradatas virsmas raupjuma
rezultati atkariba no jaudas izmainas, pie konstanta atruma — 1600 (mm/s) un frekvences
200(kHz), ir paraditi grafika (Skat 5. att€lu)
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S.attéls Apstradatas virsmas raupjuma izmaina atkariba no lazera jaudas

Grafika ir redzams, ka pieaugot markeSanas lazera stara jaudai, vid&jais virsmas
raupjums palielinds. Tas ir notiek tadel, ka palielinot lazera jaudu, pieaug uz materialu
iedarbojosas energijas daudzums, kas palielina materiala kusanas un iztvaikoSanas apjomu, ka
rezultata virsma klist nelidzena. Ka ir redzams no eksperimenta iegtitajiem rezultatiem, zema
mark&Sanas jauda, neatstaj pietickami labi saskatamu un izm&ramu ietekmi uz materialu.
Turklat liela jauda izraisa parlieku lielu materiala destrukciju un iztvaikoSanu, padarot virsmu
parlieku raupju.

Ar lazeru iegutais mark@jums, ir atkarigs, ne tikai no lazera jaudas, ar kadu tas bet ar1
no $is iedarbibas laika - mark@Sanas atrumu (mm/s).

Ar COg; lazeru legiitie apstradatas virsmas raupjuma rezultati atkariba no markéSanas
atruma pie nemainigas jaudas — 9 (W) ir paraditi grafika (skat 6.attelu).
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6.attéels Apstradatas virsmas raupjuma izmaina atkariba no lazermarkéeSanas
atruma

Aplikojot grafiku 7.attela ir redzams, ka pieaugot markéSanas atrumam, vid€ja virsmas
raupjuma veértiba samazinas. Pie maksimala markéSanas atruma, ta ir tuva nullei (0.00(pm)).
Tas nozimé, ka mark€Sana ar lielu atrumu, neizraisa kuSanas procesus, jo lazera stars uz virsmu
iedarbojas 1su laiku, kas nav pietieckams lai to sasilditu. Savukart zems markeéSanas atrums
izraisa parak liela raupjuma rasanos un materiala biitisku destrukciju, jo lazera stars iedarbojas
parak ilgu laiku, kas izraisa materiala sabojasanu.
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7.attéls Nepietiekamas kvalitates (nevienmérigs) markéjums pie zemas jaudas un liela
atruma (8 (W) 300 (mm/s))

Attela ir redzams markéSanas rezultats PVC materialu apstradajot ar jaudu kas
neparsniedz 8 (W) un atrumu 300 (mm/s). Mark&ums 10x palielinajuma izskatas nevienmerigs,
vaja iedarbe ir lokala, tas ir skaidrojams ar materiala neviendabigumu un nepietiekamo
pievaditas lazera jaudas blivumu.

8.attels Materiala sabruksana ko izraisa markésana pie jaudas kas parsniedz 12 (W) un
atruma kas ir zemaks par 200 (mm/s)

Marké&jums 10x palielinagjuma, ir skaidri redzama materiala izdedzinata bedre, tas ir
skaidrojams ar parak lielu pievaditas lazera jaudas blivumu.

9.attels Markejuma rezultats ar jaudu 9 (W) un atrumu 200 (mm/s) (10x palielinajuma)

Attela redzams vienmerigs labas kvalitates mark&ums ar zemu vid&jo raupjumu 0.05
(um). Mark@jums ir ar zemu raupjumu un viena lItment ar materiala virsmu, tas nozimé ka tas
neizcelas ne augstaks ne zemak par materiala virsmu. No ta var secinat, ka Sis mark&ums ir
iegits pie optimalakajiem mark&Sanas parametriem ar CO3 lazeri, jo izmainas ir notikusas, tikai
materiala kristaliskaja rezgi, ar nelielu molekulu paroglo$anos materiala virsmas slani. Iegiistot
gaisi brinu nokrasu, kas pietiekosi abi kontrast€ (izcelas) ar balto materiala virsmas toni.

Secinajumi
Veicot polivinilhlorida materiala markéSanu ar CO:2 lazeri, markéSanas procesa
parametri - jauda un atrums, ietekme uz iegtita markéjuma un materiala kvalitati un izskatu.

1. Markgjot ar zemu jaudu — 8 (W) lazera stars, neatstaj nekadu redzamu ietekmi
uz PVC materialu.
2. Ar jaudu sakot no 12 (W) un atrumu zemaku par 100 (mm/s) notiek strauja

materiala kusana un intensiva vielas iztvaikosana, ka rezultata materiala virsma tiek degradéta
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3. Optimalie parametri balta polivinilhlorida (PVC) detalu 1azermarkéSana ar CO2
lazeri, ir jauda intervala no 8,5(W) lidz 10 (W) un markeSanas atrums no 170(mm/s) lidz 210
(mml/s).

4. Veicot markéSanas méginajums ar CO2 lazeri uz PVC materiala, izdevas iegiit
tikai vienveidigu tona krasu mark&jumu (no gaisi dzeltena lidz briinam)

5. Markgjot ar jaudu kas parsniedz 9 (W) markeSanas process pariet gravésana. Tas
nozimé, ka notiek materiala iztvaikoSana.

6. Nav vélams pielaut materiala iztvaikoSanu, jo PVC sadaloties iztvaiko dazadas
bistamas vielas — ka HCI un dazadi dioksini, kas ir bistami apkartéjai videi. Lai nesaktos
materiala iztvaikoSana, apstrades jauda nedrikst parsniegt 9 (W) un atrums nedrikst biit zemaks
par 170 (mm/s).

7. Veicot PVC materiala apstradi ar lazeru, ir obligati janodrosina gazu atstici no
mark&Sanas vietas un So gazu filtréSana ar atbilstoSiem oglekla filtriem
8. Ta ka mark@sanas procesa no PVC materiala var iztvaikot HCI gaze, kas negativi

ietekme metala konstrukcijas un piedzinas elementus, nav ieticams lietot 1azeriekartas ar atklatu
(valgju) mehaniskas piedzinas sist€mu, vai ar1 tam javeic regularas papildus apkopes.

Pateiciba
Izsaku pateicibu par sniegto atbalstu un materialiem S§1 pétnieciska darba tapsSana:
Rézeknes Tehnologiju Akadémijai. Rézeknes Tehnologiju Akadémijas, Inzenieru Fakultates,
Fizikalo procesu un lazertehnologiju p&tnieciskajam centram.
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LOGISTIKAS RATINI

LOGISTIC CART
Autori: Martin§ Ruskulis, e-pasts: martins.ruskulis@gmail.com, 27197764
Emils Kucins, e-pasts: emils.kucins@gmail.com, 29355387
Zinatniska darba vaditajs: Andris Martinovs, Dr.sc.ing., e-pasts: andris.martinovs@rta.lv
Rézeknes Tehnologiju akadémija, Atbrivosanas aleja 115, Rézekne, LV-4601, Latvija

Abstract. Project of the logistic cart allows the number of companies to develop the efficiency and
productivity of their work following the tendencies and development of the global technologies. Using such
logistic carts in industrial warehouses and in distributions centres enable entrepreneurs to save money and
other resources that they otherwise need to spend on many employees that do their work manually. Such logistic
carts would be beneficial for producers and shops that have a great variety of products and raw materials in
warehouses. Such product in Europe has great attention and has good sales but in Latvia we don’t have any
companies that produce logistic carts so the geographical position of the country allows to expand the markets
in Russia and other Baltic countries, as logistic carts there are not widely used and produced.

Keywords: distribution center, global technologies, logistic cart, shop, warehouse

levads

Tagad vairak ka jebkad agrak uznémumiem ir lielaka vajadziba uzlabot efektivitati un
palielinat produktivitates limeni. IevieSot logistikas ratinus un mobilas riipniecibas darbstacijas
noliktavas, izplatiSanas centros, uzn€mumos, var ietaupit tiikstoSiem eiro gada.

Izmantojot mobilos, ar akumulatoru darbinamos ratinus, var izslégt nevajadzigas
pastaigas starp piestatni un datora galdu ar printeri. Izmantot logistikas ratinus nozimé novérst
licku darbinieku staigaSanu, atstajot vairak laika stradasanai, darbstacijas visu laiku paliek pie
operatora, palielina pienemto un izsiitito precu precizitati, samazina nepareizu mark&jumu un
nepareizu inventara skaitu, nodro$ina nepartrauktu piekluvi reala laika datu un biznesa
informacijai.

Materiali un metodes

Pé&tamais objekts tika reali uzprojektéts un samontéts Rézeknes Tehnologiju akadémija,
ka arT autors projektesanas laika ir izp€tijis daudzus interneta resursu.

Logistikas ratini sastav no pasu dizainétiem ratiniem, kas domati vieglai aprikojuma
parvietoSanai. Ratinu izmeéri ir 680 x 740 x 1303mm. Korpusa pamata tiek izmantoti 30 x 60
aluminija profili ar kop&jo garumu 7,20 metri, tris sametinati kvadrat profili 100 x 100mm, kur
divu profilu garums ir 680mm un viena ir 720mm, ka art no divam salocitam blekém. Ratinu
parvietoSanai tiek izmantoti Cetri riteni ar bremzi. Akumulatora, invertera un ladétaja kaste,
sastav no astonam salocitam blekes loksném un Cetriem riteniem, lai akumulatora kasti varétu
atseviski atvienot no ratiniem. Ratiniem komplekta ir divas akumulatora, invertera un ladétaja
kastes. Viss kopa stiprinasies ar M4 skrivém.

1. tabula
Logistikas ratinu projektéSana pielietotas komponentes un to apraksts [autoru veidots]
Komponente Komponentes
apraksts

Visas aparatiiras darbibu nodrosina iebtivéts SBL 80 — 12i
80Ah svina skabes 12V akumulators, kuru ir iesp&jams
nomainit. Komplekta nak divi akumulatori. Viena akumulatora
Akumulators darbibas laiks ir rékinats uz 12 stundam pie vienas uzlades
reizes. [1]

http://dx.doi.org/10.17770/het2017.21.3564
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Dators

Pietiekosi jaudigs apstradat printera un noliktavas sist€mas
programmatiiru, lai biitu pietiekosi daudz iebuiveétas atminas, lai
pietiktu USB portu svitrkoda skenerim, pelei un klaviaturai,
printerim, lai biitu HDMI ieeja priek§ datora monitora un biitu
kompakts.

Piemérots ir INTEL NUC KIT BOXNUC5PGYHOAJ dators,
kura izmériir 115 x 111 x 51,6mm. [2]

Uzlimju printeris

DYMO LabelWriter 450 Turbo printeris ir pietiekami
uzticams, lai izmantotu, drukatu aplok$nu uzlimes biznesa
vajadzibam un lieliem organiz€$anas uzdevumiem, tadiem ka
noliktavas uz kastem. Tas sp€j printét ar atrumu lidz 71 etiketei
minite, un nav jauztraucas par tintes pirksSanu, jo tas izmanto
termodruku nevis tinti. Printeris ar saviem izmé&riem (127 x 187
x 134mm) labi iederas uz logistikas ratiniem, jo aiznem maz
vietas, vienlaikus nodros$inot labu print€Sanas kvalitati
pateicoties ta 600 uz 300 dpi izSkirtsp&jai. [3]

Monitors

Ekrana izmérs (vismaz 19 collas) un, lai to biitu iesp&jams
piestiprinat pie ratinu korpusa. Ideala gadijuma biitu izveleties
skarienjutigu ekranu. Piemerots ir Dell firmas 22 collu
monitors. Sis monitors ir ergonomisks un uz darba virsmas var
apskatit uzreiz vairak informacijas. [4]

Svitrkoda skeneris

Lé&ts, parocigs, spgj izturet kritienu no 1.8m liela augstuma,
dators to sp&j uztvert pat 200m attaluma, skanera akumulators
800mA nodrosina ilgu darbibas laiku bez uzlades, sp&j dekodét
vairak ka 14 kodu tipus un lazera staram ir Nacionala drosibas
standarta klase 2. [5]

Inverters

Veicot citu firmu logistikas ratinu izpgti, tika secinats, ka
vislabak ir izmantot 1500W inverteru, jo pie $1s jaudas nav
stravas zudumu, ja ir pieslégts monitors, dators un printeris.
Latvija vislabakais atrodamais inverters ir MeanWell A301 —
1K7 — F3. Invertera gabarfti ir diezgan lieli (455 x 210 x
90mm) un svars sasniedz 5.5kg, toties tas ar savu jaudu
nodroSina visas aparattras darbibu un tam ir ari LED
indikators, tas dod signalu, ja akumulatoram ir zems uzlades
Iimenis. [6]

Akumulatora ladetajs

Akumulatora 1adétaja uzdevums ir uzladet izladéjusos
akumulatoru pie parastas mainstravas rozetes, kamér darbs tiek
turpinats ar rezerves akumulatoru. Ta ka ratinos tiek izmantoti
litija jonu akumulatori, 1adétajam jasp€j ladet svina skabes vai
litija jonu akumulatorus. Izvelets ir MeanWell firmas 300W
vienas izejas ladétajs prieks 12V akumulatoriem. Siem
ladétajiem ir zema cena un augsta uzticamiba. [7]

Wi-Fi adapteris

Taka logistikas ratini ir parvietojmama iekarta, ratinu
parvietoSanas lielakai ertibai tika izvelets TP-LINK TL-
WN725N bezvadu USB adapteris. Kur§ laus datoram piekluvi
pie lokala tikla un noliktavu datubazem. [§]

Datorpele un klaviatuara

Datorpele un kalviatiira tiek izmantota, lai ertak tiktu veiktas
darbibas ar datoru. Tika izvéléta bezvadu datorpele un
kaviatiira, lai biitu to €rtaka lietoSana. [9]
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Lai vieglak varétu saprast logistikas ratinu uzbiivi un komponensu savienojamibu, tika
izveidota logistikas ratinu elektroniska blokshéma, izmantojot ProfiCAD datorprogrammatiiru,
ka metode labakai logistikas ratinu darbibas izpratnei.

L —] D+12v +12vE] D~230v
N—] pB300P-12 [12v AT A301IKTF3 N |
G—] [ ll [
-12vl L i
= £ 0 EE
. . || WIF
Akumulators Skaneris PC Monitors | (Printeris| | adapter

L

1.att. Logistikas ratinu elektriska blokshéma [autoru veidots]

Shéma ir paradits Mean well PB-300P-12 akumulatora ladétajs, pats SBL 80-12i
akumulators, Mean well A301 1K7 F3 invertors, BAR koda skeneris, dators Intel Nuc Kit,
monitors DELL P2213, uzlimju printeris DYMO LabelWriter 450 Turbo un TP-LINK TL-
WN725N Wi-Fi adapteris. PB-300P-12 akumulatora ladétajs barojas no 230V 60Hz
mainsprieguma. Ladetaja izeja ir iespéjama lidzstrava lidz 14.4V. Sis spriegums ir domats
akumulatora uzladei un invertora baroSanai. Akumulatoru savieno ar PB-300P-12 ladétaju.
Paraléli ar1 pievieno A301 1K7 F3 invertoru. A301 1K7 F3 invertors barojas no lidzstravas,
kuras diapazonas var but no 10V -15V. Inverots parveido lidzstravu mainstrava, invertora izeja
iegtistot 230V 50Hz mainspriegumu. Ar sadalitaj vadu paraléli savieno Intel Nuc Kit datoru,
DELL P2213 monitoru, DYMO LabelWriter 450 Turbo printeri un BAR koda skanera ladétaju,
lai nodrositatu to sekmigu darbibu. BAR koda skanerim kompleka ir ieklauta bezvadu
elektroniska ierice USB spraudna veida, komunikacijas nodro§inasanai ar skaneri. So USB
spraudni jaievieto viena no Intel Nuc Kit datora USB3.0 portiem. DYMO LabelWriter 450
Turbo printera komplektacija ir ieklauts USB2.0 savienotaj vads ar USB A un USB B
konektoriem. Ar So vadu jasavieno Intel Nuc Kit dators (USB3.0 A ports) ar DYMO
LabelWriter 450 Turbo printeri (USB2.0 B ports). TP-LINK TL-WN725N Wi-Fi adapteris ir
veidots arT ka USB spraudnis. Lai nodroSinatu Wi-Fi adaptera darbibu to ir jaievieto viena no
Intel Nuc Kit datora USB3.0 portiem. Lai nodrosinatu DELL P2213 monitora darbibu, tas ir
jasavieno ar datoru. Intel Nuc Kit datoram ir tikai HDMI video izeja, bet monitoram ir D-Sub

DVI un DisplayPort ieejas. Monitora komplektacija ir tikai savienotajvads ar HDMI
konektoriem. Tika nolemts iegadaties citu savienotajvadu ar nepiecieSamajiem konektoriem
(savienotajvads DVI — HDMI 1.8m). HDMI konektors jaievieto datora HDMI porta, bet DVI
konektors monitora DVI porta. HAMA RF 2300 kalviatiiraa un pele barojas no baterijam. Lai
nodroginatu klaviatiiras un peles darbiibu komplekta ir USB spraudnis. Sis USB spraujnis
jaievieto viena no Intel Nuc Kit datora USB3.0 portiem. Lai nodros$inatu papildus USB portus,
jasavieno dators un monitors ar USB savienotajvadu (USB2.0 A un USB2.0 B konektori). Tas
laus sekmigi izmantot divus USB2.0 portus pasa monitora.

Logistikas ratinu tehnologiska shema

Metode, ko pielietoja autors logistikas ratinu projekteéSana ir logistikas ratinu
tehnologiskas shémas izveide.
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Lai logistikas ratinus var€tu palaist razoSana ir nepiecieSams izveidot tehnologisko
shému, kura ir atspogulotas darbibas, darbibu seciba un daudzums, kas attélo logistikas ratinu
darbibas principu.

., S O

2.att. Logistikas ratinu shéma [autoru veidots]

2. tabula

Tehnologiskas shémas soli un tajos veicamas darbibas [autoru veidots]
Solis Veicama darbiba
1-2 | Logistikas ratinu projektésana (3D modela izveidosana,
ras€jumu izveidosana)
2-3 | Komponensu izvéle (izveleties saderigakas un
nepiecieSamakas komponentes)
—4 | Izejmaterialu iegade

5 | Metala detalu grieSana (p&c ras€jumiem ar lazera palidzibu
izgriezt detalas)
5-6 | Metala detalu apstradaSana (péc apstrade, aso malu
nolidzinaSana, izgriesto detalu lociSana atbilstoSi
rasgjumiem)
6 —7 | Detalu kraso$ana
7—-8 | Korpusa komplektéSana no metala detalam
8-9
9

Akumulatora uzstadiSana
—10 | Vadu instalacija

10 — 11 | Elektronikas uzstadiSana

11 -12 | Akumulatora pieslégSana

12 — 13 | Programmatiiras uzstadiSana
13 — 14 | Produkta testésana
14 — 15 | Produkta pardoSana

Noliktavas vadibas sistéma

Logistikas ratinu darbibai nepiecieSams izmantot noliktavas vadibas sisteému.
Noliktavas vadibas sistéma (NVS) ir programmatiira, kas paredzeta, lai atbalstitu noliktavas vai
izplatiSanas centra vadibu un personalu. Ta atvieglo vadibu ikdienas planoSana, organizéSana,
personala skaita kontroléSana, vadiSana un pieejamo izmantojamo resursu kontroléSana, lai
parvietotu un uzglabatu materialus noliktava un arpus tas, vienlaikus atbalstot darbiniekus,
veicot materiala apriti un uzglabasanu noliktava un ap to.

Noliktavu vadibas sist€mas galvenokart ir taktiskie instrumenti un tos izmanto
uznémumi, lai apmierinatu unikalo pircéju prasibas to piegades keédé un izplatiSanas kanalos,

196



RT 21. starptautiska studentu zinatniski praktiska konference
REZEKNES TEHNOLOGIIU AKADEMIIA Cilvéks. Vide. Tehnologijas

kad inventara un darba apjoms ir lielaks neka to var€tu apstradat manuali. Parasti motivacija
iegadaties nak no vajadzibas atbalstit pardosanas apjomu vai uzlabot sniegumu.

NVS izmanto datu bazes konfigurétas, lai atbalstitu noliktavu operacijas, kas ieklauj
detalas, aprakstot dazadus noliktavas elementu aprakstus ieklaujot: [10]

1. Individualas krajumu glabasanas vienibas, kuras tiek apstradatas un uzglabatas,
piemé&ram, svari, izméri, automatiskas ID uzlimes un inventars péc atrasanas vietas ar razotaja
datiem;

2. Noliktavu uzglabasanas vietas, piemé&ram, individualais atraSanas vietas
numurs, sanems$anas seciba, izmantoSanas veids, uzglabaSanas veids, uzglabasanas
ierobezojumi (viegli uzliesmojoss, bistams, augstas vertibas materials) u.c.;

3. Doku durvis, pieméram, individualais numurs;

4, Paredzamie darba raziguma raditaji ar funkciju, pieméram, cik kastes viens
cilvéks panem viena stunda.

Rezultati un to izvertéjums

ProjektéSanas ietvaros tika izrékinats, ka logistikas ratinu izbiivei nepiecieSams
akumulators, kura ietilpiba ir 80Ah. Lai nodroSinatu &rtu logistikas ratinu izmantoSanu reali,
tika noteikts, ka ir nepiecieSams vismaz 22 collu liels ekrans. Tika aprékinats, ka logistikas
ratinu izbuvei nepiecieSams 1500 W spécigs stravas invertors, kas lautu barot elektroniskas
ierices, kas nepiecieSams logistikas ratinu darbibai, piem&ram, datoru, skeneri, printeri,
monitoru.

Pie zinamiem aspektiem, ka izveleta datora ieejas strava ir 1.5A, monitora ieejas strava
arT ir 1.5A, bet printera ieejas strava ir 1.2A, skenera ieejas strava ir 0.5A un neparedzetiem
gadijumiem tiek pierékinata ari telefona ladetaja ieejas strava 0.3A, invertera efektivitates
koeficients ir 82%, bet prognozgetais ratinu darbibas laiks pie vienas akumulatora uzlades reizes
ir 12 stundas, projektéSanas laika tika veikti rezultativie aprékini. Péc formulas:

1)

kur C — akumulatora kapacitate, Ix — patéréjama strava, t — akumulatora paredzamais
darbibas laiks, k — invertera efektivitates koeficients var iegit

5%12
0,82

= 73,17 Ah

Drosibas rezerve tiek piepemta 7Ah, ka rezultata ratiniem tiek izmantots 80Ah
akumulators, kurs biis sp€jigs nodrosSinat visas aparatiiras darbibu uz paredzeto laiku.

Ja aprékina, ka visas ierices vienlaicigi pate€ré SA stravas un inverters parveido
spriegumu no 12V uz 230V, tad nepiecieSamo invertera jaudu var aprékinat péc formulas:

: @)

kur P — invertera nepiecieSama jauda, I — aparatiirai nepiecieSama strava, U — spriegums.
P =5*230=1150W
Lai ratini spetu stradat, kad visa aparatiira ir pievienota, ir nepiecieSams inverters ar
1150W lielu jaudu. Drosibas rezerve tiek nemta 350W.

Logistikas ratinu sastava tiek ieklauti pasu dizainéti ratini, kas domati vieglai
aprikojuma parvietoSanai. Logistikas ratinu izbGvei nepiecieSamas komponentes ir
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akumulators, inverters, dators, LED ekrans, barkoda skeneris, uzlimju printeris, Wi-Fi
adapteris, akumulatora 1adétajs, datorpele, klaviatiira un savienotajvadi.

3.att. Logistikas ratinu 3D modelis [autoru veidots]

Logistikas ratinu galvenais uzdevums ir jauno precu registréSana noliktavas sist€éma,
veco precu uzskaite un parbaude. Ratinu izmantoSanas viens no veidiem ir noliktava precu
sanemsSanas zona. Noliktavai tiek veikta precu vai izejmaterialu piegade.

Secinajumi

Ratini registré jaunas preces noliktavas sistéma, pieskirt tam bar kodus un norada
atraSanas vietu noliktava. V&l viens logistikas ratinu pielietojums ir precu vai izejmaterialu
izveSanas zona. Ratini sagatavotds preces noskené un precu skata izmainu fikse
datorprogramma. Ratinus var izmantot art faktiskas inventarizacijas laika pasa noliktava.

Eiropa lielas firmas ar lielu razoSanas apjomu logistikas ratini var but plasi izplatits
produkts, tau Latvija nav uznémumu, kas razo logistikas ratinus, tapéc Latvijai varétu but
potencials un noiets $ada produkta tirgli, ko nodrosinatu geografiskais stavoklis, Krievijas
tuvums un pieeja citam Baltijas valstim, jo tur §is produkts nav tik plasi izmantots un attistits.

