N | B

REZEKNES TEHNOLOGIJU AKADEMIJA

Rézeknes Tehnologiju akadémija
Inzenieru fakultate

CILVEKS. VIDE. TEHNOLOGIJAS

26. starptautiska studentu zinatniski praktiska konference
2022. gada 13. maijs

26" Students International Scientific and Practical Conference

Human. Environment. Technology

Rezekne Academy of Technologies, Rezekne, Latvia
13 May 2022

Rézekne
2022



PAR RAKSTU SATURU ATBILD AUTORI

Recenzenti/ Reviewers:
Dr.habil.geol., prof. Gotfrids Noviks
Dr.sc.ing, prof. Luybomir Lazov
Dr.sc.ing., asoc.prof. Sergejs Kodors
Dr.sc.ing., prof. Artis Teilans
Mg.geogr., lekt. Ivars Matisovs
Mg.sc.comp. lekt. Guntis Kol¢s

Mg.sc.ing. vieslekt. Dainis Klavin$
Mg.sc.ing. vieslekt. Ritvars Révalds

Zinatnisko rakstu krajums sagatavots un izdots ar Rézeknes Tehnologiju akadémijas finansialo

N | B

REZEKNES TEHNOLOGIJU AKADEMIJA

‘@A Sis krajums tiek izplatits ar internacionalo licenci:

Creative Commons Attribution 4.0 International License

ISSN 2592-8597
© Reézeknes Tehnologiju akadémija, 2022
© Autoru kolektivs, 2022


https://creativecommons.org/licenses/by/4.0/

SATURS

Erika Dmitrijeva

YOLOVS neironu tikla apmaciba augu sugu un slimibu
atpaziSanai pec augu lapu fotografijam

g::gsjsgs(li?) s;sBelova Training of YOLOVS Neural Network for Classification of Plant S
Species and Diseases by Photographs of Plant Leaves
Raitis Dudenkovs Aluminum and Steel Welding With 500 W Fibre Laser 10
Luybomir Lazov Aluminija un térauda metinasana ar 500 w Skiedras lazeri
Arturs Gusevs MakondatoSana 15
Artis Teilans Cloud Computing
Saimniecibas “kalnziedi” galas liellopu baribas bazes
Zaklina Kivleniece audzeSanas un attistibas kapinasana samazinot SEG emisijas 18
Marlinda Kasa Increasing the Cultivation and Development of the Beef Cattle
Feed Base of the Kalnziedi Farm by Reducing GHG Emissions
Nikolajs Korolkovs Uniswap - a CaseStudy of Decentralized Exchanges on the ’5
Sergejs Kodors Blockchain
Daniels Raubiska Automation of Delt Grinder for Abrasive Processing of Parts 31
Guntis Kolcs Lentveida slipmasinas detalu abrazivai apstradei automatizacija
Koksnes termiskas apstrades ietekme un krasu izmainas uz apses
Dzintars Ravins un egles kokmaterialiem 36
Dainis Klavin$ Effects of Thermal Treatment of Wood and Color Change on Aspen
and Spruce Timber
Lasma RoZkalne Bijusas DUS “MUSTANGI” revitalizacijas projekts 41
Ivars Matisovs Formation Project of the Former “MUSTANGI” DUS
. . Bioetanols ka alternativa degviela
Aivars Ruskulis Bioethanol as an Alternative Fuel 45
Skaidrite Strode Ekosistemu pakalpojumu koncepcija 53
Gotfrids Noviks The Concept of Ecosystem Services
Deniss Surikovs
Andrejs Mezars MasinmaciSanas cilvéka atpaziSanai 59
Ritvars Bleive Machine Learning for Human Recognition
Sergejs Kodors
Gatis Tutins Skrotesanas iekarta 64
Ritvars Reévalds Blasting Machine
Degradétas teritorijas Auciema fermas revitilizacijas iespeju
Sintija Upmane izvertejums 68
Ivars Matisovs Evaluation of the Possibilities of Revitalization of the Auciema
Farm in the Degraded Area
Igors Ustinovs Spoles' tin}lmu vara deformﬁcija.uztﬁana's lai'kﬁ'izpéte .
Dainis Klaving Im./esflgatzon of Copper Deformation of Coil Windings During 72
T Winding
Arturs Vorkalis Laser Hardening Process on Ck 45 Depending on the Laser 77
Luybomir Lazov Parameters - a small review
Possible Use of Lasers for Cleavage of Phenols Till Base
Diana Zarecka substances (review) 82