Summary

Research results will show the possibilities of usage in warehouses and distribution
centres, but logistic cart project will allow the number of companies to develop the efficiency
and productivity of their work following the tendencies and development of the global
technologies.

In Europe In large companies with a large volume of production logistic cart can be
widely distributed product, but in Latvia there is not any company that produces such thing, so
Latvia could be a potential market that provides it thanks to the geographical position,
neighborhood of Russia and access to the other Baltic countries, where this product is not
widely used and developed.
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Abstract. Last dacade, the 3D printers got a lot of popularity. 3D printer is CNC machine, which can
create a physical three-dimensional objects. Digital light processing stereolithography (DLP) 3D printers uses
a UV laser to cure a polymer. It is carried out the advantages and disadvantages of a given type of 3D printing
technology.

Keywords: 3D DLP, 3D SLA, photopolimer, stereolithography, CAM, CAD

levads

3D drukaSana — ar pazistama ka seciga slanu audzeSana, kura dod iesp&ju, uz
specializétam CAD/CAM datorprogrammam, izveidot trisdimensionalus objektus un tos
parvérst par trisdimensionaliem, fiziskiem objektiem, kas ir sataustami. 3D drukaSanas
tehnologija ka tada, tika izgudrota astondesmitajos gados, bet reali to saka pielietot tikai dazus
gadus atpakal. 3D drukasanai ir liels potencials visas nozares, sakot no mazam
majsaimniecibam, lidz pat industrialai riipniecibai, jo 3D druka palidz ietaupit laiku un naudu,
jaunu prototipu izveidg.

Atskiriba no materiala mehaniskas apstrades tehnologijas, pieméram, virposanas vai
frézesanas, kur sagataves materialu apstrada, nonemot liekos slanus, lidz dabt vélamo objekta
formu, 3D drukasana izmanto slanu audzESanas tehnologiju, kas buivé objektu secigi pa
noteiktam slana biezumam, kas lauj taupit materialu, jo nepaliek lieka skaida, ka arT ekonomét
laiku un naudas izmaksas, viena vai vairaku prototipu izveidei.

3D printeri strauji sak paradities tirgi, bet par to veidiem nezin kurs katrs, tapec autoram
ir vélme iepazistinat ar vésturiski pirmo, izgudroto 3D drukas tehnologiju. ST raksta mérkis ir
iepazistinat ar 3D DLP printeri, ta konstruktivo risinajumu, kadus materialus izmanto, ka arT ar
ta priekSrocibam un to tritkumiem.

Materiali un metodes
Pé&tamais objekts tika reali uzprojektéts un samontéts Rézeknes Tehnologiju akadémija,
ka arT autors projektéSanas laika ir izpetijis daudzus interneta resursu, kuros tas sp€ja iepazities
ar 3D DLP galvenajam tehnologiskajam priekSrocibam un trikumiem.

Stereolitografija

Stereolitografija ir 3D drukasanas tehnologija, kas tiek izmantota lai veidotu
trisdimensionalus objektus, prototipus, modelus un produkcijai nepiecieSamas detalas, audzgjot
slanus, izmantojot fotopolimerizacijas procesu, kas UV gaismas staru ietekmé izraisa molekulu
savienoSanos kédes, veidojot polim&rus. Péc tam Sie poliméri veido trisdimensionalus cietus
kermenus.[1] Petnieciba Saja virziena tika veikta septindesmitajos gados, bet terminu izdomaja
Carlzs Halls (Charles Hull) 1986. gada, kad vin3 patentgja $o procesu. Péc tam vins izveidoja
“3D Systems Inc” lai komercializ&tu vina izgudroto patentu.[2][3]

Tehnologija
Stereolitografija ir slanu audzEéSanas tehnologijas process kas darbojas, fokusgjot
ultravioleto (UV) lazera staru uz $kidro fotopoliméru. Ar automatiskas razosanas palidzibu
(CAM - Computer aided manufacturing) vai programmnodro$inajumu prieks datora sisteémas
(CAD - Computer aided software), UV lazera stars tiek izmantots lai zim&tu, ieprieks

http://dx.doi.org/10.17770/het2017.21.3562
200


http://dx.doi.org/10.17770/het2017.21.3562

RTé 5 Hl | 21. starptautiska studentu zinatniski praktiska konference

REZERNES TEHNOLOGIU AKADEMIIA Cilveks. Vide. Tehnologijas

ieprogramm@tu Iiniju (kontiiru) uz noteiktas virsmas cietinot (polimerizgjot) fotopoliméru. Sis
process tiek atkartots prieks katra nakama slana, Iidz 3D objekts tiek pilniba pabeigts.[4][5][6]

Pirmais komercialais 3D printeris bija izveidots uz stereolitografijas tehnologijas bazes
(Stereolitography Apparatus — SLA), kuru izstradaja Carlzs Halls 1983. gada.[7]
Stereolitografijas printerim ir platforma, kuru gremde tvertné ar Skidro fotopolimé&ru (sk. 1. att).
Fokusetais UV lazera stars tiek vadits pa platformas virsmu (pa x un y asim), lai polimeriz&tu
3D objekta pirmo slani. Péc tam platforma nolaiZzas viena slana biezuma (z ass kustibas
virziend), un process atkartojas, tiklidz netiek izdrukats vélamais, trisdimensionalais objekts.[8]

Lazers —-)?

Lazera stars ————>/ | \

Drukajamais
objekts

Trauks
skidrumam

Platforma

Skidrais "
fotopolimérs Z ass kustiba

1.att. SLA 3D printera uzbiive un darbibas princips) [8]

3D DLP printeri darbojas péc tada pasa principa, ka SLA 3D printeri, tikai lazera vieta
tiek izmantots DLP projektors (sk. 2. att). DLP projektors izstaro UV statisku att€lu (slana
kontiiru), kuru ir nepiecie$ams izaudzet. Skidrais fotopolimérs vienmérigi sacietg, izstarotaja
vietd, kas lauj atri drukat nepiecieSamos trisdimensionalus objektus. Ka redzams 2.att,
platforma tiek gremdeta Iidz rezervuara dibenam (viena slana biezuma attaluma no stikla
virsmas), lai projektors sp&tu izgaismot pirmo slana konttira att€lu. Kad pirmais slanis ir
sacietgjis, tad projektors izslédzas. Tad z ass atrauj pirmo slani no rezervuara dibena (pavirzas
uz augsu pa z asi) un atkal iegremd@ platformu rezervuara dibena, lai varétu polimeriz&t nakamo
slani. S1 darbiba atkartojas, kamér netiek izdrukats vélamais objekts.[8]

Z ass kustibas virziens

1t

Skidrais
fotopolimérs Platforma
Rezervuars e
Drukajamais
objekts
Optiskais stikls > -
\ /
\ /
\

DLP projektora \
o yy|| — e - Atstarojoiais
attéla projekcija % Spogulis

3. DLP 3D printera uzbiive un darbibas princips) [8]
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Stereolitografijas 3D printeriem ir liels materialu skaits, ko tie var izmantot, ka ari tiem
ir plass pielietojums (sk. Tabula 1) [9].

1.tabula

Materiali

Ipasibas

Pielietojums/Nozares

VeroWhitePlus

Izturigs, stingrs ar
augstu izméru
precizitati

Pielietojams daudzas nozares, pieméram,
elektroiekartas, medicinas ieric€s, darba
galdos, ka sarezgitu mehanismu mezglos
u.c.

Digital ABS

Labaka siltuma
izturiba, neka
standarta ABS

Prototipu izveide, presformu izveidei,
razoSanas instrumenti, elektroiekartu
korpusi, izturigi prezentacijas modeli,
detalas priek$ dzingja, vacini

Fullcure RGD 720

Materials ar
caurspidigu un gludu
virsmu

Medicina, testéSanas caurskata detalam,
makslinieciska model€sana u.c.

Rigur RGD 450

Spilgti balts,

polipropiléna Ipasibas

Riipniecibas nozare, iepakojumi plasa
pat€rina precém, elektronika u.c.

Rubber-like material

Gumijas materials

Dazadi gumijas izstradajumi gumijas
blives, klaviatiiras, telefonu gumijas pogas,
sporta apavu zoles u.c.

Hight-temperature
material

Siltumizturigs
materials

Labs materials prieks testéSanas funkcijam,
pieméram, karsta idens vai gaisa pliisma
caurul€s

Bio-compatible
material

Caurspidigs, stingrs,
augsta izmeru
stabilitate, sterils

Ideals materials, kur$ nepiecieSams
kontaktam ar adu no (<24 stundam Iidz >30
dienam)

Dental material

Augsta precizitate un
izturiba, sterils

Tris tipu stomatologiskie materiali
(VeroDent, VeroDentPlus un VeroGlaze)

3D DLP/SLA prieksrocibas un trikumi
Katram 3D printera veidam ir savas priekSrocibas un trikumi, bet konkrétaja gadijuma,
tiks minéts tikai par stereolitografijas 3D printeru stipram un vajam pusém sk. (Tabula 2). [10]

2.tabula
Tehnologija Prieksrocibas Trakumi
Ir iespgjam drukat lielus | VeidojoSajai  struktiirai  nepiecieSams
SLA objektus ar sarezgitu geometriju | atbalsts, toksiski materiali, ir ierobezots
(1500%750x550mm),  augsta | izmantojamo materialu  skaits, I€ns
drukaSanas precizitate (>50um) | drukasanas atrums
VeidojoSajai  struktiirai  nepiecieSams
Atraks par SLA, VienkarSaka | atbalsts, toksiski materiali, ir ierobezots
DLP konstrukcija, augsta | izmantojamo materialu skaits, iesp&jams
drukasanas precizitate (>50um) | drukat tikai mazus objektus
(192x120%x230mm)

Rezultati un to izvertejums
Misdienas 3D printeri ir kluvusi par neatnemamu sastavdalu dazada veida nozarégs,
sakot no mazam majsaimniecibam, beidzot ar lielam raZzoSanas industrijam. Stereolitografijas
3D printeri spg drukat smalkus objektus ar lielu izskirtsp&ju, kas ir ideali piemérots smalku
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prototipu izveid€. Izp&tot un izvertgjot stereolitografijas 3D printeru iesp&jas, var secinat ka
tiem ir ar1 savas priekSrocibas un trilkumi. Neskatoties uz to, ka SLA 3D printeris spgj drukat
lielakus objektus, tom&r DLP 3D printeris ir daudz atraks un ta kontrakcija ir daudz vienkarsaka,
jo ir tikai viena kustiga z ass, un tiek izmantots parasts projektors, kas atbalsta DLP tehnologiju.
DLP 3D printera vienkarSas konstrukcijas del, tam ir vienkarsi veikt kalibraciju un tehnisko
apkopi.
Secinajumi

3D printeri izmainija razoSanas industriju, jo ar to palidzibu ir daudz vienkarsak, atrak
un Ietak veidot jaunus prototipus vai pat gatavas detalas. Stereolitografijas 3D printeri druka ar
augstu kvalitativi un atri, kas ir ideali piemérots biznesam, lai atri un vienkar$i veidotu
nepiecieSamos prototipus. Materialu skaits ir samé&ra plass un to pielietojums var biit dazads.
Neskatoties uz ta stipram pus€m, tome&r fotopolimeéru materiali ir toksiski. Stradajot ar $1 veida
3D printeriem, ir nepiecieSams lietot aizsargbrilles, kas absorbé UV gaismas starus.
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Abstract. The aim of the work is to analyze possibility to replace induction hardening process
with laserhardening process in production. In metalworking production to harden the parts of steel C45 is
used induction hardening method for the moment. In this work will be used experiments to show the
possibility to perform laserhardening with CO; laser and results should show how good the results gives
laserhardening to fulfil the requirements of hardening.

Keywords: CO; laser, hardening of steel C45, laserhardening, production processes.

Introduction

Nowadays, laser has become a new heat source for the same job as typical hardening
methods for example induction hardening.. Laser surface treatment can be applied in both
coating and hardening in the surface treatment fields; it has many advantages compared with
the traditional ways, such as smaller distortions and less post-process time.[1]

In last 10 years lasers became very significant in many branches of industry for example
metallurgical engineering, steel processing, engineering industry; aviation, power engineering,
automotive industry, mining engineering and drilling technology.[2]

One of the lasers’ proceses what are widely used is laser hardening. Laser hardening
comparing another competing methods as induction hardening, carburizing, flame hardening
has many of benefits.

Laser surface treatment is a very flexible process, because of the self-quench and easily
controlled laser power; it has been wildly used in automobile sectors and other industrial areas.
One important application is the laser hardening, which involves only a thermal effect on the
surface where a new structure with high hardness is obtained on the top surface. In most of
these applications, laser does not treat the complete surface of the components but rather small
local tracks. With a designed and delicate movement control system, laser hardening is suitable
for some components with complex geometry, i.e. edges, corners and holes.[3]

Laser hardening benefits are high scanning speed, self-quenching with no need of
external quenchants, low distortion of the workpiece, selectable area of treatment, less or no
post-treatment required, ease for computer control and low environmental impact.[4]

To perform right laser hardening for the parts and get needed results should be many of
parameters checked up what could impact the process. The laser hardening process can be
influenced by many factors. The effect of hardening basically depends on the material, laser
and processing parameters.

The surface hardness depends on the hardness of the martensite formed. To form
martensite, the material for laser hardening should typically contain at least around 0.05 wt%
carbon. The surface hardness generally increases linearly with the carbon content. [5]

The steel C45 has 0.5 % content of carbon what means that it is medium carbon steel.
The high content of carbon in steel C45 what is shown in table 1 means that steel is suitable for
laser hardening.

Table 1.

c Si Mn Ni P 5 Cr Mo

0.43-0.45 max 0.4 0.5-0.8 max 0.4 max 0.045 max 0.045 max 0.4 max 0.1

http://dx.doi.org/10.17770/het2017.21.3565
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The geometry of the workpiece affects the heat flow distribution. As an empirical rule,
the thickness of the workpiece should be at least ten times of the desired hardened depth so that
the self-quenching can occur without significant bulk heating. The rule that the thickness of the
workpiece should be at least ten times of desired hardened depth (for self-quenching process
important) is noticed because the thickness of “Carrier” part what is analysed in the place where
hardening should be perfomed is 28 & 0.1 mm but desired maxium of hardness depth is 0.3 mm.

The “Carrier” material is quenched & tempered with following mechanical properties:
tensile strenght Rm = 700 — 900 Mpa. This means that this type of material is very suitable for
hardening proceses.

Surface max. roughness on the surfaces what should be hardened is Rz = 16, but results
in production shows that after turning operation max. Rz = 7. So the hardening needed surface
roughness is very small and it will give some impact to hardening proceses.

As different kinds of steels absorb CO2 laser beam radiation with quite a low efficiency
(around 2-5%), traditional CO2 laser hardening of steel requires surface coating before the
treatment to increase the absorption of laser energy. [6]

Laser power density against beam interaction time is very important to perform laser
hardening. The laser power density used in laser hardening is usually around 103 -105 W/cm?,
which is relatively low among laser processes.

The traverse speed strongly affects the time of laser irradiation received by the material.
Laser power density in an order of 103 -105 W/cm? with a typical interaction time of 0.1-0.3
seconds can produce martensite structure in steel. As the beam length in the traverse direction
is determined by required laser power density and the track width, the traverse speed can be
calculated by dividing the beam length with the interaction time. The traverse speed is normally
the parameter that is fine-tuned to optimize the process in order to obtain the required hardened
depth and degree of homogenization.

In this paper there is taken production case of real existing metal working production
company what supplies components such us shafts and gears for automotive customers.

Company produces part “Carrier” and in the production process one of the customer
requirements is that part should have definite hardness in particular depth for concreate places
on part. So there is hardening needed as one of part production steps.

The hardening requirements for part “Carrier” is:

- 350 — 600 HV (Vickers)

- Rht (hardening depth) 0.03 — 0.3 mm.

The width of surface on one side of part is 9 mm and on second side of part the width
what needs hardening is 14 mm, shown in Fig1.
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L

Fig 1. Drawing of part with hardening requirements

effectiveness of laser hardening.

Materials and methods
COz laser CHANXAN CW-1325 with max. power 150W and laser beam shape - Gauss
was used to perform laserhardening for steel C45 and 7 experiments were done to see the

There was laser scanning used to run the tests. 3 parameters of laser process were used:
power, laser scanning rate and feed rate. The combination of mentioned 3 parameters in every
of experiments is given in table 1.

Number of Scanning speed, | Feed rate,
X Power, W 2
experiment mm/s mme</s
1. 23 20 0.01
2. 23 40 0.01
3. 23 60 0.01
4. 30 40 0.01
5. 60 40 0.01
6. 30 20 0.01
7. 30 60 0.01
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The power of laser was used not fully because using power more then 60 W the
engrawing process was started what means that surface of workpiece has been destroyed what
is not acceptable for production.

Experiments were carried out at temperature 20 °C in the room and temperature of
workpiece was 19 °C. Measured temperature in the process time on the workpiece was over
500 °C. The hardness of material of workpiece is 260 HV or 26 HRC.

Results
To examinate the results after experiments there was used Microhardness measurer -
Qness Q30A. HV 0.1 was used as a method to evaluate microhardness. After the examination
of all 7 experiments on microhardness measurer the best results have eksperiments 2; 5 and 7.
The results of mentioned three exsperiments give the best results thatsway is also
analysed forward. The results of experiment 2 is shown in Fig 2.

600 1
800+ *
¥

400 +

200 +

100 +

mm
014 Q.95 018 0.20

Nbr Hardness Method X - Position Y - Position
1 470 HV 0.1 0,02 0,00
2 514 HV 0.1 0,03 0,03
3 300 HV 0.1 0,06 0,00
4 329 HV 0.1 0,08 0,03
5 305 HV 0.1 0,10 0,00

Fig 2. Results of experiment No 2
According to the experiment number 2 results we see that highest reached hardness is
514 HV in depth 0.03 mm. But total hardness depth is 0.1 mm.
The results of experiment 5 is shown in Fig 3.
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Mbr Hardness Method X - Position ¥ - Position
1 s HW 0.1 0,02 0,00
2 444 HWV 0.1 0,03 0,03
3 495 HV 0.1 0,06 0,00
4 512 HWV 0.1 0,08 0,03
5 419 HV 0.1 0,10 0,00
5] 310 HW 0.1 0,12 0,03
7 288 HV 0.1 0,14 0,00
g 308 HW 0.1 0,16 0,03
9 273 HWV 0.1 0,18 0,00

Fig 3. Results of experiment No 5

According to the experiment number 5 results we see that highest hardness is 512 HV
in depth 0.08 mm. But total hardness depth is 0.18 mm.

Results of experiment number 5 show that microhardness is achieved deeper than in
second experiment however the results of hardness is just 273 HV in the last point of achieved
hardness in material.

The results of experiment 7 is shown in Fig 4.

WA

Mbr Hardness Method X - Position ¥ - Position
1 499 HWV 0.1 0,02 0,00
2 567 HWV 0.1 0,03 0,03
3 329 HWV 0.1 0,06 0,00
4 308 HWV 0.1 0,08 0,03
5 297 HWV 0.1 0,10 0,00
B 282 HWV 0.1 0,12 0,03
7 291 HWV 0.1 0,14 0,00
g 307 HWV 0.1 0,18 0,03
9 7T HWV 0.1 0,18 0,00

Fig 4. Results of experiment No 7
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According to the experiment number 7 results we see that highest hardness is 567 HV
in depth 0.03 mm. But total hardness depth is 0.18 mm.

As in fifth experiment also in seventh experiment the microhardness is achieved in the
same depth — 0.18 mm but hardness is still very low — just 277 HV.

From all exsperiments conlusion is that with highest in this case 60 W pover and highest
scanning speed 40 mm/s is possible to get the best results of laser hardening in concreate case.

Although the best exsperiments shows that it is possible to to achieve the hardness on
steel C45 with CO- laser which max power is 150 W but still the hardness is low in some
hardening points. The requirements 350 — 600 HV and hardening depth 0.03-0.3 mm can be
achieved but good results are not in all depths. And best results (experiment No 5) showed that
with power 60 W and scanning speed 40 mm/s is possible to achieve hardness 512HV and
hardening depth 0.18 mm however in the both tolerances (hardness and hardening depth) are
only 4 points from measured 9. But still fifth experiment shows that this is possible to get
hardness in required depth with used laser and parameters, however thre is no continual results.

Summary
Laserhardening is widely used in many industries and laserhardening of steel C45 is
common occurrence. The experiments show that it is possible to harden the steel C45 with CO>
laser however results was not continual good but showed that used laser with choosen
parameters is suitable to achieve the requirements what are stated in the drawing.
Using CO: laser and process parameters: power 60 W, scanning speed 40 mm/s and feed
rate 0.01 mm?/s is possible to achieve very good result — hardness 512 HV in depht 0.08 mm.
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Abstract. In this paper, we solve the problem of perturbation of an incompressible viscous fluid
caused by the motion of an infinite cone in the direction of the axis of symmetry. The method involves the
introduction of a harmonic current function. The Navier-Stokes equations with the incompressibility
equation reduces to a system of ordinary differential equations.

Keywords: Navier-Stokes equations, incompressible viscous fluid.

Introduction

Let us consider the motion of an infinite cone of revolution in the direction of the axis
of symmetry. Let U speed of movement of the cone, 2« Is the angle at its vertex. The problem
consists in finding the velocity field characterizing the perturbation of an incompressible
viscous fluid, caused by the motion of the cone.

There are many approaches to solving boundary-value problems for the Navier-Stokes
equations. Two-dimensional problems are considered on a complex field. In spatial problems,
the solution is sought in a previously undefined form. The success of such a search largely
depends on the professionalism of the researcher. The numerical solution has an applied
meaning. [3, 4]

Description of the method
For the incompressible viscous fluid, the Navier-Stokes system of equations has the
form:

ov 1 -
—=—(-V)o+VAo—-—Vp+ f,

V-0 =0,

where the second equation is called the incompressibility condition. From equation (1)
N.E. Cochin obtained an equation, later called the generalized Helmholtz equation [1, p.404]:

%+(D'V)é—(f)~V)ﬁ=vAﬁ, 2

where Q =V x5 .
We satisfy the equation of incompressibility by introducing the vector stream function:

5=VxV¥. ©)
Such an action will make sense in those cases when at least two components of the

velocity vector are not identically equal to zero. In other conditions, it is necessary to solve the
task in another way.
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Let us consider in detail the function of the current ¥ Is determined to within Ve,
where ¢ - arbitrary scalar function, it can always be assumed that
V¥ =0. (4)

Really
Y=Y, +Vg;, V¥ =VY¥, +Aop,

choosing ¢ so that Ag = —V'P, obtain (4).
In view of what has been said

Q=Vx0=VxVx¥=V(V-¥)-AVY,
Considering (4)
Q=-AY. (%)
Now, if we assume that ¥ - harmonic function,
AY =0, (6)

Then the generalized Helmholtz equation (2) will be satisfied. If we find a solution of
the Laplace equation for a vector stream function that satisfies the boundary conditions of the
hydrodynamic problem of incompressible viscous fluid, then the velocity field is found from
(3). From (6), after simple transformations, we have

Vx(AY)=A0=0. (7

We form the boundary conditions (external problem)

{v x ‘PLA —G(P),P € 4A, @

where A - the area filled with fluid, 0A - he boundary of this region, G(P)- Is the

velocity of the liquid at the boundary of the surface under consideration, U - Is the velocity of
a steady flow of a liquid.

In view of the uniqueness theorem for the solution of boundary value problems (8) for
the system of partial differential equations (6), the solution obtained in the form (3) is unique.

The solution of the problem

Consider a spherical coordinate system with origin at the vertex of the cone. Then the
boundary conditions have the form:

Ur| =-Ucosa; UH|6:a =Usina; v, = 0. 9)

O=a =a
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Because the equation is symmetricin ¢: ai =0;v,=0.
Q

Assuming ¥ (0,0, ¥, (r,0)) , we obtain from (17) the velocity components (the first two
components are zero to satisfy v, =0):

oY
:1 ¢,+cot9‘{,;
r oo r°

r

1
v, VY (10)
v, =—-———-—",

’ or r

Since the boundary conditions do not contain r, we seek solutions in the form
¥, =r-f(9). (11)

Substituting (11) into (9) we obtain:

f"+ f'cotd+2f =0. (12)

Thus, the problem is reduced to the search for a solution of a second-order linear
differential equation. By means of the theory of ordinary differential equation we obtain the
following result:

f(0) = Acos 6 + B(l—cosé’-ln cotg). (13)
Then satisfying (9), we obtain:

A= —Esin aln cotg;
2 2

(14)
B= —Esin a.
2
In this way f (@) Is determined from the relations (13) and (14).
Let us find the velocity components:
, 1 0
v, =1+ fcotd =——| Acos26 + 2B cos & — Bcos26In cot— |;
sin 8 2
(15)

v, =-2f =-2Acos@ - 28[1— cosédlIn cotgj;
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(16)

Thus, the velocity field is determined by the relations (16) with, which is the solution

of the initial problem.

Conclusions

The main advantage of this method is that the problem reduces to solving a system of
linear partial differential equations, and from theory it is known that a solution always exists,
and the only one. Very often such a system does not have solutions in elementary functions, or,
if it does, obtaining such expressions strongly depends on the professionalism of the decider. In
any case, this is a strong simplification, and indeed, the indicated problem (3), (6), (8) from the
point of view of approximate calculations has less complexity.

Attachment

To facilitate the reading of the article, the expressions for differential operators in
spherical coordinates are given below. Components of the vector Laplace operator of the

function [2]:

4

) aAj
— |+
or

where AA = ii

r’ or

g

(AY), =AY,

(AP), =AY, -

29 2 0¥, 2%, ov,

r> r*> o060 r? r’sin @ o

2 0¥, ¥, 2cosf oY,
- - :

r’ 60 r’sin’@ r*sin’é@ og

Y, 2 0¥, 2cosf Y,

r’sin’6 r’sin’@ op r’sin’6 op

1 o(. ,0A 1 2%A
SN0 — |+ 55—
resin @ 00 00) r°sin“6@op

A7)

And the components of the velocity vector 5 =V x ¥ have the form:

o

solutions. (in Russian) 2010.

1

~ I,

"~ rsin e{ae (¥,sin 6) o }
1 9%, 10

" rsin @ g (r\P"’)

ror
L {i(r‘P
or

oY,
Bibliography

r

Uy

)

L =
7 r 00
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(18)
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Philological high school education traditionally involves working with numerous
literary sources. Some educational resources, such as dictionaries, are well-structured, which
allows them to be translated into electronic form. For the learning process, the most promising
form is a web site that provides broad resource availability, a user-friendly interface with the
learner, the possibility of feedback, and effective mechanisms for information retrieval.

The aim of the work is the creation of a specialized site dedicated to the electronic
version of the linguistic encyclopaedic dictionary “"Russian language from A to Z" [1].

Published in the book format, the dictionary contains an interpretation of more than
1300 linguistic terms and concepts related to the field of linguistics. A dictionary, compiled on
the basis of the school course of the Russian language and basic university disciplines, reflects
the most relevant concepts of linguistic science. The disclosure of the content of linguistic
concepts is conducted in an explanatory vein, which makes available an understanding of
linguistic phenomena for the layman. The author of the dictionary focuses on discussion issues,
controversial points of view existing in school and scientific grammar.

The site's software is built using the modern object-oriented php-framework Yii [2],
based on the Model-View-Controller (MVC) design pattern, which allows you to split the
presentation of data, processing and displaying it.

The articles of the dictionary are structured according to their subject matter and,
traditionally, by the first letter of the dictionary word. Each article contains a list of terms used
in it, which leads to additional opportunities to find the necessary information. Finally, the site
also organizes a full-text search based on Lucene technology [3].

To each dictionary article it is possible to attach a file containing educational or
illustrative material: diagrams, presentations, photographs, videos, texts.

Interactivity of the electronic resource is provided by the ability to comment (pre-
moderated) articles, as well as placing links to them in popular social networks.

The appearance in the resource base of the Pskov State University of a website devoted
to the native language fulfills a set of tasks - both narrowly educational and general educational.
The electronic resource makes it possible to attract attention to the language itself, to combine
the professional interests of university teachers and Russian school teachers, and also to bring
together school and university youth in its interest in maintaining the prestige of their native
language.

The site is located at: http://www.pskgu.ru/rusdict/

The report shows the experience of creating a philological electronic educational
resource using Internet technologies. Describes the resource creation tools used by the authors.
The advantages of using the electronic resource in the educational environment are compared
with the traditional approach.
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Abstract: Proposed research is completed to view the data computing capabilities with CUDA
technology and video card options. The goal of work is to compare task execution speed using the CPU and
CUDA technology.

Research study concluded that the use of CUDA technology in certain tasks can improve execution
time and save system resources. CUDA technology uses the graphic processor (GPU) parallel architecture that
allows a large number of tasks to be solved simultaneously and independently of each other.

Keywords: CUDA technology, computing operations, data operations, graphics processor

levads

Katrs jaunais atklajums informacijas tehnologiju sféra paver iesp&jas uz jauniem un
iepriek§ neredz€tiem problému risinajumiem un gatavo risinajumu optimizaciju. Viens no
problému risinajuma un optimizacijas veidiem ir paraléla programmesana.

Paraléla programmesana lauj izmantot datora arhitektiiras sadalijumu un iespgjas,
piem@ram, ar vairaku kodolu procesoriem. Tas principa pamata ir pienémums, ka katru
problému un uzdevumu var sadalit mazas, neatkarigas dalinas. Sis programmésanas veids tiek
izmantots, lai apstradatu datus ar video kartes grafisko procesoru ar dazadu tehnologiju,
pieméram, ar CUDA tehnologijas palidzibu. Datu apstrade ar videokarti lauj ieekonomét
centrala procesora resursus un paatrinat darba izpildi.

Darba merkis ir salidzinat uzdevuma veikSanas atrumu, izmantojot centralo procesoru
un CUDA tehnologiju.

Lai sasniegtu mérki tika izvirziti $adi uzdevumi:

1. Izpetit grafiska procesora biitibu un ta pielietoSanas iespéjas.

2. Izpétit CUDA tehnologiju un salidzinat to ar citam lidzigam tehnologijam.

3. Realizeét algoritmu, kas apstrada masivu, izmantojot centralo procesoru un
grafisko procesoru ar CUDA tehnologijam.

4. Salidzinat abus algoritmus péc izpildes atruma (izpildes laika).

Pétijuma metodes:

1. AprakstoSa jeb monografiska: literatiiras analize, lai izpétitu paral€lo
programmésanu, grafisko procesoru un CUDA tehnologijas iespgjas.

2. Kvantitativa: tiek eksperimentali salidzinats uzdevuma veikSanas atrumu péc

izpildes laika, izmantojot centralo procesoru un CUDA tehnologiju.
Hipoteze : skaitloSanas operacijas tiks paveiktas 1saka laika perioda, izmantojot CUDA
tehnologiju, neka izmantojot centralo procesoru.

2.Grafiskais procesors
2.1.Grafiska procesora prieksrocibas un trakumi
Grafiskie procesori jeb GPU (Graphical Processing Unit) ir speciala mikroshéma, kas
ir paredzgta taisit sareZgitus matematiskus aprékinus, paredz&tus pirmkart grafikas renderéSanai
[1]. Grafiskie procesori sastav no vairakiem simtiem kodolu, kas var vienlaicigi izpildit simtiem
datu apstrades noriSu un tie ir optimizeti darbam ar att€liem un grafiku [2].
Grafiskais procesors ir vairak orientéts uz daudzu darbibu veikSanu sekundg€, bet
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centralais procesors mégina samazinat laiku viena uzdevuma veikSanai jeb cik ilgi uzdevums
tiek veikts sekund@s [3]. Grafisko procsoru var izmantot vispargjiem uzdevumiem jeb GPGPU
(General-purpose computing on graphics processing units). Tomér, lai kontrolétu GPU darbibu
un veiktu unikalas instrukcijas, ir jaizmanto papildus tehnologijas kas lauj instruktét grafisko
procesoru par veicamajam darbibam [4].

3. Paraléla programmeésana
3.1. Grafiska procesora paralélas programmeé$anas principi
Paralela programmesana ietver sevi paral€las skaitloSanas izmantoSanu problému
risinaSana, kura uzdevumi tiek sadaliti vairakas smalkas dalas, kuras tiek atrisinatas atseviski
un vienlaicigi, no kuram tiek iegiits rezultats [5]. Paral€las programmeéSanas piemers ir redzams
1.attela:

Cikis 4
<
_i; Udewms 1 ' Ldauns 2 Ledswes 3
<
- ]
0 |
= ' Ledeuns 1 iedavurs 2 g 3 J
'3
O [ 7
»
= (edaues 1 lodawns 2 | todewms3
P
< \—

1.att. Konveijera sistemas darbiba

4. CUDA tehnologija
4.1 CUDA tehnologiju attistiba un pielietojums

CUDA (Compute Unified Device Architecture) ir aplikaciju programméSanas vide
(API), kura tika izstradata kompanija NVIDIA, kura ari razo grafiskos procesorus un
videokartes. Nvidia par savu CUDA tehnologiju pazinoja 2006. gada novembri. Citas
konkurgjosas tehnologijas ir OpenGL, OpenCL, OpenMP, Direct3D, DirectCompute [6].

Meteorologija ar grafiska procesora palidzibu tika samazinats laiks Iidz pat 20%, lai
paregotu laikapstaklus dazadiem apvidiem ar simulaciju un datu apstrades palidzibu [7]. NATO
izmanto zemidens izpétes talvadibas ierices, kuras izmanto grafiskos procesorus, lai tas
palidzetu analizet apkarti un novérot bistamus objektus un minas [8]. Videonovéro$ana tiek
izmantoti grafiskie procesori ar CUDA tehnologiju [9].

5. CUDA tehnologiju salidzinajums ar procesora iespéja
5.1. Materiali un metodes

Pétnieciskaja dala tiks salidzinats noteikta uzdevuma izpildes atrums, izmantojot
centralo procesoru (CPU) vai grafisko procesoru ar CUDA tehnologiju. Uzdevums ir dotajam
skaitlu masivam ar elementiem no 0 lidz noteiktam skaitlim N aprékinat kvadrata pakapes
kapinajumu, dalfjumu paSam ar sevi un izvadit to. Precizitates labad, abi kodi tiks veikti
dazados projektos. Netiks mérits visa algoritma izpildes laiks, bet tikai kapinasanas laiks, jo
masivu saglabasanas un izvades metodes krasi atSkiras parastaja koda un CUDA koda.

Test&jot CUDA tehnologiju tiks izmantots gan centralais procesors, gan videokarte.
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Centralais procesors laus izveidot mainigos, saglabat un atveélét atminu, un beigas izvadit
rezultatus uz ekrana. Aritmétisko dalu paveiks grafiskais procesors ar vairakiem simtiem
kodolu. Programmas darbiba, grafiskaja procesora vienlaikus darbosies N skaits kodolu, kuri
vienlaicigi aprékinas rezultatu. Tad rezultati tiks apkopoti un parkopéti uz CPU atminu.

5.2.Rezultati un rezultatu analize
CPU un CUDA katram 8 testi ar masiviem ar izm&riem 5000, 7500, 10000, 15000,
25000, 50000, 75000,100000. Katras programmas rezultatus jeb noteikta segmenta izpildes
laiks tika saglabats un apkopots tabula.
Pirmais tests notika, izmantojot tikai centralo procesoru. Otraja testa tikai izmantota
CUDA tehnologija. Vidgjie rezultati ir redzami 2.attéla un tabula 5.1.

5.1.tabula
Laiks (ms) Laiks (ms)
Izmérs | CPU CUDA | Izmérs CPU CUDA
5000 1.00 0.37 25000 15.00 0.39
7500 1.00 0.37 50000 16.00 0.40
10000 1.00 0.38 75000 16.00 0.40
15000 1.00 0.38 100000 31.00 0.40
Izpildes laiki
35
30
25
20
g
15
10
5
0 | [— | J— | [— | [— — — — —
5000 7500 10000 15000 25000 50000 75000 100000

masiva izmeri
HCPU mCUDA

2.att. Testu rezultati

P&éc datiem var spriest, ka grafiskais procesors izpilda savu uzdevumu atrak, neatkarigi
no masiva izméra. GPU izpildes atrumu parak stipri neietekmé masiva izméri, jo kerneli
uzdevumus veic vienlaicigi un izmantoto kernelu skaits neietekmé kop€ja darba ilgumu.
Centralais procesors ar darbu tika gala daudz lénak un ta atrumu stipri ietekm&ja masiva izmeri.

Secinajumi
Grafiska procesora biitibas un pielietoSanas izpé€te lava secinat, ka miisdienas grafisko
procesoru izmanto ne tikai, lai izvaditu un apstradatu att€lus, grafikas vai animacijas, bet art
datu analizé, apstrade un citas skaitlofanas operacijas. Sadas iespéjas sniedz dazadas
tehnologijas, kuras atlauj izmantot grafisko procesoru paralélo arhitektiiru.
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CUDA tehnologija ir izstradata kompanija Nvidia , un paredzeta, lai sniegtu iesp&ju
apstradat skaitlosanas operacijas ar Nvidia razotam videokarteém. CUDA tehnologijai ir daudzas
prieksrocibas skaitloSana un izmantoSana, neka citam tehnologijam, tomér tas nav tik plasi
izmantojamas, jo der tikai noteiktam videokartem.

Veicot praktisku eksperimentu, kura salidzinats programmas skaitloSanas dalas izpildes
laiks starp centralo procesoru un grafisko karti, izmantojot CUDA tehnologiju. Katra no testiem
ar attiecigo skaitlu skaitu, kapinasanas un daliSanas operacijas atrak tika veiktas ar CUDA
tehnologiju. Palielinot skaitloSanas operaciju skaitu un masiva elementu daudzumu, centrala
procesora darbibu izpildes laiks paildzinajas. Savukart, CUDA tehnologiju elementu izmainas
krasi neietekmgja.

Visi darba uzdevumi tika paveikti un darba mérkis ir sasniegts. Tika pieradits, ka
izmantojot CUDA tehnologiju, skaitlosanas operacijas tika paveiktas atrak, neka ar centralo
procesoru.
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ANALYSIS OF CONTACTLESS RADIO FREQUENCY IDENTIFICATION
TECHNOLOGIES AND ITS USAGE IN REZEKNE CITY INFRASTRUCTURE
OBJECTS
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Abstract. Author made the analysis of usage of contactless radio frequency identification
technologies in Rezekne city infrastructure objects. Author provides the main types of radio frequency
hardware, working principles and worldwide usage statistics. In the conclusion of the paper, author
describes the further development opportunities of the radio frequency identification technologies.

Atslegas vardi: bez-kontaktu aparatira, radiofrekvencu identifikacija, bezvadu sakaru
tehnologijas.

levads

Jauno inovativu tehnologiju radiSana palidz ievérojami uzlabot dzives kvalitati daudzas
jomas. P&tijumi pierada, ka daudzi jauno inovativo produktu lietotaji (no 10% lidz pat 40% no
kopskaita) ir iesaistiti kadu jaunu produktu radiSana vai uzlaboSana. Viena no jaunakajam un
strauji attistitakajam tehnologijam ir radio frekvencu identifikacija.

Radiosakaru tehnologijas ir pazistamas pietickami sen, sakot ar 1864. gadu, kad
amerikanu izcelsmes fizikis Dzeims Klerks Maksvels radija elektromagnétisko vilnu izplatibas
telpa matematisko modeli. Maksvela pétijumi tika plasi pielietoti daudzu citu zinatnieku darbos.
Britu izcelsmes izgudrotajs Deivids Edvards Hadzess, veicot eksperimentus ar specializeta
uztvergja palidzibu konstatgja, ka ir iesp&jams uztvert vilnus elektromagnétiskaja lauka pat no
460 metru attaluma. Sie eksperimenti ar elektromagnétiskas indukcijas atklasanu kluva par
pamatu radio aparatiras izgudrojumam. Radio aparatiira kluva par komercialo produktu un bija
plasi pielietota iedzivotaju vida.

Par vienu no pirmajiem radio lokacijas praktiskajiem pielietojumiem var uzskatit skotu
izcelsmes fizika Roberta Aleksandra Vatsona-Vatta izgudrota radara izmantoSanas gadijumu
lidmasSinu bridinajumam. Turpmak, 20. gadsimta 40. gados, Otra Pasaules kara laikos, ar
Padomju Savienibas radioelektronikas rtipniecibas attistibu radio elektronikas aparatiiru saka
pielietot specvienibas daZados spiegoSanas uzdevumos. Tika attistitas dazadas piekluves
kontroles sist€émas (tostarp pret-zadzibu sisteémas, uz kustibu sensoru pamata), ka art apmaksas
un identifikacijas sistemas, dazadu meérku realizacijai. Radio elektronikas identifikacijas
aparatiira tika plasi pielietota komercialos noliikos sakot ar 20. gadsimta 80. gadiem — tika
attistitas precu markéSanas un identifikacijas sistémas, maksajumu apstrades sist€mas,
autorizetas piekluves kontroles sisteémas un citi miisdienu moderni risinajumi[1].

IevieSot bez-kontaktu identifikacijas tehnologijas pastiprinato uzmanibu ir japievers $is
tehnologijas izmanto$anas dro$ibai. Izmantojot bez-kontaktu identifikacijas risinajumus bez
papildus aizsardzibas lidzekliem, lietotaji ir paklauti dazada veida uzbrukumu iedarbibai,
izmantojot specializéto aparatiiru, ar merki partvert sensitivus lietotaju datus, vai
nesankcionétas izmantoSanas noltikos. Pastav fiziskas un tehniskas aizsardzibas metodes, kas
palidz aizsargat bez-kontaktu identifikacijas lietotaju datus[2]:

http://dx.doi.org/10.17770/het2017.21.3568
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v Par fiziskas aizsardzibas metodém ir uzskatama dazada rakstura datu pret-
zadzibu aizsardzibas Iidzeklu izmantoSana — naudas maku, apvakojumu un futlaru izmantoSana,
kas tiek parklati ar specializ€to materialu, radiofrekvencu signala parraides blok&Sanai;

v Tehnisko aizsardzibas Iidzeklu izmantoSana paredz bez-kontaktu karte
ierakstamas informacijas SifréSanu ar dazadiem SifréSanas algoritmiem. Izmantojot tehniskus
aizsardzibas lidzeklus, personas datu ieguv&jam tiek apgriitinatas iegiito datu dekod&sanas
iespéejas, I1dz ar to datu konversijai ir jamekl€ papildus risinajumi.

Bez-kontaktu radiofrekvencu identifikacijas tehnologijas tiek aktivi pielietotas
Rézeknes pilsétas infrastruktiras objektos, to izmantoSana iev€rojami atvieglo un uzlabo
iestazu darbinieku un apmeklétaju ikdienas darbus. Tehnologijas tiek pielietotas Rézeknes
pilsétas un novada pasvaldibas objektos, ka ar1 citos uzn€mumos un privatpersonu Tpasuma

objektos:

v Latgales véstnieciba “GORS” tiek izmantota automatizetas piekluves kontroles
sistéma, kas nodroSina darbinieku autorizétu piekluvi darba telpas un liftu izmantoSanas
vajadzibam,;

v Pasvaldibas uznémuma “R&zeknes satiksme”, ar jaunas bez-kontaktu Rézeknes

pilsétas iedzivotaja kartes ievieSanu, sakot ar 2017. gada Ol. aprili tiek izmantota pils€tas
marsrutu autobusos, braucienu apmaksas vajadzibam;

v Austrumlatvijas radoSo pakalpojumu centra “Zeimuls” automatizétas piekluves
kontroles nodrosinasanai dienesta telpas;

v Rézeknes novada pasvaldiba un privatpersonu ipaSuma objektos — automatisko
vartu un barjeru atvérSanai, izmantojot pultis, kas aprikotas ar radiofrekvencu identifikacijas
Cipiem;

v Rézeknes pilsétas lielveikalos un uznémumos — ar bankas karti, kas ir aprikota
ar bez-kontaktu Cipu ir nodroSinatas iesp&jas bez-kontaktu noré€kiniem, izmantojot Visa
PayPass tehnologiju;

v citos Reézeknes pilsétas uznémumos un privatpersonu ipasuma objektos.

Materiali un metodes

Bez-kontaktu radiofrekvencu identifikacijas tehnologijas var iedalit kategorijas,
atbilstosi pielietojuma veidam:

v' péc bez-kontaktu ¢ipa veida — pastav aktivie, pasivie, pus-aktivie un pus-pasivie
bez-kontaktu Cipi;

v' péc datu parraides frekvences, kas nosaka izmanto$anas distances garumu starp
bez-kontaktu karSu lasitaju un karti, kas aprikota ar bez-kontaktu datu parraides ¢ipu — pastav
augstfrekvences un ultra-augstfrekvences datu parraides ¢ipi;

v’ péc izmantojama datu parraides protokola, kas nosaka datu parraides principus
starp lasitaju un karti, kura ir ierakstita nolasama informacija. Tiek izmantoti divu veidu datu
parraides protokoli — TTF (Tag Talk First) un ITF (Interrogator Talk First). Protokoli nosaka
datu parraides iniciatoru — atbilsto$i izvélétajam protokola veidam, komunikacija var tikt
uzsakta pec bez-kontaktu identifikacijas lasitaja vai péc bez-kontaktu kartes pieprasijumal3].
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1.atsels 1dentifikacijas elektronikas sadalijjums péc datu parraides veida

Uz pasiva bez-kontaktu datu parraides veida pamata raZotas identifikacijas
elektronikas analize

Identifikacijas elektronika, kas ir razota uz pasiva bez-kontaktu datu parraides veida
pamata datu nosiitiSanai un sanemsanai tiek izmantotas divas pamata komponentes: bez-
kontaktu Cips un ta antena. Datu parraidei tiek izmantots TTF datu parraides protokols, 11dz ar
to, bez-kontaktu Cips gaida signalu no lasitaja. Lasitajs nosiita energiju bez-kontaktu ¢ipa
antenai, kura, savukart konverte energiju radiofrekvences vilnos un vilni tiek nosititi bez-
kontaktu Cipa datu nolasiSanas zona.

Atbilstosi Cipa arhitektiirai, tas nav aprikots ar iebuivéto stravas avotu. Pasivie bez-
kontaktu Cipi ir pamata ir sastopami karSu veida, kuras tiek razotas no plastikata, metala,
keramikas un pat no gumijas[4].

Kartes tiek izmantotas dazadiem nolikiem, pieméram bez-kontaktu norékiniem
veikalos un sabiedriskaja transporta, automatizetas piekluves kontroles sisttmu izmantoSanai
un citiem noltikiem. Pastav pasivas bez-kontaktu sausas, mitras un papira etiketes, kas tiek
raZotas precu un inventara markeSanai, majdzivnieku markeSanai un identifikacijai pie
veterinararstiem, ka ar1 citiem noliikiem.

Galvenas pasivo bez-kontaktu identifikacijas izmantoSanas priekSrocibas ir mazaka
izméra tagi un etiketes, zemakas ievieSanas un uzturéSanas izmaksas, iesp&jas izmantot tagus
no pielagojamajiem materialiem, péc pielietojuma veida, ka arT bez-kontaktu taga izturiba —
sakara ar to, ka bez-kontaktu kartes vai etiketes Cips nav aprikots ar aktivo barosanas avotu,
tagu izturiba un izmantoSanas ilgums var sasniegt pat 20 gadus.

Uz aktiva bez-kontaktu datu parraides veida pamata raZotas identifikacijas
elektronikas analize.

Atskirtba no uz pasiva bez-kontaktu datu parraides principa darbibas pamata
identifikacijas elektronikas, aktivais datu parraides veids, paredz tagu izmantoSanu, kuri ir
aprikoti ar aktivajiem baroSanas elementiem, datu parraides vajadzibam. Datu parraidei,
atSkiriba no pasiva datu parraides veida, tiek izmantots ITF vai TTF protokols. Aktivais bez-
kontaktu datu parraides veids paredz gan aktivu, gan pasivu tagu izmantoSanu. Sist€mas ar
pasiva taga izmantoSanu, lasitajs sanem un apstrada signalus un autentifikacijas atbildes no
pasiva taga. Aktiva taga izmantoSana paredz signala sanémeja apzinoSanu no aktiva taga par
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nepiecie$amas programmétas darbibas izpildi. Sim nolikam signala nolasitaji ir novietoti
noteiktajas pozicijas, signala parraides apmainas diapazona. Sada tipa sistémas tiek izmantotas
automatizetas piekluves kontroles nodro$inaSanai — garazu vartu, barjeru atveérSanai, ka ar1
personu identifikacijai, izmantojot aktivus bez-kontaktu datu parraides tagus[5].

Saistito datu parraides tehnologiju analize.

Tehnologiju analizei tika atlasTtas saistitas musdienu datu parraides tehnologijas, tadas
ka svitrkodi un QR (Quick Response) kodi, Bluetooth, NFC (Near Field Communucation) un
infra sarkano staru savienojums. Analizes gaita tika pé&titi minéto tehnologiju galvenie
raksturlielumi, tadi ka datu parraides distances garums, datu parraides atrums, pielietojuma
iesp&jas, lai noskaidrotu radiofrekvencu identifikacijas tehnologijas pielietoSanas prieksrocibas
un at$kiribas no citam saistitajam tehnologijam[6]. Saistito tehnologiju analizes rezultati ir
apkopoti Tabula 1.