Luybomir Lazov

Lazeru iespejama izmantosana fenola saskelsanai lidz
vienkarsakam vielam (apskats)




26. starptautiska studentu zinatniski praktiska konference
. Cilveks.Vide. Tehnologijas

RTA\

REZEKNES TEHNOLOGIJU AKADEMIJA

YOLOV5 NEIRONU TIKLA APMACIBA AUGU SUGU UN SLIMIBU
ATPAZISANAI PEC AUGU LAPU FOTOGRAFIJAM
TRAINING OF YOLOVS5 NEURAL NETWORK FOR CLASSIFICATION OF
PLANT SPECIES AND DISEASES BY PHOTOGRAPHS OF PLANT LEAVES

Autores: Erika Dmitrijeva, e-pasts: erika5002@inbox.lv
Arina Amalija Belova, e-pasts: benyalatvia@gmail.com
Zinatniska darba vaditajs: Sergejs Kodors, Dr.sc.ing., e-pasts: sergejs.kodors@rta.lv
Rézeknes Tehnologiju akadémija
AtbrivoSanas aleja 115, Rézekne

Abstract. 40% percent of crops are lost every year due to plant diseases. It is physically difficult for people to
detect plant diseases in large-scale fields, especially at an early stage. The paper deals with the YoloV5 neural network
training using different technologies. The neural network is trained to classify plant species and their diseases using
photographs. The open access dataset PlantDoc was used for training. PlantDoc provides 2,569 images of 13 plant
species and 27 classes for image classification and object detection. For the purity of the experiment, training was
performed 10 times without changing the parameters. As a result of each training, we had obtained testing data on which
we could draw conclusions.

Keywords: diseases, neural network, plants, object detection, RoboFlow, YoLoV5

Ievads

Augu produktiem ir liela loma pasaulé, un tie vienmer bis loti pieprasiti. Kultiiraugu
aizsardziba pret augu slimibam vienmer ir aktuala, jo slimibu d€] tiek zaudg&ts liels razas daudzums,
liels skaits augu iet boja, ka rezultata tiek zaudeta liela nauda. Saskana ar 2021. gada datiem, katru
gadu augu slimibas pasaules ekonomikai izmaksa vairak neka 220 miljardus dolaru, jo tiek zaudéti
40% no pasaules razas [1]. Visam $im slimibam ir plasas ekonomiskas, socialas un vides sekas.
Savlaiciga augu slimibu atklasana joprojam ir izaicinajums lauksaimniekiem. Lai atklatu slimibas,
pat ne agrina stadija, ir vajadzigs daudz laika un daudz cilvéku piilu. Un ne vienmér cilvéka acs var
pamanit slimu augu, it Tpasi, ja nepiecieSams izpétit liela méroga lauku.

Neironu tikli pédéjo desmit gadu laika ir guvusi lielus panakumus, un tagad tos izmanto
dazadas nozar€s. Neskatoties uz to, ka parasti neironu tikli nerisina problému kopuma, tiem ir daudz
priekSrocibu, pieméram, tie palidz mums klasificét un grupét. Bet ir arT trilkumi, piem&ram, lielu
neironu tiklu apmaciba aiznem daudz laika, un precizitates paaugstinasanai javeic vairaki eksperimenti
un neironu tikla ttinings.

Saja raksta més p&tam iesp&ju izmantot maksligo intelektu, lai, izmantojot fotografijas, noteikt
augu sugas un augu slimibas. Sp&ja atpazit augu slimibas palidz€s noteikt augu slimibas agrinas
stadijas, kas palidz€s lauksaimniecibai laikus izarsté€t augu un nezaud€t razu. Lai precizi noteiktu
slimibas, nepiecieSama augstas izSkirtsp&jas fotografija. Lai gan Sobrid gandriz visam kameram ir
iespéja uznemt sadu fotoattelu, datu kopa ir fotografijas ar dazadu izSkirtsp&ju, apgaismojumu un ar
dazadiem fona troksniem, kas uzlabos neironu tikla slimibu atpaziSanu.