1.tabula
Datu parraides tehnologiju raksturlielumu salidzinajums
RFID NFC IrDa Bluetooth
Savienojuma nodibinasanas laiks <0,1 ms <0,21ms ~05s ~65S
UztverSanas diapazons 3-92m 10 cm 1m 30m
Darba frekvence 13,56 Mhz | 13,56 Mhz | 800-1000 2,4-2,5
pum Ghz
Datu parraides atrums 424 kb/s 424 kb/s | 115 kb/s - | ~ 200 kb/s
2 Mb/s
Tiesas redzamibas nodro§inajums Ne Ne Ja Ne
starp objektiem
Parraides tikla apjoms > 10 2 iekartas | 2 iekartas 2-8
iekartu iekartas

Salidzinot radiofrekvences identifikacijas tehnologijas ar svitrkodiem un QR kodiem,
konstatétas, gan priekSrocibas, gan trukumi. Par radiofrekvencu identifikacijas tehnologijas
priekSrocibam var minét sekojosas pasibas:

v ir nodro$inats lielaks datu apmainas distances garums starp lasitaju un tagu,
salidzinajuma ar svitrkodu un QR kodu datu apmainas tehnologijam;

v iespejas uzglabat lielaku datu apjomu;

v identifikacijas kartes ir veidotas no dazada veida materialiem, lidz ar to,
salidzinajuma ar svitrkodiem un QR kodiem ir ievérojami palielinats pielietojuma sferu klasts,
ka ar pasivo identifikacijas karSu un tagu kalpoSanas laiks var sasniegt 11dz pat 20 gadiem;

v iespéjas Sifrét uzglabajamo informaciju kartes, izmantojot droSus datu SifréSanas
algoritmus;

v programmeésSanas iesp&jas, nodroSinot datu ievades/izvades funkcionalitati,
izmantojot specializéto programmatiiru;

v iesp€jas nolasit datus pat no 90 metru attaluma, bez tiesas redzamibas signala
parraides virziena;

v darbibas iesp€jas pasliktinata apgaismojuma ietekmée, ka ar1 iesp&jas darbam

dazadas vides, pieméram sniega, ledii, migla vai tideni.

Par tehnologijas trikumiem salidzinajuma ar svitrkodiem un QR kodiem, var atzimé&t
lielaku karSu un tagu izméru, lielakas ievieSanas izmaksas, kas ir saistitas ar karSu un tagu
razoSanas tehnologisko procesu, ka ari datu parraides iesp&jamas kolizijas datu ievades/izvades
procesos, stitot vai sanemot datus no vairakiem avotiem vienlaicigi[7].

Radiofrekvencu diapazona identifikacijas Iidzeklu programmeéSanas iespéju
analize.
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Attistoties radiofrekvencu identifikacijas un aktivai identifikacijas elektronikas
masveida razosanai, tiek attistita specializéta programmatiira, kas nodro$ina savietojamibu un
iesp&jas darbam ar dazada rakstura identifikacijas aparatiiru. Identifikacijas lidzeklu razotaji
parsvara komplektg izplatamo aparatiiru ar specializ€to programmatiiru, kas nodrosina pilnu
funkcionalitati darbam ar identifikacijas lidzeklu lasitajiem, kartém un tagiem. Papildus tiek
veidotas atseviSkas specializétas datu bibliotekas, kas ir pielagotas darbam ar modernam
programmeésanas valodam, tadam ka Java vai Microsoft Visual C#[8]. Izmantojot bibliotekas ir
iespgjas veidot funkcionalas aplikacijas darbam ar identifikacijas aparatiiru. Pastav arl
universala programmatiira darbam ar noteikta razotaja identifikacijas elektroniku.
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2.attels HuneLock viesnicu automatizetas piekluves kontroles programmatira

Darbam ar identifikacijas elektronikas iekartu programmésanu, ir nepiecieSams bez-
kontaktu karSu vai tagu lasitajs, kas ir pieslégts datoram, bez-kontaktu tagi vai kartes, kur tiks
uzglabata nepiecieSama informacija, ka art specializeta programmatiira, ar kuras starpniecibu
tiks organizeti datu ievades/izvades procesi[9].

Dators RF karSu kodetajs ~ Kartina RF nolasitajs liftam Sledzene sEIéektr.ibas Db

Notikumu registrators Elektroniskais kontrolieris
(p&c izvéles)

3.artéls 1dentifikacijas elektronikas bez-kontaktu karSu datu apmainas procesi
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Bez-kontaktu radiofrekvencu identifikacijas tehnologiju pielietojums un attistibas
perspektivas.

Radiofrekvenéu identifikacijas tehnologiju izmantoSana ir sasniegusi augstu
popularitates Itmeni, ka arT cenu samazinajums uz identifikacijas elektronikas iekartam liecina
par liecina par iekartu aktivu izmantoSanu dazadas nozargs, kas ar katru gadu turpina pieaugt.
P&c Eiropas Komisijas 2015. gada veikta pétijjuma par Eiropas digitala tirgus stratégiju[10]
rezultatiem, Eiropa un Latvija ir salidzino$i neliels bez-kontaktu tehnologiju lietotaju skaits,
mazo un vid€jo nekomercialo iestazu vidd, kuros nodarbinati vismaz 10 cilvéku. Balstoties uz
pétijuma rezultatiem, vid&jais bez-kontaktu tehnologiju pielietojums identifikacijas
uzdevumiem, iestades, uz 2014. gadu nedaudz parsniedz 3% robezu, Latvija sasniedz ~ 3%
procentu atzimi.

Enterprises using RFID for product identificati Al ontup)rius. without financial sector (10 persons employed or
more

Year:2014

% of enmterprises

IITITIT L1

./,o*"“"'/*”. w°//// r‘f/ff// L THATE Jf" “*

4.artels Eiropas komisijas digitala tirgus izpetes rezultati

P&c dazadu analitikas uznémumu pétniecibas rezultatiem, ir prognoz&jams strauj$ bez-
kontaktu tehnologiju pardosanas pelnas apgrozijums ASV lietotaju vidd, parsniedzot to,
salidzinajuma ar 2014. gadu, vairak neka divas reizes, 2020. gada sasniedzot 22 miljardu ASV
dolaru atzimi[11].

Global RFID Market Revenue, 2014 - 2020 (USD Million)
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S5.attels Zion pétnieciskas analizes grupas bez-kontaktu tehnologiju tirgus pétijums
Rezultati
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Veicot pétijumu par bez-kontaktu radiofrekvencu tehnologijam un salidzot tas
ar citam datu parraides tehnologijam ir secinats, ka:

v bez-kontaktu parraides tehnologijas ir droSas un piclagojamas izmanto$anai
dazadas darbibas sferas, gan uznémumiem, gan privatpersonam;
v pateicoties augstam popularitates Itmenim un lielam masveida identifikacijas

elektronikas razoSanas procesam, tehnologiju ievie$anas izmaksas kliist arvien zemakas,
padarot tehnologiju izmantoS$anu pieejamaku plasakam lietotaju lokam;

v salidzinot ar citam tehnologijam radiofrekvencu identifikacijas nodroSina datu
parraidi dazadas vides.

Nemot véra tehnologiju daudzveidibu un to pielietojumu dazadas sferas, var secinat, ka
tomer radiofrekvencu identifikacijas tehnologiju pielietojums, kura iesp€jas ir norobezotas ar
noteiktu objektu identifikaciju, stitot un sanemot signalus noteiktajas datu parraides frekvences,
nespés pilniba aizvietot citu tehnologiju izmantoSanu. Tehnologijas ievieSanu masveida
lietoSanu ierobezo ar1 identifikacijas elektronikas izmaksas, kuras pagaidam ir pietickami
augstas.

Kopsavilkums

Pétijuma ir veikta dazadu datu parraides tehnologiju analize un to salidzinajums ar
radiofrekvencu bez-kontaktu identifikacijas tehnologijam. Ir pievienota identifikacijas
elektronikas klasifikacija, izmantojamie datu parraides protokoli, dazadas programmatiras
izmantoSanas iesp€jas bez-kontaktu aparatiiras ievieSanai un uzturéSanai.

Darba nobeiguma ir aprakstitas bez-kontaktu radiofrekvencu tehnologijas tekosas
izmantoSanas statistika un tas attistibas perspektivas, balstoties uz pétniecibas organizaciju
izp&tes rezultatiem. Nemot véra Eiropas Komisijas 2015. gada digitala tirgus izp&tes datus par
2014. gadu, Latvija bez-kontaktu identifikacijas tehnologiju izmanto$anas zina atrodas viena
Itmen1 ar Eiropas Savienibas vidgji noteikto.
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DZERAMA UDENS KVALITATES IZPETE KARSAVAS NOVADA
CIEMATOS
DRINKING WATER QUALITY RESEARCH IN KARSAVA MUNICIPALITY
VILLAGES

Autors: Artiirs Buravcevs, e-pasts: artursburavcevs@inbox.lv,+37129347118,
Zinatniska darba vaditaja: Inara Laizane, Mg. paed., Mg. biol., Mg. chem., lektore, e-pasts:
inara.laizane@rta.lv
Rézeknes Tehnologiju akadémija, Inzenieru fakultate, Atbrivosanas aleja 115, Rézekne

Abstract. In the work is displayed and analyzed data of drinking water quality in Karsava
Municipality villages. The sampling places were mapped and described. Are summarized detection methods
of drinking water quality parameters testing — ammonia ion concentration, summary iron concentration,
turbidity, pH and water conductivity. Those parameters values displayed in a transparent manner graphs,
and then analyzed. Was made a correlation between the summary iron concentration and turbidity, as well
as turbidity depending on summary iron concentration.

Keywords: drinking water, pollution, Karsava Municipality, drinking water testing.

levads

Mums apkart esosa vide sastav no daudziem komponentiem, tos var klasificét p&c
daudziem kriterijiem, pieméram, dziva vai nedziva daba, dabiskds komponentes vai
antropogénas komponentes. Tomer, klasificgjot miis aptveroSo pasauli, svarigi atceréties to, ka
mes, cilveki, arT esam tas komponents. TieSi cilveki ir tie, kuri no visa dzivo organismu
daudzveidiga klasta, sp&j visvairak ietekmét apkarteja vidé notiekoSos procesus. Jargkinas ar
to, ka daba notiekosie procesi liela méra ietekme ar1 miis. Pielagojoties mainigiem apstakliem,
ka arT, apmierinot savas pieaugo $as prasibas, més izmantojam dabas bagatibas. Gan apkartgjas
vides komponentiem, gan cilvékam ir tiesibas uz savu primaro vajadzibu apmierinasanu —
vajadzibu péc kvalitativa dzerama tidens var pieskaitit pie eksistences vajadzibam, Iidz ar to
kvalitativs dzeramais tdens un ta piegade ir svarigs aspekts arT priekS citu vajadzibu
apmierinasanas, kuras nepiecieSamas cilvéka attistibai.

Patérétajs dzeramo wideni parasti verté tikai no kvalitativas izpetes puses, to vairak
interes€ dzerama tidens garSa, smarZa, ka arT dulkainibas [imenis. Bet pastav konkréti pienemtas
normas, kuras tieSi regulé dzerama tdens kvalitates parametrus, un, péc kuriem vadoties,
dzerama tidens piegadatajam janodroSina dzerama tidens piegades kvalitate. Latvija dzerama
tdens parametrus regulé Ministru Kabineta noteikumi Nr.235 ,,Dzerama tdens obligatas
nekaitiguma un kvalitates prasibas, monitoringa un kontroles kartiba”. DiemZzel, izvertgjot
dzerama udens testé€Sanas rezultatus Karsavas novada ciematos, var secinat, ka vairakos
ciematos ir nopietnas problémas ar dzerama tidens apgadi — tidens paraugos péc attiriSanas ir
noveérojams tadu parametru, ka amonija jonu un kopé€ja dzelzs paaugstinats daudzums. Papildus
informacijas iegiiSanai par iepriek§ miné€tam problémam, veikta dzerama tdens paraugu
testéSana Rézeknes Tehnologiju akadémijas laboratorija [1].

Darba merki: izpétit dzerama tdens kvalitati Karsavas novada ciematos.

Hipoteéze: Karsavas novada ciematos pastav problémas ar dzerama tidens kvalitati.

Darba uzdevumi:

. veikt dzerama udens analizes;
. izvertet iegiitos rezultatus;
. 1zvirzit secinajumus un rekomendacijas.

P&tijuma metodes: petijuma tika izmantota kvantitativa metode, kuras pamata ir
mérfjumu rezultata iegiito skaitlu analize.

http://dx.doi.org/10.17770/het2017.21.3569
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Lai izpétitu un noveérteétu dzerama tdens kvalitates raditajus un to izmainas dinamiku
Karsavas novada ciematos, tika veikta 15 dzerama iidens paraugu, kuri panemti péc dzerama
Gidens sagatavoSanas pasakumiem, izpéte R&zeknes Tehnologiju akadémijas kimijas
laboratorija.

Materiali un metodes

Amonija jonu noteikS§ana. Prieks amonija jonu noteikSanas tika izmantota “Windaus
Labortechnik” aprakstita AQUANAL-plus amonija jonu noteikSanas metodika.
Pamatinformacija par doto metodi ir apskatama 1. tabula.

1.tabula
Pamatinformacija par amonija jonu noteik§anas metodi
Mgérisanas diapazons no 0,2 1idz 3 mg/l NH4"
MeriSanas vilpu garums 700 nm
Reakcijas absorbcijas maksimums 690 nm

Testa procediira ir sekojosa — kivet€ ieliets destiléta Gidens paraugs ar tilpumu apméram
5 ml, tas ir tukSais paraugs. Cita kivet€ iepilda 5 ml dzerama tidens parauga, klat pievieno 0,6
ml reagenta 1., aizver kiveti un samaisa. Péc samaisiSanas pievieno vienu limena t&jkaroti
reagenta 2, aizver un sakrata, lai reagents pilniba iz8kistu. Pagaida 5 minates, lai reakcijas laiks
beigtos, atver kiveti un pievieno piecus pilienus reagenta 3, aizver kiveti un atkal samaisa. Péc
tam uzgaida septinas miniites, lai reakcijas laiks beigtos. Talak seko darbs ar WinLab fotometru
— to ieslédz ar jebkuru no taustiniem un izmanto bultu taustinus, lai izvél&tos test€Sanas metodi
»>Ammonium+”. Talak kivetem paredzetd nodalijuma ielieck no sakuma sagatavoto tukSo
paraugu un uzliek gaismas aizsardzibas vacinu. Talak seko nulles kalibréSana (nospiezot
taustinu 0,0). Talak seko tuksa parauga iznemsSana no kivetém paredzéta nodalijuma un dzerama
tdens parauga ievietoSana Skidumu kiveSu nodalijuma un gaismas aizsardzibas vacina
uzlikSana. P&c tam nospiez taustinu ,,mg/l” un nolasa uz LCD displeja paraditus rezultatus mg/1
NH4 [2].

Dzelzs jonu noteikSana. Nosakot dzelzs jonu koncentraciju, tika izmantota “Windaus
Labortechnik” aprakstita AQUANAL-professional dzelzs jonu noteikSanas metodika.
Pamatinformacija par doto metodi ir apskatama 2. tabula.

2.tabula
Pamatinformacija par dzelzs jonu noteikSanas metodi
Noteik$anas diapazons no 0,1 lidz 3 mg/l Fe***
MeriSanas vilpu garums 610 nm
Reakcijas absorbcijas maksimums 590 nm

Testa procediira ieklauj sevi sekojoSus solus — kivete ielej destiléta tidens paraugu ar
tilpumu apm&ram 5 ml, tas ir tukSais paraugs. P&c tam cita sausa kivete ieber vienu TPTZ dzelzs
pacinu un iepilda taja 10 ml Gidens parauga, tad aizver kiveti un sakrata to. Uzgaida trTs miniites,
kamer notiks reakcija, tad iesledz WinLab Data Line fotometru ar jebkuru no pogam un ar
izvéles pogam izvélas metodi ar nosaukumu ,,Iron high V”. Tad veic tuk§o m&ginajumu, lai
kalibrétu aparatu — nem kivete ar destiléto tideni. P&c kalibréSanas iznem kiveti ar tiro tideni un
ieliek p&tamo paraugu, ieprieks to no notirot no arpuses ar tiro auduma gabalu, tad aizver to ar
vaku un piemiegt pogu ,,mg/1”. legitie rezultati tiek atspoguloti uz LCD ekrana mg/l Fe?***
forma [2].

Dulkainibas noteikSana. Nosakot dulkainibu dzerama tidens paraugos, tika izmantots
dulkainibas méritajs AL450T-IR. Darba gaida, nosakot dulkainibu ir sekojosa — kivete lidz
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noteiktai atzimei tiek ieliets test€jama Skiduma paraugs, tad kivete no arpuses tiek noslaucita ar
tiru un sausu dranu. P&c tam ieslédz dulkainibas méritaju AL450T-IR ar pogu ,,On/Off” un

kiveti ar paraugu ievieto tai paredz€taja vieta un, piespieZot pogu, ,, Test”, palaiz parauga
test€Sanu. legiitie rezultati tiek atspoguloti uz LCD ekrana NTU forma [2].

Rezultati un to izvertejums
Veicot amonija jonu koncentracijas noteikSanu dzerama tidens paraugos Karsavas
novada ciematos, tika izveidota histogramma, kur paradita amonija jonu koncentracija katram
no 15 nemtajiem paraugiem, Apskatot jau sagatavota dzerama tidens kvalitati, nemti véra tikai
tie paraugi, kas savakti pec dzerama tidens sagatavoSanas ietaisém — apziméti ar,,, PEC”.
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Parauga numurs

1.att. Amonija jonu daudzums dzerama tidens paraugos

l.attela redzams, ka palielinatas amoniju jonu koncentracijas probléma noveérojama
visos GoliSevas ciema dzerama tidens paraugos, nemtos péc uzreiz péc dzerama udens
sagatavosanas ietais€m — paraugi nr.2., 13. un 23. GoliSevas ciema amonija jonu koncentracijas
vidgja vertiba sagatavotos dzerama tidens paraugos:
NHEo v = 0,64 + 0,06 mg /1 (1)
Vidgja amonija jonu koncentracijas vértiba paraugos ir 0,64+0,06 mg/l, §1 vertiba
parsniedz Ministru Kabineta noteikumu Nr.235 ,,Dzerama tidens obligatas nekaitiguma un
kvalitates prasibas” maksimali pielaujamo normu 0,50 mg/1.

Apkopojot un analiz&jot kop&ja dzelzs koncentraciju 15 Gidens paraugos, tika
izveidota 2. attéla redzama histogramma, kur stabinu veida ir att€lota kop&a dzelzs
koncentracija visos paraugos, nemtajos septinos Karsavas novada ciematos. Kopg&ja dzelzs
koncentracijas atbilstiba Ministru Kabineta noteikumiem Nr.235 , Dzerama tidens obligatas
nekaitiguma un kvalitates prasibas” ir att€lota horizontalas linijas veida, kuru parsniedzot
redzamas paraugu neatbilstibas normam [1].
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2.att. Kopéja dzelzs daudzums dzerama idens paraugos

No 2. att€la redzam, ka problémas ar kop@ja dzelzs palielinatu koncentraciju ir
noveérojamas trijos Karsavas novada ciemos — GoliSevas ciems (paraugi nr.2., 13., un 23.),
Mezvidu II ciems (paraugi nr.7., 17. un 25.) un Salnavas ciems (paraugi nr.11., 21. un 27.).
Apskatot So ciemu kopgja dzelzs koncentraciju dzerama tidens paraugos péc atdzelZoSanas,
redzam vairakkartgjo normu parsniegsanu. GoliSevas ciema vid&ja kop&ja dzelzs koncentracija:

Fefoleva — 1,10 + 0,24 mg/! 2)

Vidgja kopgja dzelzs vertiba parsniedz Ministru Kabineta noteikumu Nr.235 ,, Dzerama
tdens obligatas nekaitiguma un kvalitates prasibas” maksimali pielaujamo koncentraciju 0,2
mg/l 5,5 reiz€s [1]. Nakamais ciems, kur nov&rojama palielinata kopgja dzelzs koncentracija —
Mezvidi II, §1 parametra vidgja vértiba Mezvidu II ciema:

Fepleiill — 0,74 + 0,13 mg/! (3)
Mezvidu II ciema kopgja dzelzs koncentracija nav tik liela ka GoliSevas ciema, tomér
vidgja vertiba parsniedz maksimali pielaujamo normu 0,20 mg/I vairak par 3 reizém. Tresaja
ciema, kur novérota palielinata kopgja dzelzs koncentracija — Salnavas ciema, kopg&ja dzelzs
koncentracijas vid€ja vertiba:
Fepoitiums = 0,39 0,04 mg/1 4
Salnavas ciema kopgja dzelzs vid€ja koncentracija parsniedz normas 2 reizes.

Apkopojot rezultatus, redzam, ka vislielaka kop€ja dzelzs koncentracija ir GoliSevas
ciema, kur ta parsniedz normas vairakkartigi — 5,5 reizes.
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Nakamais dzerama tidens kvalitates parametrs, kas vairakos Karsavas novada ciematu
dzerama tidens paraugos parsniedz maksimali pielaujamo koncentraciju, ir dulkainiba (skat. 3.
att.).
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Parauga numurs/nemsanas datums

3.att. Dulkainiba dzerama iidens paraugos

No 3.attela redzam, ka palielinata dulkainiba ir novérojama tikai ciematos, kur noverots
palielinata kop€ja dzelzs koncentracija (skat. 2. att.). Palielinata dulkainiba novérota Golisevas,
Mezvidu II un Salnavas dzerama tdens paraugos. Apskatot dulkainibu GoliSevas ciema,
aprékinata paraugu nr.2., 13. un 23. vidgja vertiba:

NTUSS e = 3,84 + 1,36 NTU (5)
Vidgja vertiba parsniedz maksimali pielaujamo normu — 3,00 NTU, palielinata
standartnovirzes veértiba — dzerama tdens paraugu dulkainibas iegiitas veértibas ir ar lielam

svarstibam, sakot no 2,90 NTU (paraugs nr.13) un lidz pat 5,40 NTU (paraugs nr.2).
Mezvidu Il ciema dzerama tidens paraugu nr.7., 17. un 25. dulkainibas vid&ja vértiba:

NTUPEIAIN = 3,55 + 1,21 NTU (6)
Vidgja vertiba parsniedz maksimali pielaujamo normu — 3,00 NTU. Lidzigi ka
Golisevas ciema, paraugu nr.7., 17., 25. izkliedétas vértibas nosaka palielinatu standartnovirzes
vertibu.
Salnavas ciema dzerama tidens paraugu nr.11., 21., 27. dulkainibas vid€ja vertiba:

NTUSSER = 3,56 + 1,28 NTU @

Salnavas dzerama iidens paraugu dulkainiba parsniedz maksimali pielaujamo normu
3,00 NTU. Tapat, ka par€jos apskatitajos ciemos, Salnavas paraugu dulkainibas vidgjai vértibai
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ir palielinata standartnovirze, kas izskaidrojams ar paraugu dulkainibas rezultatu lielu izkliedi
—no 2,57 NTU parauga nr.21. Iidz pat 5,01 NTU parauga nr.11 [1].

Balstoties uz pétijjuma laika iegitiem dzerama udens kvalitates raditajiem, Sajos
problematiskajos ciemos japilnveido dzerama tidens sagatavosanas tehnologiskais process, lai
sagatavotais dzeramais tidens atbilstu normam.

Secinajumi
1. Darba hipotéze — Karsavas novada ciemos pastav problémas ar dzerama tidens
kvalitati, apstiprinas, konstatétas dzerama tidens kvalitates parametru neatbilstibas normam.
2. Golisevas ciema noteikta palielinata amonija jonu koncentracija — 0,64+0,06

mg/l pie pielaujamiem 0,50 mg/l, palielinata kop€ja dzelzs koncentracija — 1,10+0,24 mg/I pie
pielaujamiem 0,20 mg/1 un palielinata dulkainiba — 3,84+1,36 NTU pie maksimalam 3,00 NTU.

3. Mezvidu II ciema noteikta palielinata dulkainiba 3,55+1,21 NTU un kopgja
dzelzs koncentracija — 0,74+0,13 mg/1.

4, Salnavas ciema noteikta palielinata dulkainiba 3,56+1,28 NTU un kopgja dzelzs
koncentracija — 0,39+0,04 mg/1.

5. Malnavas ciema novérota palielinata dulkainiba — 7,05+4,74 NTU, pie
pielaujamas veértibas 3,00 NTU.

6. Parejos ciematos dzerama udens kvalitate atbilst Ministru Kabineta
noteikumiem Nr. 235 ,,Dzerama tidens obligatas nekaitiguma un kvalitates prasibas” maksimali
pielaujamam normam.

7. Golisevas, Mezvidu II, Salnavas un Malnavas ciemos nepiecieSami dzerama
tidens sagatavosanas tehnologiska procesa uzlabosanas pasakumi.

Summary

Carrying out the research of drinking water quality indicators at the chemical
laboratory of Rezekne Academy of Technology, were set the following parameters - the total
iron concentration, ammonium ion concentration, turbidity. The methodology of the research
of the parameters is described in the work. Were spotted Karsava county villages, where were
observed the problems with the quality of drinking water. Firstly, Golisheva village, where
were observed three drinking water quality parameters of non-compliance - increased
ammonium ion concentration reaches 0.64 = 0.06 mg / 1, in purified drinking water, increased
total iron concentration reaches 1.10 + 0.24 mg /1 in iron removed drinking water, and
increased turbidity, the value of which amounts to 3.84 + 1.36 in drinking water. Secondly,
Mezvidi 1l village, where problems were observed with increased total iron concentration of
0.74 £ 0.13 mg /1 and turbidity, which amounts to 3.55 + 1.21 NTU. Thirdly, Salnava village,
where the observed situation is similar to Mezvidi Il village - increased total iron
concentration of 0.39 + 0.04 mg /1 and increased turbidity, 3.56 + 1.28 mg / 1. Fourthly,
Malnava village, where was observed the problem with turbidity — 7,05 + 4,74 NTU. In those
villages needed improvement measures of drinking water preparation process.

Literatira
1. Ministru Kabineta noteikumi Nr.235 , Dzerama Tidens obligatas nekaitiguma un kvalitates prasibas,
monitoringa un kontroles kartiba” (Skat. Interneta 02.01.2016) http://likumi.lv/doc.php?id=75442
2. Ré&zeknes Tehnologiju akadémijas kimijas laboratorijas metodiskie materiali
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Abstract: Researched the problem is that during the manufacturing process mother liquor is fed
to the sewers. Then the mother liquors into the biological treatment plant. Results and evaluation are
reflected in the input and output samples of waste water results in which the sample results are not
following the requirements laid down. Wastewater treatment plants have been built a long time ago and
need to supplement existing equipment to clean up the quality of untreated wastewater.

Keywords: Biological purification, Industrial waste water, Waste water

levads

Jebkuri notekiideni atSkiras no daba esoSajiem, cilvéku darbibas rezultata
nepiesarnotiem, fideniem. Neattiritu notekiidenu nokliiSana atklatos tidenos vai grunti nodara
lielu kait§jumu dabai un cilvéka veselibai, tapec ir svarigi censties attirit notekiidenus lidz
iesp&jami tirakam, tuvu dabiskam kvalitativam stavoklim visas centraliz€tajas (pilsétu) un ari
individualajas notekiidenu attiriSanas iekartas. Prasibas notekiidenu apsaimniekosanai un to
attiriSanas kvalitatei ir noteiktas LR likumdoSana un MK noteikumu normativajos aktos.
Neattiritu notekidenu nokltiSanu vidé nosaka ne tikai notekiidenu attiriSanas iekartu (NAI)
esamiba un to darbibas kvalitate, bet ar visu kanalizacijas tiklu un stknu staciju fiziskais
stavoklis. Kaitgjums videi, kads varétu rasties no neattiritu notekiidenu nonakSanas vidé ir
atkarigs no:

. notekiidenu apjoma;

. piesarnojoSo vielu sastava un koncentracijas;

. vietas un vides, kur notektideni tiek novaditi, vai izplidusi vide. [1]
Notekiideni péc to izcelsmes un sastava iedalas:

. Sadzives notekiidenos

Sadzives notekiideni veidojas, cilvékiem ikdiena dazados veidos izmantojot dzeramo
tdeni. Tie ir visi tie tideni, kuri, dazadi izmantoti, galu gala nonak kanalizacija. Tie parasti satur
60-80% organisko piemaisijumu, kas notekiidenos nonak ka galas un augu Skiedras, ellas un
cilveku fiziologiskie izdalfjumi. Neorganiskie piemaisijumi ir smiltis, dubli, mineralsali,
skabes, sarmi u.c. Sajos notekiidenos ir arf loti daudz mikroorganismu. Sadzives notekiidenos
esosas organiskas vielas, nonakusas upé, veicina tidens augu attistibu - Iidz pat upes pilnigai
aizaugSanai. Ar notekiideniem upé nokluvuSie mikroorganismi var izraisit saslimSanu ar
dazadam slimibam. [2] [3]

. Nokrisnu notekiidenos

Notektideni, kas rodas lietus laika, kiistot sniegam vai arT mazgajot ielas ir mazak
piesarnoti ka sadzives notekiideni. Sadu notekiidenu daudzums varié loti plasas robeZas,
atkariba no gadalaika, geografiskas vietas un nokri$nu intensitates. Latvija vid&jais nokri$nu
daudzums ir ap 700 mm gada. NokriSnu notekiidenu daudzums ir ~ ceturta dala no sadzives
notekiidenu daudzuma. Tomer negaisa nokrisnu notekidenu daudzums daudzkart var parsniegt
sadzives notekiidenu daudzumu, sasniedzot pat simtkart&ju atseviskos gadijumos. Lai izvairitos
no briesmam parpludinat sadzives notekiidenu attiriSanas iekartas, tiek veidotas atseviskas
nokriSnu notekiidenu kanalizacijas sistemas. Nemot véra globalo ikgad€jo nokrisnu daudzumu,

http://dx.doi.org/10.17770/het2017.21.3570
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divas treSdalas no ta iztvaiko, bet atlikusi viena treSdala tieSi nonak virszemes vai pazemes
tdenos. Pat vétras laika ne visi nokriS$ni veido virszemes noteci. Parkos un zalajos tikai ~ 20 %
nokriSnu noplist pa virsmu, atSkiriba no asfaltétam vai jumtu virsmam, no kuram notece veido
gandriz 100 %. Pasvaldibam nopietni jarékinas ar nokri$nu notekiideniem, jo to piesarnojums
dazos gadijumos ir samera liels. [2]

. Riipniecibas notekiidenos

Riipniecibas notekiideni ietver darbinieku sanitari-higi€niskos notekiidenus, razoSanas
procesu Skidros atkritumus, mazgasanas tidenus un relativi tirus tidenus, kas tikusi izmantoti
siltumapmainas procesos. Vislielakas bazas izraisa notekiideni, kas rodas tieS$i raZoSanas
procesos, kas ir loti dazadi pec sastava, bet to daudzums ir atSkirigs dazadas riipniecibas
nozar€s. Daudzos gadijumos $adu notekiidenu apstrade ir nepiecieSama pirms to ievadiSanas
pilsétas notekiidenu kanalizacijas sist€éma, lai atdalitu noteiktus savienojumus vai ari
samazinatu kadu savienojumu koncentraciju.

Riipniecibas notekiideni ir mainiga sastava un dazkart pat loti atSkiras vienas razoSanas
nozares ietvaros. Notekiideni ir specifiski katra riipniecibas nozar€ un var tikt sarindoti no loti
koncentrétiem (liela BSP5 vértiba), bet bioktmiski parveidojamiem (galas parstrades
uznémumi) lidz tadiem, kas rodas galvaniskajos cehos vai tekstilriipnieciba un parsvara satur
neorganiskas un toksiskas vielas, kuras noteikti ir jaatdala pirms $adu notekiidenu ievadiSanas
kanalizacijas sisttma. Tiek pienemts, ka mazas paSvaldibas parsvara ir dzivojamo rajonu
notekiideni, vid€jas - dzivojamo rajonu, tirdzniecibas rajonu un ripniecibas zonu notekiideni ar
atdalitam notekiidenu sisttmam, bet lielas - visi iepriek§ minétie ar kombin&tu notekiidenu
savakSanas sistemu.

Riipnieciskie notekiideni satur lielu daudzumu suspendéto vielu, izmantojot efektivu
nodali$anu membranas. Sis suspendétas dalinas un dulkainiba no notekiideniem nak tuvu nullei.
Bez tam notekiideni satur toksiskas vielas. [2] [4]

) Materiali un metodes
Udens kvalitate — gaistoSo organisko $kidinataju noteikSana izmantojot purge & trap
gazes hromatografisko sistemu.

Aparatiira un materiali

v Gazu hromatografs ar iztvaicétaju kapilarai kolonnai, temperatiiras
programméjamo kolonnas termostatu, liesmas jonizacijas detektoru Atomx Purge & Trap
ekstrakcijas paraugu sagatavosanas sist€ma
Svari, precizitate ne mazak par 0,001 g
TumsSa stikla flakoni ar plastmasas korki un silikona blives, tilpums 40 mL
Merkolbas, tilpums 5 mL; 25 mL; 50 mL
Merpipete, tilpums 1 mL
Automatiskas pipetes, tilpums 200 uL; 1000 uL

ANANENENRN

Reagenti
Hloroforms, CHCIs, saturs ne mazak par 99,9 %
Cikloheksans, C¢H12, saturs ne mazak par 99,8 %
Benzols, CsHe, saturs ne mazak par 99,7 %
Toluols, CsHsCH3, saturs ne mazak par 99,9 %
Etilbenzols, CsHsCzH, saturs ne mazak par 99,8 %
m-ksilols, o-ksilols, p-ksilols, CsH4(CHs)2, saturs ne mazak par 99,5 %
Metilspirts, CH3OH, saturs ne mazak par 99,9 %
Udens, attirits, H>O, dok. Nr. K157.028.003 (Ph.Eur.)
Bezpelnu filtrpapirs sarkana lente @ 90 mm

N SANENE N N N N NN
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v Helijs, He, saturs ne mazak par 99,99 %
4 Udenradis, H,, saturs ne mazak par 99,99 %

Skidumu pagatavo$ana
Tuksais paraugs. [zmantojot dejonizéto tideni, tumss flakons tiek uzpildits ar dejonizéto
tdeni un aizverts ar silikona blivi, noslédz ar plastmasas korki.

Standart§kidumu pagatavoSana

50 mL meérkolba ielej 20 mL metanolu un pievieno 0,0156 g hloroforma, 0,5001 g
cikloheksana, 0,3126 g benzola, 0,0624 g toluola, 0,0624 g etilbenzola, 0,0626 g m-ksilola,
0,0623 g p-ksilola un 0,0624 g o-ksilola. Iegiito maisijumu sajauc, mérkolbu piepilda ar
metanolu lidz atzimei un samaisa, ieguva pamata standartSkidumu. 1 mL iegiita pamata
standartSkidumu parnes 25 ml mérkolba. Meérkolbu piepilda ar metanolu lidz atzimei un
samaisa, iegust darba standartSkidumu Nr. 1. P & T iekartas iek$gjo standartu ievadiSanas
sistéma dzintarkrasas traucina ielej 10 mL iegiito darba standartSkidumu nr. 1. Traucinu uzreiz
savieno ar P & T iekartas iek$gjo standartu ievadiSanas sistému. Pirms analizes P & T iekarta
pati panem alikvota darba standartS8kidumu Nr. 1 dalu 5 pL un dejoniz€to iideni 25 mL no
flakona.

Kalibrésanas grafika konstrué§ana
Gazu hromatografa secigi ievada: tukSais paraugs un darba standartSkiduma nr. 1
paraugs. Katru paraugu teste tris reizes. P&c ieglitiem datiem konstrué kalibréSanas grafiku.
Kalibrésanas grafiku parbauda periodiski 1 reizi gada.

Parauga sagatavoSana un apstrade
Test€jamais paraugs tiek filtréts caur filtrpapiru flakonos. Pec filtrésanas flakons uzreiz
tiek aizverts ar silikona blivi, noslédz ar plastmasas korki. Paraugu nepiecieSams testéet taja pasa
diena péc filtréSanas.

Darba gaita
Gazu hromatografa secigi ievada: tukSais paraugs un test€jamais paraugs. Katru paraugu
testeé tris reizes. Komponentu izdaliSanas seciba hromatogramma: metanols, hloroforms,
cikloheksans, benzols, toluols, etilbenzols, m-+p-ksiloli, o-ksilols.

Rezultatu apréekins
Hloroforma, cikloheksana, benzola, etilbenzola, m-+p-ksilolu, o-ksilola koncentraciju
(Xi) pg/L aprekina pec formulas:

X. = (Spar _Sb)ib 'Vpar D
' a 25

kur:

Spar - hloroforma, cikloheksana, benzola, toluola, etilbenzola, m-+p-ksilolu, o-ksilola
vidgjais joslas laukums testgjama parauga hromatogrammas, laukuma vienibas.

Sb - joslas laukums tuksa parauga hromatogramma, laukuma vienibas, ja saturs ne vairak
par 5 %

a - hloroforma, cikloheksana, benzola, toluola, etilbenzola, m-+p-ksilolu, o-ksilola
kalibréSanas grafika slipums

b - hloroforma, cikloheksana, benzola, toluola, etilbenzola, m-+p-ksilolu, o-ksilola
kalibréSanas grafika brivais loceklis.

Vpar - P & T iekartas nemtais parauga tilpums, mL (25 mL)
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D - dilution, P & T iekartas atSkaidiSanas koeficents. [5]

Rezultati un to izvertejums

Notekiidenu attirisanas darbibas (iekartas) ar jaudu 20 un vairak kubikmetru diennakti,
kuras attiritos notekiidenus novada vide.

Biologiskas notekiidenu attirisanas iekartas projektétas un uzceltas 70. gadu pirmaja
pusé ar jaudu 22000 m? diennakti un bija paredz&tas visu Olaines pilsétas komunalo notekiidenu
attiriSanai. Notekiideni pa spiedvadiem tiek padoti vispirms uz mehanisko attiriSanu. NAI
mehaniska attiriSanas iekartas sastav no smilSu uztvérgjiem un restém, kuras regulari jatira
manuali. P& mehaniskas attiriSanas notekiideni paSplisma nonak 3 sekciju savacgjtvertné jeb
izlidzinataja (tilpums - 15720 m®), kas nodroSina pietiekamu notekiidenu sajauksanos un
koncentraciju izlidzinasanos. 1zlidzinatajs tiek nepartraukti aeréts. 1zIidzinatajs ir izmantojams
arl notekiidenu uzkrasanai arkartas vai avarijas gadijumos, ja NAI iepludé konstatetu
piesarnojosu vielu parsniegumus. Notekiidenu biologiska attirisana notiek secigos divpakapju
aerotenkos, kas darbojas autonomi: pirmaja pakap€ ir 3, bet otraja — 5 triskanalu aerotenki.
Aerotenkos notiek notekiidenu sajauksanas ar cirkulacijas dinam. Katrai pakapei ir savi radialie
nostadinataji, dinu stkni un lieko diinu koncentratori. Pirms izpliides tidenstilpné notekiideni
plust cauri kontaktrezervuariem, no kuriem tos var novadit arT otrreiz&jai attirisanai. Liekas
diinas no diinu koncentratoriem tiek novaditas uz drenétiem betona diinu laukiem, no kuriem
drenazas tdeni caur stknu aku tiek atgriezti notekiidenu attiriSanas procesa. NAI diinu lauki
sastav no 6 kartém, ar katras kartes ietilpibu 48m x 12m x 1m = 576 m®. Kopgja diinu lauku
ietilpiba — 3456 m?®. AttiriSanas procesa sakuma un attirito notekiidenu izpliidé uzstaditi
automatiskie paraugu nonéméji. Notekidenu attiriSanas shému skatit 1.att. [6]

s

il “ NOTEKUDENU ATTIRISANAS IEKARTU SHEMA

1.att. Notekuidenu attiriSanas iekartas
2.attéla atspoguloti 17. korpuss, UKI Diennakts vidgjais paraugs AS ,,Olainfarm”
notekiideni Hloroforma rezultati par 2016. gadu treSdienas nonemtajiem paraugiem.
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2.att. 17. korpuss, UKI, AS ,,Olainfarm” notekideni Hloroforma rezultati
(koncentracija, ko nedrikst parsniegt — 4000 pg/L)

3.attela atspoguloti 17. korpuss, UKI Diennakts vidgjais paraugs AS ,,Olainfarm”
notekitideni Toluola rezultati par 2016. gadu treSdienas nonemtajiem paraugiem.
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Datums

3.att. 17. korpuss, UKI, AS ,,Olainfarm” notekiideni Toluola rezultati (koncentracija, ko
nedrikst parsniegt — 4000 ng/L)

4.attela atspoguloti 17. korpuss, UKI Diennakts vidgjais paraugs AS ,,Olainfarm”
notekadeni BTEX rezultati par 2016. gadu tresdienas nonemtajiem paraugiem. Redzams, ka
viens no paraugiem parsniedz So koncentraciju, tas ir saistits, ka cehos notika razoSanas
tehnologijas vai arl dazas laboratorijas tika veikti eksperimenti. Un divi paraugi gandriz
sasniedz maksimali pielaujamo koncentraciju (MPK).
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4. att. 17. korpuss, UKI, AS ,,Olainfarm” notekiideni BTEX rezultati (koncentrﬁcija; ko
nedrikst parsniegt — 4000 pg/L)

5.attéla atspoguloti BAC, izeja no II. pakapes aerotenka Diennakts vidgjais paraugs AS
,»Olainfarm” notektdeni Hloroforma rezultati par 2016. gadu pirmdienas nonemtajiem
paraugiem. Paraugos tiek parsniegta MPK, ta sir saistits, ka iekartas jau ir novecojusas un lidz
galam neattira notektidenus.
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5. att. BAC, izeja no Il. pakapes aerotenka, AS ,,Olainfarm” notekiideni Hloroforma
rezultati (koncentracija, ko nedrikst parsniegt — 2,5 ug/L)

Secinajumi

AS ,,Olainfarm” raZoSanas gaita rodas liels daudzums atsalpu, kurus mazga ar lielu
tidens daudzumu un kurus novada kanalizacija. Kuri péc tam nonak biologiskajas notekidenu
attiriSanas iekartas. Lai atrastu piemérotu risinajumu, pirmkart bija jaizpéta esosa tehnologiska
shéma. lekartas un aparati, kuri tagad strada notekiidenu attiriSanas procesa ir diezgan
novecojusas un tam jabiit samainitam uz jaunaku tehnologiju.

Rezultatos un izvertejuma tika atspoguloti rezultati par 2016. gadu. Konstatéts, ka
nonemtajiem paraugiem parsniedz maksimali pielaujamo koncentraciju (MPK) un tas ir saistits
ar cehu un dazu laboratoriju eksperimentiem un Kkonkréto razoSanas tehnologiju.
Eksperimentalas dalas uzdevums bija paradit problémas esamibu. P&c izpétitajiem rezultatiem
var izsecinat, ka paraugi, kurus nem pirms iepliides vienam paraugam parsniedz MPK un izeja
no II pakapes aerotenka hloroforma rezultati parsniedz MPK.
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Summary

AS ,,Olainfarm” during production creates a large amount of mother liquor, which is
washed with water and discharged into drains. Who then come in biological wastewater
treatment plants. In order to find an appropriate solution in the first place it was to explore the
existing technological scheme. Machines and apparatus, who are now working in wastewater
treatment process is quite outdated and should be swapped for newer technology. And the
results of the evaluation were reflected in the results for 2016. It was found that the samples
exceed the threshold limit value and it is related to the workshop and some laboratory
experiments and the particular production technology. Experimental part was to show the
existence of a problem. After studied the results can be deduced that the samples to be taken
before entering one sample exceeds the threshold limit value and the outlet of the second degree
aerotank chloroform results exceed the threshold limit value.
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SATELITDATU IZMANOSANA UDENS PIESARNOJUMA
NOTEIKSANA
DETERMINATION OF WATER POLLUTION USING SATELLITE DATA

Autors: Lilita Kalva, e-pasts k-lilita@inbox.Iv
Zinatniska darba vaditajs: Erika Teirumnieka, Mg.chem., e-pasts: erika.teirumnieka@rta.lv
Rézknes Tehnologiju akadémija, AtbrivoSanas aleja 115, Rézekne, LV-4601

Abstract: One of the major eutrophication - causing substances are all elements - phosphorus and
nitrogen, which enters the surface water from agricultural areas, sewage treatment plants and other sources.
Therefore, the more attention focused on the nutrient elements —phosphorus and nitrogen effects on algal
growth and weight gain. In Rezekne Technology academy laboratory experiments were carried out under
laboratory conditions, the algae, grown in weight gain, depending on the water temperature and nutrient
concentration. Lake Burtnieks is analyzed with satellite data. The results shows that satellite data can be used
for remote monitoring of bodies of water quality change and water quality forecasting.

Keywords: biogen pollution, Landsat 8, nitrogen, phosphorus, remote sensing, satellite image.

levads

Labas kvalitates tidens ir nepiecieS$ams gan cilvékiem, gan dabai, gan saimnieciskajai
darbibai. Udenstilpju stavoklis, tuvs dabiskajam, ir nepiecieSams, lai tidenT dzivojoSajiem un to
pat€r&josajiem organismiem bitu bariba un nepiecieSamas dzivotnes. Tas attiecigi nodroSina
tdens ekosistému stabilitati un normalu funkcionéSanu [2].

Udenstilpju eitrofikacija un tidens ekosistému degradacija ir atzita par prioritaru vides
probléemu Latvija. Lai samazinatu eitrofikacijas negativas sekas, svariga ir upju baseinu
kompleksa apsaimniekoSana. Ar piesarnojumu ir jasaprot slapekli (N) un fosforu (P) saturosi
savienojumi, ta saucamie biogenie elementi, ka arT silicijs (Si), kalijs (K) un citi dzivibai
nepiecieSami savienojumi, kas ar nokri$niem, seviski sniega kusanas tideniem, tiek izskaloti no
augsnes un tiesi vai caur melioracijas sist€mam noplist novadgravjos, ietek up@s un talak nonak
jura [1].

Petijjuma problema: monitoringa veikSana ar laboratorijas metodém ir salidzinosi
darga un laikietilpiga. IlgstoSiem nov€rojumiem ir izmantojamas attalinatas petijjumu metodes.

Lidz ar to autore izvirza sekojoSu darba merki: indikatorlielumu eksperimentala
atraSana Udens kopg€ja piesarnojuma noteikSanai, izmantojot satelitdatus.

Darba mérka sasnieg8anai autore uzstada sekojoSus darba uzdevumus:

1. Apkopot informaciju par dabas idenu piesarnojuma veidiem un [iment;

2. Apkopot teoretiskos materialus par satelitdatu izmantoSanu vides piesarnojuma
noteikSana un vides izpete;

3. Laboratorijas apstaklos veikt algu audzg€Sanu, mainot Gidens piesarnojuma
koncentraciju (izmatojot fosforu un slapekli saturoSos standartskidumus) un temperattru;

4. Veikt Burtnieka ezera izpéti, izmantojot pieejamos satelitdatus un tdens
kvalitates monitoringa datus;

5. Salidzinat ar satelitdatiem iegtitos vides kvalitates raditajus ar laboratorijas

apstaklos iegiitajiem.

Materiali un metodes
Laboratorijas apstaklos tika veikti eksperimenti, lai varétu noteikt algu intensitates
augSanas ietekméjoSos faktorus. Tika pétita tris faktoru — fosfatu un nitratu koncentracijas, ka
ar1 temperatiiras ietekme uz algu masas pieaugumu, jo Sie ir tie parametri, kas péc literatiiras
avotiem ir minéti ka algu attistibai un ziedé$anai noteicosie.

http://dx.doi.org/10.17770/het2017.21.3571
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Algu masas pieaugums atkariba no pievienota biogéna elementa koncentracijas tika
veikts pec $adas metodes:

Ezera udens paraugam, kura tilpums ir 200ml tika pievienota noteikta koncentracija
biogéna elementa (sk. 1.tabula). Slapekli saturosais savienojums tika izvéléts KNO3 un fosforu
saturosais savienojums - NasPOs. Katras koncentracijas paraugam tika veikti tris paralélie
mérfjumi. Paraugu temperatira tika uzturéta konstanta +20°C, jo algu intensiva augSana sakas
pie +18°C. Eksperimenta ilgums — 4 nedglas. Tika veikts arT kontrolmé&rijums ezera tidenim.

1.tabula
Pievienota kopéja slapekla un kopéja fosfora koncentracija aidens paraugos
Nr.pk. Pievienotais biogénais Pievienota biogéna elementa
elements kopé€ja koncentracija
(attieCigi Nkopun Pkop), mg/l
1. 0,1
2. 0.5
3. N 1
4. S)
5. 10
6. 15
7. 20
8. 0,01
Q. 0,05
10. P 0,1
11. 0,5
12. 1
13. 1,5
14. 2
15. 2,5
16 Nkopo,l + Pkop0,0l
17. N+P Nkop 0,5 + Pkop 0,05
18 Nkop 1 + Pkopo,l
19. Nkop 5 +Pk0p 0,5
20 Nkop 10 + Pkopl
21. Ezera tidens (biogénie elementi
nav pievienoti)

P&c 4 nedélam tika izfiltréts katrs paraugs un izzavéts zavskapi 60°C. [zzavétie paraugi
tika nosverti uz analitiskajiem svariem un aprékinata algu masa. Izfiltrétajiem skidumiem tika
noteikts kop€jais fosfors un kopg€jais nitratu daudzums ar spektrofotometru.

Algu masas picauguma noteikSana atkariba no Gidens temperatiiras tika veikts pec $adas
metodes:

Eksperiments tika veikts ¢etras dazadas temperaturas (sk. 2. tabuld). Katram paraugam
tika veikti tris paralélie merfjjumi. Biogéno elementu koncentracija visiem paraugiem tika
pievienota vienada — Nkop 5 Mg/l un Pkop 0,5mg/l, kas ir virs maksimali pielaujamam
koncentracijam virszemes tidenos. Eksperimenta ilgums 4 nedglas.
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2.tabula
Udens temperatiira analizéjamajiem paraugiem

N.p.k. Temperatiira, °C
1. 10
2. 15
3. 20
4, 25

P&c 4 nedélam tika izfiltréts katrs paraugs un izzavéts zavskapi 60°C. Izzavétie paraugi
tika nosverti uz analitiskajiem svariem un aprékinata algu masa.

Rezultati un to izvertejums

Eksperimentu gaita iegiitie rezultati tika apkopoti un izveidotas diagrammas. Tika
izpétits algu masas pieaugums atkariba no sakotngjas nitratu koncentracijas, fosfatu
koncentracijas, ka arT no sakotngjas nitratu un fosfatu koncentracijas.

Eksperimenta beigas tika pétits arT uznemta slapekla un fosfora daudzums, nosakot to
izfiltrétajam tdenim.

Ta ka temperatiira ir viens no noteico$ajiem faktoriem, kas ietekmé& algu attistibu
tdenstilpnés, tapéc eksperimentali tikai noteikta algu masas piecauguma atkariba no
temperaturas.

1.3. attéla ir att€lota algu masas picaugums pret sakotn€jo nitratu koncentraciju. Pec
iegltajiem datiem ir secinams, ka algu masas pieaugumu ietekm@ nitrati virszemes tdenu
sastava, jo paaugstinoties nitratu koncentracijai, palielinas arT algu masa. Visstraujakais algu
masas pieaugums ir iegits, kad nitratu koncentracija paaugstinas no 1 mg/l uz 5 mg/l. Pie
lielakam koncentracijam no 5 mg/I lidz 20 mg/1 algu masas picaugums notiek gandriz uz pusi
1enak. Latvijas ezeros nitratu daudzums svarstas no 1 Iidz 2 mg/1 [6].
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1.attéls Algu masas pieaugums pret sakotnéjo slapekla koncentraciju

Fosfora savienojumiem ir liela nozime tdenstilpju eitrofikacijas procesos. Ja
tdenstilp@s fosfatu saturs ir >0,05 mg/l un ir pietickami augsta temperatiira sakas intensiva algu
vairoSanas. 3.2.att€la ir apkopoti iegitie dati par algu masas picaugumu atkariba no fosfatu
koncentracijas. P&c ta var secinat, ka fosfatu ietekme uz algu vairo$anos ir ievérojama. Pie
mazam fosfatu koncentracijam, algu masas pieaugums ir niecigs, savukart, fosfatu
koncentracijai pieaugot no 0,5 mg/l lidz 1 mg/l, ir vérojams strauj$ algu masas pieaugums.

242



RTé 5 ' U. | 21. starptautiska studentu zinatniski praktiska konference

Lo

REZERNES TEHNOLOGIU AKADEMIIA Cilveks. Vide. Tehnologijas

Fosfatu koncentracijai pieaugot virs 1 mg/l algu masa vairs tik krasi nepieaug. To var izskaidrot
ar to, ka koncentracija ir tik liela, ka ta vairs neietekm¢ algu attistibu tik licla méra.
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2.attéels Algu masas pieaugums pret sakotnéjo fosfora koncentraciju

Laboratorija tika pétita abu biogéno elementu — fosfora un slapekla kopgja ietekme uz
algu masas picaugumu. Grafika (3.att€ls) ir vérojama tada pati tendence ka ieprieksgjos grafikos
(1.att€ls un 2.attels). Savukart vislielakais masas pieaugums ir posma 3-4, kura slapekla
koncentracijas pieaugums ir no 1 mg/l — 5Smg/l un fosfora koncentracijas picaugums ir no 0,1
mg/l — 0,5 mg/l.
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3.attels Algu masas pieaugums atkariba no sakotnéjas slapekla un fosfora
koncentracijam

Algu masas pieaugums atkariba no uznemta slapekla koncentracijas (4.att€ls). Alges

efektivak spg saistit slapekli no zemakas koncentracijas Skidumiem neka no augstakas
koncentracijas Skidumiem.
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4.attéls Algu masas pieaugums atkariba no uznemtas slapekla koncentracijas

Alges fosforu spgj saistit lidzigi ka slapekli — pie zemam koncentracijam labak neka pie
augstam (5.attels).
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S.attéls Algu masas pieaugums atkariba no uznemta fosfora koncentracijas

P&c literatiira pieejamas informacijas — algu intensiva attistiba un vairosanas sakas, kad
tidens temperatiira ir uzsilusi vismaz +18°C [8]. Tapéc laboratorijas apstaklos tika pétits algu
masas pieaugums, mainoties tidens temperatiirai. Eksperimenta gaita iegtitie rezultati apkopoti
3.6.att€la. Pec attéla redzama grafika ir secinams, ka temperatiiras ietekme uz algu masas
pieaugumu ir loti svariga. Péc grafika ir redzams, ka algu masas lielakais pieaugums ir
veérojams, temperatiirai pieaugot no +15°C lidz +20°C. Algu attistiba notiek arT pie zemakam
temperatiiram, bet salidzino$i nieciga, ka pie lielakam temperatiiram. Ta ka Latvijas ezeros
vasaras laika temperatiira ir robezas no +14°C lidz +24°C , tad ir redzams, ka temperatiiras
ietekme uz algu augsanu ir lielaka neka biogéno elementu liela koncentracija. Lidz ar to var
secinat, ka pie nelielam slapekla un fosfora koncentracijam pie temperatiiras no +15°C Iidz
+20°C sakas algu intensiva aug8ana. Tas nozimé, ka izmantojot alges i iesp&jams konstatét jau
nelielu biogéno elementu klatbutni.
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6.attels Algu masas pieaugums atkariba no temperatiiras

Burtnieka ezers ir ceturtais lielakais ezers Latvija, kas atrodas Ziemelvidzemes
rietumdala. Administrativi ezers ietilpst Burtnieku novada Burtnieku un MatiSu pagasta un
robezojas ar Vecates pagastu. Ezera senakais zinamais nosaukums ir Astigjerve vai Asters. Ta
savulaik ezeru saukusi $aja novada dzivojosie libiesi [3] [4].

Izveloties objektu, kurs tiks pétits ar satelitdatiem, tika atlasiti dati par virszemes tidenu
kvalitati Latvija ,,Latvijas, geologijas un meteorologijas centra” (LVGMC) majaslapas datu
arhiva [5]. Tika atlasiti tris parametri kopgjais slapeklis, kop€jais fosfors un tidens temperatiira.
AnalizgSanai ar satelitdatiem tika izvelets Burtnieka ezers, jo tas ir klasificets ka eitrofs un p&c
LVGMC pieejamajiem datiem, Burtnieka ezera novérojumu stacija ir konstatétas paaugstinatas
fosfora un slapekla koncentracijas. Dati par idens kvalitati Burtnieka ezera novérojumu stacija
pieejami no 2009.gada 1idz 2013.gadam, savukart Landsat 8 satelitdati sakot no 2013.gada. Ar
satelitdatiem tika izanaliz&tas 2013.gada, 2014.gada un 2016.gada paraugi, jo 2015.gada vasara
visi uznemtie satelitatt€li virs Burtnieka ezera bija parklati ar makoniem, tapéc tos nav
iesp&jams analizet.

Landsat 8 satelttattéli tika lejupieladéti ASV geologiska dienesta majaslapa [7]. legitie
satelitatteli tika apstradati ar programmas QuantumGIS palidzibu. legiito satelitatt€lu
1z8kirtsp&ja ir 30x30 m. Izmantojot pansharpening riku, ar algoritma palidzibu izskirtsp€ja tika
palielinata uz 15x15 m.

Hlorofilu saturoSie organismi tiek pétiti, izmantojot infrasarkano spektru (CIR), jo tie
atstaro sarkano gaismu un ir iesp&jams detalizétak noteikt vegetacijas stavokli un sastavu.
Katram ieglitajam satelitatt€lam tika izveidoti divi modeli — naturalo krasu modelis (RGB) un
infrasarkanais modelis (CIR).

Analizgjot iegiito 1.att€la RGB modeli vizuali var noteikt, ka Burtnieka ezera augsdala
ir eitrofikacija — gaiSi zalgana krasa. Apstradajot satelitatt€lu ar infrasarkano krasu modeli
l.attela CIR, tiek ieglita informacija, ka uz tidens virsmas ir sastopama vegetacija — roza krasa
(att€los atziméti laukumi 1. un 2., kuros identificEjama vegetacijas attistiba tiden).
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Peéc LVGMC datiem 2013.gada vasara Burtnieka ezera slapekla saturs svarstijas no 0,99
mg/l 1idz 1,99 mg/l, fosfora saturs sasniedza 0,154 mg/l. Udens temperatiira 27.augusta
sasniedza 21,2°C, kas nodrosinaja labvéligus apstaklus algu attistibai un ziedé$anai.

8.attéls Burtnieka ezers 24.08.2014. RGB un CIR modeli

2014.gada Burtnicka ezera monitoringa noveérojumu stacija netika veikti @dens
kvalitates mérjjumi. Analiz€jot un salidzinot iegiitos satelitdatus 2014.gada un 2013.gada,
1.laukuma vizualas izmainas nav manamas, savukart 2. laukuma ir redzams, ka tidens virsmu
ir parklajusi tdensaugi, ar lielaku hlorofila daudzumu.

2015.gada iegiitie satelitdati nebija derigi analiz€Sanai, jo visos uznémumos Burtnieka
ezers bija parklats ar makoniem.

Salidzinot 2016.gada satelitatt€lu ar 2014.gada satelitatt€lu, nav manamas tidensaugu
platibu izmainas.

9.atte'l Burtnieka ezers 29.06.2016. RGB un CIR modeli

Salidzinot visus iegilitos satelitatt€lus no Landsat 8, var secinat, ka satelitdatu
izmantoSanu tdens piesarnojuma noteikSana var pielietot virszemes tdenu monitoringa
sakumposma. Iesp€jams analiz€t lielas teritorijas, salidzino$i atrak neka apsekojot katru
tdenstilpni apvidi. Ar satelitdatiem iesp&ams noskenét, pieméram, visus Latvijas ezerus,
identific@t, kuros pastav eitrofikacijas pazimes un p&c tam veikt kvalitates analizes Siem tidens
objektiem. Ar satelitdatu palidzibu nav iesp&jams noteikt piesarnojuma Iimeni, algu sugu vai to
kvantitati, jo iegiito satelttatt€lu izskirtsp&ja ir 30x30 m, kuru paaugstinot lidz 15x15 m ar
algoritma palidzibu, pastav sameéra liela klida. Lai iegttu kvalitativakus datus, tidenstilpnes
autore piedava risinajumu — skenét petamos objektus ar hiperspektralajam kameram, kuru
iz8kirtsp&ja ir augstaka, Iidz ar to, no uzpemtajiem att€liem ir iesp&ams iegit vairak un
precizaku informaciju.

Secinajumi
1. Eksperimentu gaita tika konstatéts, ka algu attistiba ir atkariga no nitratiem,
fosfatiem un Gidens temperatiiras, liclaka ietekme uz algu masas pieaugumu ir temperatiirai.
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2. Vislielakais algu masas pieaugums vérojams, temperaturai mainoties no 15°C
uz 20°C, kas Latvija novérojama no junija lidz augustam.

3. Lai detalizéti var€tu izpétit Gdens piesarnojumu ar satelitdatu palidzibu, ir
nepiecieSams analiz€t un savakt pec iesp&jas vairak satelituzn€mumu.

4. Viena no problémam ir satelitdatu kvalitate — uzn@mumi kurus aizklaj makoni,
nav iesp&jams izmantot analiz&€Sanai. Lai precizitate biitu lielaka, nepiecieSama augstaka att€lu
1z8kirtspéja.
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Abstract. The paper explores the possibilities to treat wastewater with electroflotation method.
Wastewater from wood processing industry were treated on constructed laboratory electroflotator at different
temperatures and time intervals. Obtained optimal treatment regimes.

Keywords: wastewater treatment, electroflotation, lignin, cellulose.

levads

Viens no galvenajiem koksnes parstrades veidiem Latvija ir finiera razosana. Latvija ir
lielakais saplaksna razotjs Austrumeiropa. Katru gadu tiek sarazoti ap 140000 m® saplaksna.
Tiek uzskatits, ka tas ir viens no efektigakajiem un ekonomiskakajiem b&rza koksnes parstrades
veidiem. Vienlaikus strauj$ produkcijas apjoma picaugums uzn€muma var atstat ievérojamu
ietekmi uz apkart&jo vidi. Finiera raZoSanas atkritumi galvenokart ir bérzu skaidas un miza lidz
145 t/gada, ka ari liela daudzuma notekiideni. Hidrotermiska baseina koksnes notekiidenu
sastava ir celuloze, lignins, ekstraktvielas .Hidrotermiska apstrades baseina koksnes
notekiideniem ir specifisks piesarnojums no koksnes suspendétam un iz§kidusam vielam ar pH
5.2 , kuru nespgj attirit pils€tas notekiidenu attiriSanas iekartas. Koksnes hidrotermiskas
apstrades rezultata Skiduma pariet zemmolekularie lignina, celulozes, ekstraktvielu
savienojumi koloidalu dalinu veida, kas praktiski nesedimenté un nav atdalami filtrjot.
Nozimigu kait€jumu tdens kratuvém var radit izSkidinatais skabais lignins, ko nevar atdalit no
tidens ar biologisko attiriSanas metodi, izmantojot aktivas diinas. Salidzinot ar vid&jo pilsétas
notekiidenu sastavu koksnes notekiidenu specifiska koncentracija parsniedz 3 reizes. Nonakot
pilsétas notekidenu biologiskas attiriSanas iekartas tie negativi ietekmé mikroorganismu
dzivotsp€ju aerotenkos. Tapeéc uznémuma notektideni péc lokalajam attiriSanas iekartam tiek
atSkaiditi.[8,9], ka rezultata palielinas kopgjais notekiidenu daudzums , tiek nelietderigi
izmantoti tdens resursi .Labakais variants ir veikt notekiidenu iepriekS€jo attiriSanu bez
Kimisko reagentu izmantosanas . Analize rada, ka viena no perspektivakajam metodém koksnes
notektidenu attirisana varétu but elektroflotacija [1,2].

Elektroflotacijas kamera notiek $adi pamatprocesi:

Elektronu plisma — tideni veidojosas elektronu plisma izraisa Gideni esoSo dalinu
polarizaciju, ka rezultata koloidalas dalinas nogulsné&jas, veidojas arT osmotiskais spiediens,
kur§ noarda bakterijas, cistas, virusus.[4]

Oksidésanas — reducéSanas reakcijas. Neitrala un skaba videé uz anoda notiek Gidens
molekulu polarizacija un izlade ar skabekla izdaliSanos un hidroksida jonu veidoSanas. Uz
katoda noris elektrokimiska reakcija, kur notiek jonu reducéSanas ar gazveida Udenraza
1zdaliSanos un tidens molekulu veidoSanos [5].

Elektrolize —iidens elektrolita sadaliSanas procesa notiek gazveida idenraza un skabekla
veidoSanas uz anoda un katoda.

Atkariba no tidens pH, uz elektrodiem notiek dazadas oksidéSanas - reduce€Sanas
reakcijas[4].

Balinasana — process, kura reakciju kamera raduSies skabekla joni oksidé krasvielas,
cianidus, baktérijas.[5]

Parslosanas —notiek elektrolitisko gazes burbuliSu veidosanas ( 10 - 100 mlm). Gazes
burbuliSiem ir virsmas ladins, kur§ sakrit ar elektroda 1adina zimi , uz kura notiek attiecigais
elektrokimiskais process. Tas veido labvéligus apstaklus disperso dalinu savstarp€jai

http://dx.doi.org/10.17770/het2017.21.3574
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savienoSanai, ka rezultata rodas noturigi flotokompleksi (parslas ), un tiek nodrosinati
attiriSanas procesi [6]

Materiali un metodes
Petijumu objekti — finiera razotnes hidrotermiska baseina koksnes notektideni.
Notektideni tika paklauti elektorflotacijai uz izstradatas laboratorijas elektroflotacijas
iekartas dazados rezimos — pie dazadam temperatiiram un dazadiem flotacijas laikiem ar merki
noteikt optimalos notekiidenu apstrades rezimus
Elektroflotacijas iekartas izveidoSana un darba parametru noteikSana

1. attéls Elektroflotacijas eksperimentalas iekartas uzbuve
a) principiala shema ,b) elektroflotacijas kameras skats no augsas .1 - starpsiena; 2 —
maisitdja rotors, 3- nosédzona, 4- maisitaja elektromotors; 5-elektrodu pakete; 6- kamera; 7-
korpuss; 8- maisitaj kamera; 9- ampermetrs, 10- reversa slédzis, 11, 15 — reostats; 12-
voltmetrs; 13- taisngrieza tilts, 14- transformators;16 - grafita stieni

Elektrodu kamera (att.1) ir ievietota elektrodu pakete (5), kura sastav no plakanam
aluminija platném un starp platném grafita stieni, kuras sastiprinatas ar 5 garam skravém. Lai
nesaskartos, aluminija platnes atdalitas ar plastmasas cilindriskiem izolatoriem. Vidgjais
attalums starp aluminija platném 10,8 mm. Para un nepara platnes savienotas ar vadiem divas
grupas, kuras pieslédzamas pie taisngrieza, attiecigi pie pozitiva un negativa pola [3].

Nosedtvertné ievietots maisitaja rotors ar lapstinam (2). Flotatora tvertnes apakSa ir
izveidota trijstira prizmas forma, kura sakrajas nogulsnes. Papildus aprikojuma ietilpst:
mainstravas transformators(14), taisngrieza tilts(13), ampérmetrs (9), voltmetrs (12) un reversa
sledzis (10) [5].

Elektroflotatora kamera tiek piepildita ar notekiidenu paraugu , uz aluminija platném
tiek padota lidzstrava un ieslégts maisitajs.

Lidz ar to sakas flotacijas process , kur§ sastav no sekojoSiem etapiem (2. att.):

1. Trisvértiga aluminija jonu Al 3* izdaliSanas.
2. Al 3 tiek izkliedéts pa abam kameram un sak veidoties micellas Al 203
3. Micellas centriem piesaistot piesarnojumu veidojas parslas, ka art notiek

flotacijas process, kad piesarnojumam pielip klat skabekla un tidenraza burbuli.
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4, P&c elektrflotacijas procesa parslas nostajas tidens virspusé [3]

2. 3 4
2. attéls Elektroflotacijas procesa etapi. [3]

Eksperimenta uzdevums: izpétit elketroflotacijas procesa efektivitati atkariba no
koksnes notekiidenu temperatiiras C un elektroflotacijas laika t. Tika izstradats divu faktoru
nepilnais faktorialais eksperimenta plans. AttiriSanas procesa rezultati tika vertéti izmerot
sakotn&jo un apstradato notektidenu KSP , elektrovaditsp&ju , pH un nogulsnéto vielu masu .

Pétijjuma aparatira:

Eksperimentu veikSanai tika izmantotas sekojosas iekartas un laboratorijas piederumi:
pasSizgatavota eletroflotacijas iekarta- laboratorijas méroga riipnieciskas iekartas prototips ,
elektrotesteris, reostats, varglaze, svari, stikla ntijina, mércilindri, piltuves, filtrpapiri[3].

Eksperimentam tika nemti realie notektideni no hidrotehniska baseina. No tvertnes vidii
esosa krana eksperimentam ikreiz tika panemti tieSi 200 ml sagatavota skiduma. Analiz€jamam
koksnes Skiduma paraugam tika nodroSinatas temperatiras:C: =10 0C, C,=20°C,Cs=
30°C,C4=40°C,C5=50°CJ[3].

Elektroflotacijas procesa darba gaita

Eksperimenta sakuma tiek saslégta elektriska shéma. Visa eksperimenta gaitd ar
voltmetra un ampérmetra palidzibu nepartraukti tiek kontrol&ts stravas stiprums un spriegums,
ka ar1 skiduma pH vértiba elektroflotacijas kamera[3].

P&c tam elektrisko kédi ar aluminija elektrodu paketi pieslédz pie stravas avota un sakas
elektroflotactjas process. [3]

Maisitajs pirmaja eksperimenta tiek darbinats 10 miniites, otraja eksperimenta 20
mindites, treSaja eksperimenta 30 miniites, ceturtaja eksperimenta 40 minttes, piektaja
eksperimenta 50 miniites. Tads laika intervals tiek ieturéts eksperimentos ar visiem Skidumiem.
Velak visu iekartu izslédz un nogaida 10 minttes, lai dota Skiduma parslas nostatos tidens
virspusg[3].

AnaliZzu veik§ana
Organiska stikla tilpn€é vidus dala atrodas krans un no ta panem 200ml tidens, jo tilpnes
vidus dala ir dzidraks $kidums. P&c tam samaisa Skidumu un ar varglazes palidzibu panem no
organiska stikla tilpnes Skiduma paraugu priek$S parslu masas noteikSanas. Abi panemtie
paraugi tiek ielieti koniskajas kolbas. Un uz kolbas uzraksta kartas numuru un novieto pie
pargjam kolbam. Meéra péc kriterijiem elektrovaditsp&jas un kimiska skabekla patérina
izmainam|[3].

Eksperimenta mainigie un nemainigie faktori
Eksperimenta plans, mainigie parametri:

° C- temperatiira : C1 =10 0C, C,=20°C,C3= 30°C,C4=40°C,C5=50°C,
. laiks t: t1=10, t2=20,t3= 30,t4= 40, t5= 50 min.

Nemainigie:

o stravas stiprums [=2 A

. stravas blivums ir 52 A/m?

o spriegums V=21 -23V
elektrodu materials - aluminijs un grafits
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Pétijumu rezultatu apstrade
Kopgjo notekiidenu skabumu nosaka péc formulas:

csk = Lxer VeV 400 [ml/100ml],

anal Vizv*Maugsnes
kur
Ckal - KCl koncentracija [g/ml],
Vkcei - KCI daudzums, izmantotais titréSanai [ml],
Vi -izvilkuma daudzums, kurs tika nemts analizei [ml].

Masas koncentraciju (c) [ml/l], zinot daudzuma koncentraciju (Cn) [mols/1],aprékina
péc formulas : C = Cn*M, kur M ir vielas molmasa.
224 g/mol *0,05N

1000ml

MC10H18N2Na202 = 244g/m0l = = 0,0122 ml/ml

Kalcija satura noteik§ana notekiidenos :
1) Koksnes notekiideni no SIA"Verems"

csk = SxerVrerV 10 = 2012zml/mb22mi/ml, 460 = ,0532 ml/100ml  =0,53

Vizv¥Maugsnes 50ml/ml

mi/|

2) Koksnes notekiideni péc attiriSanas

Csk (Cit)) = 0,53ml/l;  CSk . (Cyty) = 0,47 ml/l;  CSK,,(Cst3) = 0,52 ml/l;
Conar(Caty) = 0,53 ml/1; C5% 1 (Csts) = 0,52 ml/l; Cox oy (Csty) = 0,53 ml/l;

C3k 1(Caty) = 0,53 ml/L; C3X . (Cyty) = 0,51 ml/L; CSK,,(Csty) = 0,52 ml/I;

Kalcija un magnija kopgja satura noteik$ana notekdenos:
1) Koksnes notektideni no SIA"Verems"

Coky = ket rell 100 = 0,94g/kg
Vizv¥Maugsnes
Parslu masas aprékins:
mi-M2=Mms
m2 - filtrpapira masa
m;y - filtrpapira un sausas vielas masa ( 200ml )
M3 - sausas vielas masa, Cits - 1,05 - 0,75 = 0,31g, 1l - 1,5¢

60

50

: S

ATTIRISANAS EFEKTIVITATE E ,% KSP

30
E=0,0371T2-2,2786T+ 68,6

20 R?=0,9465
w10
]
1

0
0 10 20 30 40 50 60
TEMPERATURA T ,0C

3.attéls Kimiska skabekla patérina izmainas atkariba no temperatiiras T
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— =

Kimiskais skabekla paterins tiesi raksturo attiriSanas efektivitati. Vislielakais attiriSanas
efekts ir pie 10 °C ka arf otrais lielakais attiriSanas efekts ir pie 50 °C, bet grafika redzams, kas
vismazakais attirisanas efekts ir pie 30 °C (att. 3.). Regresijas koeficients - 0,946 —korelacijas
vienadojums precizi apraksta sakaribu starp KSP un temperatiiru .

60
E=0,0436t%-2,4543t + 67,7/;

50 < R?=0,987
40 \ //%

ATTIRISANAS EFEKTIVITATE, E %KSP

30

20

10

0 10 20 30 40 50 60
LAIKS t, min

4.attels Kimiska skabekla paterina izmainas no elektroflotacijas laika t

Sakariba starp KSP izmainam un elektroflotacijas laiku rada minimalo attiriSanas
efektu pie 30 min (att. 4.). Vislielakais attiriSanas efekts ir pie 50 min, ka ar7 otrais lielakais
attiriSanas efekts ir pie 10 min. Izveidota matematiska sakariba starp Siem lielumiem arT ir ar
visai augstu regresijas koeficientu R?=0,9877

40

0 10 20 30 40 50 60
TEMPERATURA T, 0C

5. attels Elektrovaditsp€jas izmainas atkariba no temperatiuras T

Elektrovaditspgjas izmainas atkariba no temperatiiras raksturo pieaugoSa polinomu
likne ar minimumiem un maksimumiem (att. 5.). Minimuma punktos elektrovaditspgja ir liela,
savukart maksimuma punktos elektrovaditsp&ja ir maza. Elektrovaditsp&jas minimumi
novérojami pie 10°C, 20°C, 40 °C, savukart maksimumi pie 30°C un 50°C temperatiiras.
Koksnes notekiideni satur celulozi, ligninu un ekstraktvielas. Maksimumi un minimumi saistiti
ar attiecigo dalinu kimiskas mijiedarbibas procesiem pie attiecigiem laikiem un attiecigas
temperaturas.
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6. attels Elektrovaditspéjas izmainas atkariba no elektroflotacijas laika t
Elektrovaditsp&jas izmainas atkariba no laika raksturo pieaugosa polinomu likne ar
Minimumiem un maksimumiem. Elektrovaditsp&jas minimumi noveérojami pie 10, 20, 40 min.,

savukart maksimumi pie 30 un 50 min (att. 6.)

Pétijuma rezultati

1. tabula
Eksperimenta rezultati ar hidrotermiska baseina koksnes notekiideniem
Faktoru
ITmeni
(C- PH EVS KSP | Nogulsnu | Kalcija saturs
temperatara | laiks | att., att. att., | masa(1L), | notekiidenos
: sk. mS g/l g mi/I

t- laiks)
Citl 10 | 5,01 216 3,20 1,3 0,53
c2t2 20 5 215 3,52 15 0,47
C3t3 30 | 51 200 3,77 7 0,53
Catd 40 | 5,08 211 3,20 7,25 0,53
C5t5 50 | 5,07 140 2,8 8 0,52
Cstl 10 5 217 2,68 14 0,53
Cat2 20 | 5,01 218 3,46 1,65 0,53
C2t4 40 5 219 3,38 6 0,51
C1t5 50 5 212 2,34 15 0,52

Neattirito notekiidenu parametri : KSP=5,51 g/l ,EVS =266 mS, pH=5,17, Canal. kalcija
saturs — O,53m|/|

Eksperimentalas iekartas darbinasanas laiks (t) un temperatiira(C) ir mainigie faktori,
kurus mainot (savstarpgji kombingjot) tiek iegiiti dazadi attiriSanas efektivitates rezultatus
raksturojosi raditaji. No tabulas 2.3. redzams, ka pie 30 °C un pie 30 miniitem KSP ir
vislielakais (3,77g/1), savukart vismazakais (2,34g/l) pie 10 °C un 50 minatém. Vismazaka

253



RT 21. starptautiska studentu zinatniski praktiska konference
Cilvéks. Vide. Tehnologijas

REZERNES TEHNOLOG WU AKADEMIIA

elektrovaditsp&ja (140 mS) ir pie 50 °C un 50 miniitém, tas ir logiski, jo ir viss lielaka (219 mS)
temperatiira un laiks, rodas vislielaka parslu masa, bet pie vislielaka elektrovaditspéja ir pie 20
C un 40 miniitém. Vislielaka parslu masa (8 g) ir pie 50 °C un 50 miniitém, bet vismazaka
(1,3 g) ir pie 10 °C un 10 min@itém - mazaka laika un mazakas temperatiiras. Neattiritiem un
attiritiem koksnes notekiideniem pH (5-5,17) un kalcija (0,47 - 0,53 ml/l) saturs ir praktiski
nemainigs visos eksperimentos visa divfaktoriala eksperimenta plana gaita (skat. 1. tabulu).

Secinajumi

Kimiskais skabekla patérin§ (KSP) tieSi raksturo attiriSanas efektivitati. Veicot
eksperimentu ar kokapstrades uznémuma notekiideniem izmantojot elektroflotacijas metodi
tika noskaidrots, ka vislielakais attirisanas efekts atkariba no temperatiiras ir pie 10 °C un pie

50 °C, savukart attirisanas efekts atkariba no laika ir pie 10 un 50 min.

Izmantojot elektroflotacijas metodi koksnes notekiidenu attirisana vislielakais efekts
tiktu panakts pie 10 gradiem un iekartu darbinot 50 miniites.

Elektrovaditsp&jas izmainas atkariba no temperatiiras raksturo pieaugosa polinomu
likne ar minimumiem un maksimumiem. Elektrovaditsp&ja raksturo koksnes notekiidenu
kimisko dalinu mijiedarbibu elektroflotacijas laika, tacu dal€ji var raksturot attiriSanas
efektivitati.

Kopgja virziba: elektrovaditsp&ja cikliski samazinas, palielinoties gan laikam, gan
temperatirai.
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1ZSKIDUSA SKABEKI.A DAUDZUMS UDENI SKRIPSTU HES
UZPLUDINAJUMA
DISSOLVED OKSYGEN LEVEL IN THE SKRIPSTI HPP DAM

Autors: Mara Pruzinska, e-pasts: mara.p@inbox.lv
Zinatniska darba vaditaja: Inara Laizane, Mg. paed. lektore
Rézeknes Tehnologiju akadémija, InZenieru fakultate, Atbrivosanas alejas 115, Rézekne

Abstract. The aim of research was to explore the dissolved oxygen concentration on the Skripsti
dam. The research was made in the vegetation period on the year of 2016. For the determination of the
oxygen level in the dam was used the oximeter. Tests were made in the start of summer, in the end of summer
and in the late autumn.

Keywords: dam water, dissolved oxygen, water column stratification

levads

Uz upes uzcelts aizsprosts iespaido tidens kvalitati taja un raksturigos upes tdens
radttajus tadus ka izskidusa skabekla koncentraciju un tidens temperatiiru, jo aizsprosta dambis
augsbjefa rada plasu tidens spogulvirsmu, kas akumul@ saules energiju un tidens virsma plasaja
idenskratuves teritorija uzsilst un ir neraksturiga upes dabiskajai temperatirai. Sie tdens
raditaji ir svarigi up€ mitoSo dzivo organismu eksistencei un izmainas tajos var novest pie
atsevisku sugu individu skaita samazinaSanos vai pat iznikSanu, jo tiek raditi maksligi stresa
apstakli, kas organismiem ar Sauru ekologisko valenci var bt to eksistencei nelabvéligi. $adu
uzsiluSu tdens masu, laizot pari sliizam, var izraistt stresa apstaklu radisanu arT lejasbjefa, jo,
iztekot cauri aizvaram, tidens netiek atdzes€ts un bagatinats ar skabekli, tad€] aizsprosta
uzpludinajuma ietekme var izraisit sekas vél vairakus kilometrus aiz aizsprosta, kamér tidens
masa atdziest 11dz upes raksturigajai temperatiirai un papildinas ar skabekli dabiskos procesos.
[1, 23] Uzpludinajuma izskidusa skabekla koncentracija ir loti svarigs faktors zivju sugu
eksistencei un daudzveidibai taja un zivju resursu saglabasana tidenskratuves teritorija.

Pavasar1 tidens temperatiira tdenskratuvju tilpnés ir gandriz vienada jebkura
tdenskratuves dziluma, ta rezultata iideni iz§kidusas gazes ir vienmerigi sajauktas, bet, iesilstot
apkart€jai vides temperatiirai, var veidoties tidens stratifikacija, tas ir, Gdens virskarta kliist
vieglaka un siltaka, bet vésakais tidens, kas ir blivaks, izveido stabilu apaks€jo slani, tadel
vasara apak$gja slana cirkulacija tidenskratuve var tikt trauceta un izSkidusa skabekla limenis
apaks$€ja slani samazinaties, jo samazinas kontakts ar gaisu un fotosint€ze norit traucéti.
Atkritumu produktu oksidéSanas un sadaliSanas var veél vairak samazinat skabekla ITmeni
apaksgja slani. Sada Gdens stratifikacija var ilgt vairaku nedélu garuma un $adi nelabvéligi
apstakli, ka ar1 peksnas lietusgazes, kuras atvesinas augseja slana tideni, izraisot apaksgja slana
un augseja slana sajaukSanos, tadejadi samazinasies kopgjais iz8kidusa skabekla limenis, var
izraisTt masveida zivju slapsanu. [2, 1] Sads process, kad augsgjais slanis kliist vésaks un izraisa
tdens slanu sajauksanos, noveérojams ari rudens sezonas. Ja idenskratuve ir aizsalstosa ziemas
sezona, tad skabekla SkiSana starp gaisu un tidens virsmu tiek partraukta, rezultata idenskratuve
bistami var samazinaties iz§kidusa skabekla koncentracija, kas var novest pie zivju slapSanas.
3. 4]

Ja iz8kidusa skabekla koncentracija ir zem pielaujamajam minimalajam vértibam,
strauji pieaug zivju mirstiba, ari reprodukcijas Iimenis, pieméram, ja izSkidusa skabekla
koncentracija ir zemaka ka 6 mg/1, 1aSi nav sp&jigi narstot, bet, ja koncentracija ir zemaka ka 2
mg/l, izziild bezmugurkaulnieku fauna, bet, ja koncentracija ir zemaka ka 1 mg/l, tad strauji
samazinas bentosa mitoso organismu skaits. [4, 3]

Vasaras perioda novérota koncentracija izpliistoSajos tidenos var but sliktaka ka
tdenskratuves virs€jam slanim tidens noslanoSanas del, bet ziemas, pavasara un rudens

http://dx.doi.org/10.17770/het2017.21.3572
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periodos tdens masa udenskratuvé ir samaisijusies un novérotas izS8kidusa skabekla
koncentracijas ir lidzigas. Anomala skabekla koncentraciju palielinasanas apaksgjos slanos var
tikt noverota rudens sakuma, kad apaks$gja slana tidens masa sak izsikt, bet patstavigi
tdenskratuve ieplust auksta idens masa, rodoties fidens starpslanim, kur temperattras gradients
mainas straujak. [3, 5]

Materiali un metodes
Skripstu hidroelektrostacija celta uz Vijas upes piecpadsmita kilometra un atrodas
Vijciema pagasta teritorija, kur izveidota Jaunlezdinu idenskratuve. Udenstilpe tiek izmantota
HES turbinu darbinasanai. Pie aizvariem udenskratuves dzilums sasniedz 3 metrus.
Udenskratuves spogulvirsmas platiba pie normala tidens uzstadinajuma Iimena ir 8,8 ha, bet 5,5
ha no tidenskratuves teritorijas ir sekliidens zona, kur idens dzilums neparsniedz 0,8 metrus.
Lai noteiktu tdenskratuves ietekmi uz dzivo organismu nepiecieSamo izskidusa
skabekla koncentraciju, iidenskratuves teritorija un lejasbjefa tika veikti §1 parametra mérijjumi.
1z8kidusa skabekla mérijumi Vijas upes Jaunlezdinu tidenskratuve tika veikti 2016. gada 21.
maija plkst. 15.00, 18. septembrT plkst. 15.00, 6. oktobr plkst 14.00. Viena merijjuma veikSanas
diena tika izdariti etri me&rjjumi augsbjefa pie aizsprosta slizam ik pa dziluma metram un divi
mérfjumi Gidenskratuves sekliidens zona, ka ar1 viens merijjums tika veikts lejasbjefa 7 km pa
upi uz leju no aizsprosta. Mérijumi tika veikti ar R€zeknes Tehnologiju akadémijas mobilo
iz8kidusa skabekla meriekartu (oksimetru) Gdenos LDO101, diapazona no 0 lidz 10 mg/l
Meraparata precizitate £ 0,1 mg/l. Meérjjumu izdariSanas bridi maija un septembri aizsprosta
turbina nedarbojas un cauri aizsprostam plist Gdens ar minimalo garantéto caurplidumu,
oktobri, veicot mérijjumus, uzstadita hidroturbina darbojas.

Rezultati un to izvertejums

Vasaras sakuma udenskratuve pie sliizam virsgja slani iz§kidusa skabekla koncentracija
ir tikai par 0,16 mg/l mazaka, ka ta ir lejasbjefa, kas skaidrojams ar intensivaku skabekla
iztvaikoSanu no Gidens virsmas un tidens masas lielaku temperataru (17,4 °C) ka lejasbjefa (13,3
°C). Udenskratuves sekltidens zona koncentracija ir zemaka par 1 mg/l ka ta ir pretT slizam, kas
izskaidrojams ar apaugumu sekliidens zona un tdens masas relativu nekustigumu, jo
tdenskratuve preti sltizam tidens apmaina noris intensivak.

Septembra vidi Gdenskratuve i1z§kidusa skabekla koncentracija (4,58 mg/l pie sliZzam
un 4,86 mg/l seklidens zond) ir tuvu kritiskajai robezai zivim nepiecieSamai minimalai
skabekla koncentracijai, kas ir 4 mg/1, ko varétu izskaidrot ar vegetacijas perioda beigu posmu,
vasaras sezonas beigam, kura bija noverojamas augstas gaisa temperatliras, ka arl
tdenskratuves idens masas nekustigumu, jo mérijjuma diena tidenskratuvé turbina nedarbojas
un Gidens lejasbjefa pliist tikai maziidens garantéta caurpliduma apmeéra.

Oktobra sakuma tidenskratuve iz8kidusa skabekla koncentracija, salidzinot ar skabekla
koncentraciju lejasbjefa, atSkiras zemaka par 1,7 mg/l, tomér i1z§kidusa skabekla koncentracija
ir tuvu optimalajai skarveidigajam zivim nepiecieSamajai koncentracijai (~ 7 mg/l). Skabekla
koncentracijas palielinasanos tdenskratuve, salidzinot ar septembra novérojumiem var
izskaidrot ar Gidens masas atraku apmainu, jo mérjjumu izdariSanas bridi darbojas aizsprosta
uzstadita turbina, ka arT ar tidens masas tdenskratuve atdziSanu.

Izskidusa skabekla mérjjumi 2016. gada 21. maija, 18. septembr1 un 6. oktobr1 apkopoti
un doti 1. tabula.
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1.tabula
Iz8kidus$a skabekla meérijumu rezultati Jaunlezdinu idenskratuves augSbjefa un
lejasbhjefa
AUgSE’JffS pie Al_lgsbjefs, Lejashjefs
slizam sekltidens zona
=] > O > O > O
) = 5} = — 5} = 5}
23 B EE | B 2% | ¢
BT e BT 2] &
w2 n n
02| 751 | 174 | 6,52 16,3 7,67 13,3
0 1 6,67 | 144 | 6,42 14,9 - -
< | 2 | 534 | 132 - - - -
3 3,95 | 131 - - - -
0,2 | 458 | 139 | 4,86 13,9 7,91 12,5
s 1 499 | 132 | 491 13,4 - -
X 2 532 | 12,8 - - - -
3 521 | 12,7 - - - -
02| 708 | 91 6,88 8,7 8,77 8,5
S 1 8,16 | 84 6,51 8,5 - -
S | 2 | 823 | 83 - - - -
3 8,20 | 8,2 - - - -

Lejasbjefa noverotas iz§kidusa skabekla koncentracijas ir augsbjefa maz ietekmétas, ko
var izskaidrot ar Vijas upes avotainibu un lielo attalumu no hidrotehniskas biives lidz m&rijumu
vietai lejasbjefa (7 km). Maija novérota koncentracija salidzinosi bija vismazaka (7, 67 mg/l),
bet pakapeniski piecauga (septembri 7,91 mg/l un oktobr1 8,77 mg/l), ko varétu izskaidrot ar
upes tidensaugu fotosintézi vegetacijas perioda.

Lai uzskatamak paraditu 1z§kidusa skabekla koncentracijas atkaribu no tidens dziluma
un idens temperatiiras, izSkidusa skabekla un temperatiiras salidzinajums Jaunlezdinu
tdenskratuve pie slizam ir apkopots 1., 2., 3. attélos.
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= O - 6,0 g"
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1,00 - 2,0
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1. attéls 1zSkidusa skabekla un temperatiiras atkariba no udens dziluma
udenskratuve 21.05.
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21. maija noveérojumos (skatit 1. att€lu) vérojama tidenskratuves tidens stratifikacija, tas
ir, noslanoSanas — temperatiira un iz8kidusa skabekla koncentracijas pazeminas, palielinoties
tdens dzilumam. Apaks€ja tidens slani skabekla koncentracija (3,95 mg/l) ir zem zivju
eksistences minimalajai iz8kidusa skabekla koncentracijas robezai (4 mg/1), kas var biit bistami
tdenskratuves uzkrasanas perioda turpinasanas gaisa temperatiiras palielinasanas gadijuma, jo
skabekla koncentracija $ados apstaklos var samazinaties arT aug$gjos slanos.

5,40 14,0
A 139 I
5,30 N
N\ B8~ o, | B8
520 \ yd e O
B510 N I
é, 5,00 499 L 134 §
2 4,90 1 132 &
" / \5 ' E
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4,70 / ™~ |
! S~ 128
460 - ) Sy - 12,8
! 4,58 A 127
4,50 T T T T T T 12,6
0 0,5 1 15 2 2,5 3 35
_ . _ Dzilums, m
M - skabeklis;A - temperatiira

2. attels 1zSkidusa skabekla un temperatiiras atkariba no tidens dziluma
udenskratuve 18.09.

Septembra vida veiktie mérijjumi parada (skatit 2. att€lu), ka izSkidusa skabekla
koncentracija ir visaugstaka 2 metru dziluma (5,32 mg/1), bet zemaka — tidens virsma (4,58), ko
varétu izskaidrot ar Gidenskratuves plaso sekliidens zonu ar apaugumu, kur notiek intensivi
vegetacijas procesi — augi ne tikai fotosintéze, bet ar patéré sarazoto skabekli, Saja gadijuma
vairak ka saraZo, ka arf liela virsma ir lielaka kontakta ar gaisu, tadel notiek pastiprinata
skabekla oksideéSanas, kamér zemakajos tidens slanos notiek tidens masas bagatinasanas ar
pietekoSo tideni. Visa udenskratuves dziluma izS8kidusa skabekla koncentracijas ir tuvu
kritiskajai 4 mg/l koncentracijai, ko var izskaidrot ar Gidenskratuves darboSanos uzkraSanas
reZima, tas ir, lejasbjefa pliist tikai minimalais garant@tais caurplidums.
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3. attéls 1z8kidus§a skabekla un temperatiiras atkariba no tidens dziluma
udenskratuve 06.10.
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Ar1 oktobr1 veérojama lidziga situacija septembri tidenskratuvé novérotajai (skatit 3.
att€lu) — vismazaka skabekla koncentracija novérota pie tdens virsmas — 7,08 mg/l, bet
visaugstaka — 2 metru dziluma. Kopuma vertgjot iidenskratuvé noverotas izSkidusa skabekla
koncentracijas, tas ir dzivo organismu izdzivoSanai nepiecieSamo optimalo koncentraciju
robezas, tas ir, no 7 — 8 mg/l robezas.

Secinajumi
1. Izvertgjot iegtos merijumus, Vijas up€ noverotas izskidusa skabekla koncentracijas ir
atkarigas no vegetacijas perioda posma un Gdens temperatiras, Gidens slana dziluma, ka ari
tdenskratuves darbosanas rezZima.
2. Vegetacijas perioda sakuma tdenskratuve, tai esot uzkraSanas reZima, ir izteikta adens
slanu stratifikacija, jo aug$&jais slanis ir ar palielinatu kontaktvirsmu ar gaisu, bet, palielinoties
tdens dzilumam, skabekla koncentracija izsikst un ir nepietickama 3 metru dziluma.
3. Vasaras beigas tudenskratuves eitrofikacijas dél aizsprosta uzkraSanas rezima tideni
skabekla koncentracija visos slanos ir tuvu kritiskajai (4 mg/l), jo sekliidens zona pastiprinati
noris augu vielmainas procesi, kuros skabeklis tiek pateréts vairak ka sarazots.

4, Vela rudeni pie turbinu palaiSanas tidenskratuveé 1sa laika perioda izSkidusa skabekla
koncentracijas palielinas tuvu upes dabiskaja vidé noveérotajam koncentracijam.
5. Vegetacijas perioda otraja pus€ denskratuveé nav novérojama tidens slanu stratifikacija,

jo notiek pastiprinati augu dzivibas procesi tidenskratuves augs€ja slani, tadgjadi tur skabekla
koncentracija samazinas, bet apaksg€ja slani notiek bagatinasanas ar pietekosajiem upes skabekli
bagatajiem un v€sajiem Uudeniem, tadeél aptuveni 2 metru dziluma izSkidusa skabekla
koncentracija ir visaugstaka tidenskratuves skérsgriezuma.

Summary

Evaluating the dissolved oxygen concentrations of the Skripsti dam, the concentrations
are dependent on the stage of the vegetation season and water temperature as well as operating
mode in the reservuar. In the start of the summer in the reservuar can watch the water depth
levels stratification where in the top water levels dissolved oxygen concentrations and water
temperature are more, but in the bottom in the reservuar the dissolved oxygen concentrations is
almost critical (<4 mg/1) for fish existence and water temperature is low. In the autumn the
dissolved oxygen concentration of the upper level is lower than in the bottom. The cause of this
is the plant consummation of the oxygen more than production of the photosynthesis process
as well as a large surface area is in contact with air increasing the oxygen oxidation, while the
lower layers of the water enrich with inflowing water in the reservuar.

The project has practical importance because it shows dissolved oxygen concentration
fluctuations in the dam of Skripsti and from that may predict the dam impact on the fish
resources in the dam water.
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KOKSNES PELNU IZMANTOSANAS EKSPERIMENTALAIS
PAMATOJUMS
EXPERIMENTAL JUSTIFICATION USE OF WOOD ASH
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Abstract. Biomass as a source of energy will reduce dependence on imported fossil fuels, but at
the same time, we add value to countries where biomass fuel sources are just beginning to thrive, in addition
to providing renewable energy sources. Biomass energy is recognized as an important component in many
countries, as future energy scenario and could contribute significantly to the economic, social situation
and environmental objectives. Therefore, the emphasis on biomass as an alternative to fossil fuels has
increased in recent times. Research has been conducted for the determination of ash wood, wood ash
adding soil, wood ash addition of concrete, but to results subdivisions include information on the quantity
of wood ash, wood ash for the soil, concrete strength and determination of wood pellets ash compression.

Keywords: wood ash, ash impacts, concrete with ash admixture

levads

Biomasa ka energijas avots samazinas atkaribu no importétajiem fosilajiem kurinama
veidiem, bet taja pasa laika, m&s pievienojam vértibu valstim, kur biomasas kurinama avoti
tikai sak zelt, papildus nodroS§inam atjaunojamas energijas avotus. Biomasas energija ir atzita
par svarigu sastavdalu daudzas valstis, ka nakamo energgtikas scenariju un varétu butiski
veicinat ekonomisko, socialo stavokli un vides mérku sasniegSanu. Piemé&ram, biomasa
patlaban ir aptuveni 8 — 15% no pasaules energijas piegades — siltuma, elektribas, bet 1idz 2050.
gadam jaizpilda 33 — 50% no pasaules pasreiz€ja primara energijas patérina. Turklat, skiet,
aizstasana fosila kurinama ar biomasu, ir efektiva stratégija, lai apmierinatu ne tikai pasaules
energijas pieprasijumu nakotng, bet ari prasibu, lai samazinatu siltumnicefekta gazu (SEG) un
fosila kurinama sadegSanas oglekla emisijas. Tapeéc uzsvars uz biomasas ka alternativu fosilas
energijas ir pieaudzis pedgja laika. [7, 9]

Biomasas apkures sist€mas ir lieliska atbilde ne tikai 2020. gadam, 1idz kuram Latvija
un daudzas citas valstis ir apnémusas spert virkni solu zalakas un energoefektivakas valsts
virziena. Tostarp palielinat atjaunojamo energoresursu izmanto$anu par 8 procentpunktiem. Par
1zvirzitajiem mérkiem un veidiem, ka tos sasniegt ir runats un rakstits daudz, tapéc ir svariga §1
procesa virziba, ir vietgjas izcelsmes kurinamas koksnes produktiem. [10]

Biomasas katlumajas sarazoto pelnu apjoms atkarigs no Skeldu kvalitates, gaisa
temperatiiras un raZoSanas reZima. Visi pelni tiek deponéti izgaztuve, kas pats par sevi ir maksas
pakalpojums. Lidzigi rikojas ar1 daudzas citas katlumajas, kaut gan dala industrialo Skeldu
patérétaju atradusi iesp&ju pelnus atdot vai par simbolisku cenu pardot zemniekiem
lauksaimniecibas zemju mésloSanai, tada veida atbrivojot sevi no izmaksam par atkritumu
apsaimniekoSanu. Nemot véra, ka B kategorijas piesarnojosas darbibas atlaujas pelni noraditi
ka nebistami atkritumi, nav isti skaidrs kapéc ta nedara visas katlumajas. Kas attiecas uz
kokapstrades uznémumiem, tie rikojas Iidzigi, vai ar1 pelnus no apkures katliem vienkarsi
deponé turpat uz vietas sava teritorija. Ir ari tadi, kas atradusi veiksmigu sadarbibas modeli ar
vietgjo pasvaldibu, kas pelnus izmanto savam vajadzibam. [5]

Materiali un metodes
Pelnu daudzuma noteikSana koksnei tika veikta balstoties uz LVS CEN/TS 14775 “Cietas
biodegvielas. Pelnu satura noteikSanas metode™. [4]

http://dx.doi.org/10.17770/het2017.21.3573
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Tika ierikoti se$i parauglaukumi, kur tika izkliedeti pelni, kas tika nemti no “Newfuels” granulu
razotaja, uz to bridi, kad tika nemti pelni koksnes sastavs — 33,4% lapu koks, 33,4% skujkoks,
33,4% berzs. Pirmaja parauglaukuma tika izkliedéti 1,250 kg pelnu un 1m? augsnes, otraja
parauglaukuma tika izkliedati 0,25g pelnu uz 1m? augsnes, tre$aja parauglaukuma tika
izklied&ti 1 kg pelnu uz 1m? augsnes, ceturtaja parauglaukuma tika izklied&ti 0,50kg pelnu uz
1m? augsnes, piektaja parauglaukuma tika izklied&ti 0,70 kg pelnu uz 1m? augsnes, sestaja
parauglaukuma tika izkliedéti 1,500 kg pelnu uz 1 m? augsnes. Pirms pelnu izkliedes no Siem
parauglaukumiem tika ievakti augsnes paraugi 30 — 40 cm dziluma. Pelni pa parauglaukumiem
tika izklied&ti ar sieta palidzibu, izkliede notika 2016. gada maija meénesi, un paraugu atkartota
nemsana notika 2016. gada oktobra ménesi (skat. 1. attélu).

. m ——it < 1m > < 1m .
B ) )
‘ 1 2. 3
parauglankums parauglankums paranglankums
8 1.250 kg . 0,25 kg - 1kg
v v v
P s > - im > - im >
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=
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1. att. Parauglaukumu izvietojums

Elektrovaditsp&ja noteikt balstoties uz ISO 11265:1994 Soilquality — Determination of
the specific electrical conductivity. [3]

pH licluma noteikSana paraugos tika balstita uz ISO 10390:2005 Soilquality —
Determinationofp H. [2]

Hlorid — jonu satura noteikSana augsné. Janem 20 ml tidens izvilkuma no augsnes, ielej
kolba, tad pievieno 3 pilienus kalija hromata (K2CrO4). Hermétiski aizkork€ kolbu un sakrata,
lai samaisitos Skidums. Kolbas Skidrumu titré ar AgNO3z (0,1 N), kamer skidruma krasa mainas,
lidz bruni pelékai krasai, kas nepaziid vienas miniites laika. Nosaka AgNO3s daudzumu, kur$§
1zmantots titréSanai.

Kalcija un magnija kopgja satura noteikSana augsné. Janem 50 ml izvilkuma, jaielej
koniska kolba pievienojot 5 ml amonija buferskiduma (1 mols NH4OH + 1 mols NH4CL)
buferSkiduma pH = 9,3. Ienes nedaudz (~ 20 — 30 mg) indikatora homogéna melna lidz
Skidrums paliek vina — sarkana krasa. Titré analiz€jamo izvilkumu ar 0,05 N kompleksona 11
Skidrumu lidz kamér Skidruma vina — sarkana krasa pariet zilaja krasa. Nosaka kompleksona
daudzumu, kurs bija izmantots titréSanai.

Kalcija satura noteikSana augsné. Janem 50 ml tidens izvilkuma no augsnes, ielej kolba
un pielej klat 2,5 ml 2N NaOH ( vai KOH) skidruma, pievieno nedaudz (~ 30 mg) indikatora
mureksida, 11dz Skidruma krasa pariet roza krasa. Lénam titré Skidrumu ar 0,05 N kompleksona
Skidrumu Iidz momentam, kad roza skidruma krasa pariet zilivioléta krasa, kura nepaziid 1 min
laika. Nosaka titranta daudzumu.

Vieglie pelni ir galvenais blakusprodukts, kas rodas biomasas sadedzinaSana, ko var
izmantot ka mineralu piejaukumu betona. Liela apjoma vieglie pelni, kas ir tipiski 50 — 60%
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pelnu ka kop€jo cementéSanas materiala satura, tiek plasi izmantots, lai sasniegtu ilgtsp&jigu
attistibu betona nozarg. [11]

Tika izveidotas forminas no koka 5 cm x 5Scm lielas. Katra no forminam tika saliets
betona sajaukums dazadas proporcijas — grants, cements, pelni. Proporcijas att€lotas tabula
(skat. 1. tabulu).

1. tabula
Betona proporcijas
Cements, g Pelni, g Grants, g
100 0 400
90 10 400
80 20 400
70 30 400
60 40 400
50 50 400
40 60 400
30 70 400
20 80 400
10 90 400

Rezultati un to izvertéjums
Katram koksnes paraugam tika veikti merijumi, lai noteikt pelnu saturu katra no koksnes
veidiem. Katram koksnes paraugam tika veikti tris me&rjjumi un tabulas apkopots rezultatu
vidgjais raditajs (skat. 2. tabulu). Lielakais pelnu saturs tika noteiks apsei — 1%, bet pats
mazakais pelnu saturs tika noteikts ozolam — 0,31%, savukart vid&jais pelnu saturs sanak —
0,53 %.

2. tabula
Pelnu saturs koksné

Koksnes veids | Pelnu daudzums, %
Apse 1,00
Melnalksnis 0,88
Beérzs 0,59
Priede 0,66
Egle 0,41
Osis 0,35
Ozols 0,31
Lazda 0,36
Baltalksnis 0,43
leva 0,45
Karkls 0,39
Klava 0,50

Elektrovaditspgja pelniem ir 4,94 mlS, pH lielums ir 12,989, hloridjonu daudzums
pelnos ir 2,15 g/ml, kalcija un magnija kopgjais daudzums pelnos ir 0,03g/ml, kalcija daudzums
pelnos ir 0,090 g/ml (skat. 3. tabulu).
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3. tabula
Pelnu iidens izvilkuma fizikali — kimiskie parametri
Meérijums Rezultats

Elektrovaditsp€ja, mS 4,94

pH 12,989
Hloridjoni, g/ml 2,15
Ca un Mg kopgjais saturs, 0,03

g/ml
Ca, g/ml 0,090

Campbell A. G. un Etiegni L (2014) pétija temperatiiras ietekmi uz pelnu daudzuma
veidoSanas un pelnu kimiskas ipaSibas. Rezultati paradija ka koksnes pelnu daudzums
samazinajas par 45%, ja degSanas temperatiira bija pieaugusi aptuveni 550 Iidz 1100 °C. Dalinu
vidgjais lielums, tika konstatéts, ka 230 mikroniem. Ari pelnu pH tika konstatéts, ka mainigs
lielums starp 9 un 13,5.

Elektrovaditspéja tika noteikta pirms pelnu pievienoSanas un p&c pelnu pievienoSanas
(skat. 4. tabulu) laika starpiba ir pieci ménesi. Pirms pelnu pievienoSanas elektrovaditspéja ir
lielaka neka péc pelnu pievienoSanas. Pirmaja parauga elektrovaditspéja bija 3,27 mS, bet péc
pelnu pievienosanas elektrovaditspgja samazinajas Iidz 3,14 mS. Otraja parauga
elektrovaditsp&ja bija 3,23 mS, bet péc pelnu pievienosana elektrovaditspgja samazinajas lidz
3,08 mS. Tresaja parauga elektrovaditspgja bija 3,18 mS, bet p&c pelnu pievienoSana
elektrovaditsp&ja samazinajas lidz 3,05 mS. Ceturtaja parauga elektrovaditsp€ja bija 3,24 mS,
bet p&c pelnu pievienosana elektrovaditspgja samazinajas lidz 3,07 mS. Piektaja parauga
elektrovaditsp&ja bija 3,97 mS, bet péc pelnu pievienosana elektrovaditspéja samazinajas lidz
3,12 mS. Sestaja parauga elektrovaditsp&ja bija 3,28 mS, bet p&c pelnu pievienoSana
elektrovaditsp&ja samazinajas 1idz 3,14 mS.

4. tabula
Elektrovaditspéja augsnes — iidens izvilkuma
Nr.p.k. Pirms pelnu Péc pelnu
pievienoSanas, pievienoSanas,

mS mS
1. 3,27 3,14
2. 3,23 3,08
3. 3,18 3,05
4. 3,24 3,07
5. 3,97 3,12
6. 3,28 3,14

pH lielums tika noteikta pirms pelnu pievienos$anas un péc pelnu pievienosanas (skat.
5. tabulu) laika starpiba ir pieci ménesi. Pirmaja parauga pirms pelnu pievieno$anas pH lielums
ir 7,312, bet pec pelnu pievienosanas pH lielums ir 7,404. P&c pelnu pievienosanas pH lielums
ir lielaks neka pirms pelnu pievienoSanas. Otraja parauga pirms pelnu pievienoSanas pH lielums
ir 7,340, bet pec pelnu pievienosanas pH lielums ir 7,955. P&c pelnu pievienosanas pH lielums
ir lielaks neka pirms pelnu pievienoSanas. TreSaja parauga pirms pelnu pievienoSanas pH
lielums ir 6,660, bet péc pelnu pievienosanas pH lielums ir 7,063. P&c pelnu pievienoSanas pH
lielums ir mazaks neka pirms pelnu pievienosanas. Ceturtaja paraugad pirms pelnu
pievienoSanas pH lielums ir 6,893, bet péc pelnu pievienoSanas pH lielums ir 7,164. P&c pelnu
pievienoSanas pH lielums palielinas un ir lielaks neka pirms pelnu pievienoSanas. Piektaja
parauga pirms pelnu pievienoSanas pH lielums ir 6,684, bet péc pelnu pievienoSanas pH lielums
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ir 7,028. P&c pelnu pievienosanas pH lielums ir lielaks, neka pirms pelnu pievienoSanas. Sestaja
parauga pirms pelnu pievienoSanas pH lielums ir 7,178, bet p&c pelnu pievienoSanas pH lielums
ir 7,347. Pirms pelnu pievienosanas pH lielums ir mazaks treSaja, ceturtaja, piektaja parauga,
bet p&c pelnu pievienosanas pH lielums palielinas pirmaja, otraja un sestaja parauga.

Zviedrijas dabaszinatnu, inZenierzinatnu un matematikas instittita tika veikt petijums
par novaktas koksnes atgrieSanu atpakal meza, ar galvenajiem ieguvumiem tiek palielinats pH
un baribas vielu reciklé$ana no koksnes pelniem. Saja izmekle$ana Zviedrijas centralaja dala
tika pétit divus gadus pirms pelnu izkliedes meza un divu gadus péc pelnu izkliedes meza.
Salidzinot starp Siem dieviem gadiem netika nov@rotas biitiskas izmainas, apgalvojums tam ir
koksnes pelnu pielietoSanas metode, lai uzlabotu augsnes kvalitati sakotngja faze ir
nepietickama. Bet treSaja un ceturtaja gada izmainas tika konstatétas pH lielums bija
palielinajies, bet dzilakos augsnes slanos. [6]

5. tabula
pH lielums augsnes — tidens izvilkuma
Nr.p.k Raditaji pirms pelnu pievienoSanas Raditaji péc pelnu pievieno$anas
1. 7,312 7,404
2. 7,340 7,955
3. 6,660 7,063
4. 6,893 7,164
5. 6,684 7,028
6. 7,178 7,347

Hloridjonu saturs augsné tika noteiks pirms pelnu pievienoSanas un péc pelnu
pievienoSanas ar laika starpibu 5 ménesi (skat. 6. tabulu). Pirmaja parauga hloridjonu daudzums
ir 0,002 g/ml un péc pelnu pievienosanas hloridjonu daudzums palielinas 11dz 0,005 g/ml. Otraja
parauga hloridjonu daudzums ir 0,002 g/ml un p&c pelnu pievienosanas hloridjonu daudzums
palielinas Iidz 0,004 g/ml. TreSaja parauga hloridjonu daudzums ir 0,002 g/ml un péc pelnu
pievienosanas hloridjonu daudzums palielinas lidz 0,003 g/ml. Ceturtaja parauga hloridjonu
daudzums ir 0,002 g/ml un péc pelnu pievienoSanas hloridjonu daudzums palielinas Iidz 0,003
g/ml. Piektaja parauga hloridjonu daudzums ir 0,003 g/ml un pé&c pelnu pievienoSanas
hloridjonu daudzums palielinas lidz 0,005 g/ml. Sestaja parauga hloridjonu daudzums ir 0,003
g/ml un péc pelnu pievienoSanas hloridjonu daudzums palielinas Iidz 0,002 g/ml. Apkopojot
iegiitos rezultatus hloridjonu daudzums p&c pelnu pievienoSanas augsnei visos seSos paraugos
palielinas.

6. tabula
Hloridjonu saturs augsnes — uidens izvilkuma
Nr.p.k. | Pirms pelniem, Péc pelniem,
g/ml g/ml
1. 0,002 0,005
2. 0,002 0,004
3. 0,002 0,003
4. 0,002 0,003
5. 0,003 0,005
6. 0,002 0,003

Kalcija un magnija kopgjais saturs augsné tika noteikts pirms pelnu pievienoSanas un
p&c pelnu pievienosanas ar laika perioda starpibu — pieci ménesi (skat. 7. tabulu). Analizgjot
legiitos rezultatus kalcija un magnija kopgjais saturs pirms pelnu pievienosSanas ir mazaks, bet
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pec pelnu pievienosanas augsnei kalcija un magnija kopg€jais saturs visos paraugos palielinas
no 0,0012 Iidz 0,0032 g/ml. Pirmaja parauga kalcija un magnija kopg€jais saturs augsné ir 0,0013
mg/l, bet péc pelnu pievienoSanas kopé¢jais kalcija un magnija saturs augsné palielinas lidz
0,0025 g/ml. Otraja parauga kalcija un magnija kopgjais saturs augsné ir 0,0016 mg/1, bet p&c
pelnu pievienosanas kopéjais kalcija un magnija saturs augsné palielinas Iidz 0,0035 g/ml.
TreSaja parauga kalcija un magnija kopg&jais saturs augsné ir 0,0013 mg/l, bet p&c pelnu
pievienoSanas kop¢jais kalcija un magnija saturs augsné palielinas Iidz 0,0017 g/ml. Ceturtaja
parauga kalcija un magnija kopgjais saturs augsné ir 0,0012 mg/l, bet p&c pelnu pievienoSanas
kopgjais kalcija un magnija saturs augsné palielinas Iidz 0,0035 g/ml. Piektaja parauga kalcija
un magnija kopgjais saturs augsné ir 0,0014 mg/1, bet p&c pelnu pievienoSanas kopgjais kalcija
un magnija saturs augsné palielinas Iidz 0,0045 g/ml. Sestaja parauga kalcija un magnija
kopégjais saturs augsné ir 0,0013 mg/1, bet p&c pelnu pievienosanas kopgjais kalcija un magnija
saturs augsné palielinas Iidz 0,0055 g/ml.

7. tabula
Kalcija un magnija kopg€jais saturs augsnes — tidens izvilkuma
Nr.p.k. | Pirms pelniem, Péc pelniem,
g/ml g/ml
1. 0,0013 0,0025
2. 0,0016 0,0035
3. 0,0013 0,0017
4. 0,0012 0,0035
5. 0,0014 0,0045
6. 0,0013 0,0055

Kalcija saturs augsné tika noteikts pirms pelnu pievienoSanas un péc pelnu
pievienoSanas ar laika periodu — pieci ménesi (skat. 8. tabulu).

8. tabula
Kalcija saturs augsnes — aidens izvilkuma
NIF.p.K. Pirms pelniem, Péc pelniem,

g/ml g/ml
1. 0,003 0,035
2. 0,002 0,006
3. 0,003 0,024
4. 0,004 0,009
5. 0,004 0,011
6. 0,003 0,048

Pirmaja parauga pirms pelnu pievienoSanas kalcija saturs augsné bija 0,003 g/ml, bet
péc pelnu pievienoSanas kalcija saturs augsné bija 0,035 g/ml. Otraja parauga pirms pelnu
pievienoSanas kalcija saturs augsné bija 0,002 g/ml, bet péc pelnu pievienosanas kalcija saturs
augsné bija 0,006 g/ml. TreSaja parauga pirms pelnu pievienoSanas kalcija saturs augsné bija
0,003 g/ml, bet péc pelnu pievienosanas kalcija saturs augsné bija 0,024 g/ml. Ceturtaja parauga
pirms pelnu pievienosSanas kalcija saturs augsné bija 0,004 g/ml, bet p&c pelnu pievienoSanas
kalcija saturs augsné bija 0,009 g/ml. Piektaja parauga pirms pelnu pievienoSanas kalcija saturs
augsné bija 0,004 g/ml, bet péc pelnu pievienoSanas kalcija saturs augsné bija 0,011 g/ml.
Sestaja parauga pirms pelnu pievienoSanas kalcija saturs augsné bija 0,003 g/ml, bet péc pelnu
pievienoSanas kalcija saturs augsné bija 0,048 g/ml. Izvertgjot iegtitos rezultatus kalcija saturs
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augsné pirms pelnu pievienosanas ir mazaks, bet p&c pelnu pievienoSanas augsnei kalcija saturs
visos paraugos palielinas.

Eksperimentalie paraugi tika saspiesti ar testéSanas masinu Zwick/Roell testXpert II.
Tika testéti 9 paraugi, bet sagatavoti tika desmit paraugi, desmitais paraugs sabira nemot lauka
no forminas. Pirmais paraugs tika saspiests ar 35400 N speku, maksimala izturiba sasniegta pie
1,4 mm, bet pie 3,2 mm paraugs sabira un speks pie sabirSanas bija 7090 N. Otrais paraugs tika
saspiests ar 19800 N sp&ku, maksimala izturiba sasniegta pie 1,1 mm, bet pie 4,1 mm paraugs
sabira un speks pie sabirsanas bija 3970 N. TreSais paraugs tika saspiests ar 16400 N sp&ku,
maksimala izturiba sasniegta pie 2,0 mm, bet pie 4,2 mm paraugs sabira un spéks pie sabirSanas
bija 3270 N. Ceturtais paraugs tika saspiests ar 24700 N speku, maksimala izturiba sasniegta
pie 1,3 mm, bet pie 2,9 mm paraugs sabira un speks pie sabirsanas bija 4930 N. Piektais paraugs
tika saspiests ar 16500 N speku, maksimala izturiba sasniegta pie 1,2 mm, bet pie 2,9 mm
paraugs sabira un spéks pie sabirSanas bija 3290 N. Sestais paraugs tika saspiests ar 8830 N
speku, maksimala izturiba sasniegta pie 0,8 mm, bet pie 3,8 mm paraugs sabira un speks pie
sabirSanas bija 1760 N. Septitais paraugs tika saspiests ar 5240 N speku, maksimala izturiba
sasniegta pie 0,7 mm, bet pie 3,4 mm paraugs sabira un spéks pie sabirSanas bija 1050 N.
Astotais paraugs tika saspiests ar 2640 N speku, maksimala izturiba sasniegta pie 0,8 mm, bet
pie 2,7 mm paraugs sabira un spéks pie sabirSanas bija 526 N. Devitais paraugs tika saspiests
ar 947 N speku, maksimala izturiba sasniegta pie 1,4 mm, bet pie 4,0 mm paraugs sabira un
speks pie sabirSanas bija 189 N (skat.9. tabulu).

Lateef N. Assi, Edward (Eddie) Deaver, Mohamed K. ElBatanouny, Paul Ziehl sava
petijuma par pelnu pievienoSanu betonam secina, ka pelniem ir potencials dal&ji aizstat cementu
un §is betons iztur augstu spiedes stipribu. Ka ar7 B. Singh, M.R. Rahman, R. Paswan, S.K.
Bhattacharyya secinaja, ka piedes stipriba, elastigs modulis un triecienizturibu palielingjas un
Puasona koeficients samazinajas, pieaugot aktivatora koncentracijai. [1, 8]

Pirms betona parbaudes uz spiedi, tika nosvérts, katrs paraugs: pirma parauga
tilpummasa — 276g, otra parauga tilpummasa — 273g, tre$a parauga tilpummasa — 270g, ceturta
parauga tilpummasa — 269g, piekta parauga tilpummasa — 264g, sesta parauga tilpummasa —
259, septita parauga tilpummasa — 247g, astota parauga tilpummasa — 229g, bet devita parauga
tilpummasa — 218g.

9. tabula
Betona paraugu mehaniskie raksturotaji
Specimen no. [ ho Lo Fmax |dL at Fmax | Fereak | dL at break| ao bo =0
Mr mm mrm M mm M mm mm mim mm®
21 1 5625 | 5250 | 35400 14 7050 3.2 498 | 523 [2604 54
22 2 51,1 | 51,10 | 19800 1.1 3570 41 521 | 518 [2R08 78
23 3 s06 | 5060 | 165400 20 3270 42 828 | B2k |27 28
24 4 501 | 50,10 | 24700 1.3 4530 29 526 | 528 |77 .28
25 5 S0F | 5060 | 16500 1.2 3290 29 514 | 522 |2BE83.08
2B ] 214 | 5140 | 8330 08 1760 3.8 52 5156 267500
&7 7 533 | 5330 | 5240 o7 1050 3.4 515 | 50F [260530
28 8 507 | 5070 | 2640 08 526 27 523 | 51 2BE7 30
29 9 a0.4 | 5040 947 14 189 4.0 50 823 261500
Secinajumi
1. Lidz $im pelnu pielietosana lauksaimnieciba maz ieviesta. To kav€ja mazie

pelnu daudzumi un neatrisinata pielietoSanas tehnologija (pelnu savakSana un sijaSana,
frakcion&Sana, izs€ja, novertésana u.t.t.);

2. No noteiktajiem koksnes veidiem vislielakais pelnu saturs ir apsei — 1,00 %, bet
mazakais pelnu saturs ir ozolam — 0,31%;
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3. Optimalakais variants pelnu izkliedei ir granulas, noteikts, ka mazakais
spiediens pie kura turas kopa granula ir 500 kg;

4, Piemérotaka pelnu deva ir ceturtaja (0,50 kg uz 1m?) un piektaja (0,70 kg 1m?)
parauglaukuma;

5. Visoptimalakais pelnu piejaukums betonam ir parauga, kur cements — 70g,
pelni — 30g, grants — 400g, paraugs iztur 24700 N un sabrik pie 4930 N.
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