Pétijuma merkis: izstradat neironu tiklu, kas sp&j meklét augu slimibas fotografijas.
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Uzdevumi:

1) sagatavot datu kopu neironu tikla apmacisanai;

2) apmacit neironu tiklus;

3) noveértet apmacttu neironu tiklu atpaziSanas kvalitati.

Materiali un metodes

Lai apmacitu YoLoV5 neironu tiklu, tika izmantota datu kopa ar nosaukumu PlantDoc, ko
publicgjusi Indijas Tehnologiju institlta pétnieki [2]. Datu kopa sastav no 2569 attéliem, kuros
redzamas 13 augu sugas un 27 augu klases (17 slimas un 10 veselas). Ka anotacijas tips tika izmantota
robezkaste jeb Bounding Box. Failos ar nosaukumu _annotations ir 8851 augu lapu mark&jumi (labels)
[3], kas norada, kur atrodas auga lapa un kada suga un slimiba tai ir. Attéli ir ieprieks sakartoti divas
mapgs - apmacibai un parbaudei, bet, lai apmacttu neironu tiklu, ir vajadziga vél viena mape — derigs.
Atteli tika augSupieladeti viena mapg, lai vélak, izmantojot Roboflow riku, tie automatiski sadalitos
tris mapés. Piemérs ar trim att€liem no datu kopas ir redzams zemak (skat. 1 att.).
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1. attels. Pieméri no PlantDoc datu kopas

Neironu tiklu apmacisanai tika izmantoti $§adi r1ki un tehnologijas — RoboFlow, Google Colab
(GPU), YoLoV5, Python. Sakuma tika lejupieladéta iepriekS aprakstita PlantDoc datu kopa, kas
atrodama Roboflow vietn€. Pielietojot RoboFlow riku [4], tika izveidots projekts ar anotacijas tipu
- objektu mekléSana (Object Detection jeb Bounding Box), kura tika augSupieladéta PlantDoc datu
kopa. AugSupieladgjot attélus, tika mainits train/valid/test (trenins/derigs/parbaudijums) sadalijums
(train - 70%, valid — 15%, test — 15%), jo datu kopa nebija nepiecieSamos neironu tiklu apmacibai
“valid” att€lu. Sadalijums nepiecieSams, lai apmacit, un péc tam parbaudit modela veiktsp&ju.
Projekta tika izveidota jauna versija, kura bija augmentéta, pievienojot §adus parametrus: pagrieziens
vertikali un horizontali, 90° rotacija pulkstena kustibas virziena, pretgji pulkstenraditaja virzienam un
augSpédus, papildu rotacija no -25° Iidz +25° un bide £15° horizontali un +15° vertikali. Lai trenina
rezultats bitu labaks, augmentéta versija tika palielinata tris reizes. Kad versija tika uzgeneréta, ta
tika eksporteta YoLoV5 PyTorch formata, lai turpmak izmantotu neironu tiklu apmaciba.

Nakamais solis bijaapmacit YoLo V5 [5] neironu tikla modeli, izmantojot Google Colab vidi[6],
pielietojot GPU (Graphics Processing Unit) skaitloSanu. Kodols YoLoV'5 tika pielietots apmaciSanas
laika. Lai apmacitu YoLoV5 neironu tiklu, tika veiktas §adas darbibas: instalétas YoLoV5 pakotnes
(atkaribas), importéta datu kopa, definéta modela konfiguracija un arhitekttra, apmacits YoLoV35,
noveértéta YoLoV5 veiktsp&ja, vizualizéti YoLoV'5 treninu dati, parbauditi trenini ar testa att€liem un
eksportéti YoLoV5 rezultati turpmakiem secinajumiem. Lai iegiitu precizakus trenina rezultatus, visas
S1s darbibas tika veiktas 10 reizes.

Rezultati un to izvertejums
Lai velak piefiksétu precizitati, neironu tiklu apmaciba tika veikta 10 reizes. Péc katras
apmacibas mes sanémam grafikus ar dazadiem rezultatiem. Turpmakajiem aprékiniem mes saglabajam
testeSanas grafikus, jo Sie grafiki satur mums nepiecieSamus datus. Zemak ir paraditi labakie apmacibu
rezultati (skat. 2 att.). Att€la var redzet piecus grafikus ar zaud&juma un precizitates funkcijam.
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Klidu funkcijas:
e val Box — kliida, ka lauka prognoze nosedz objektu neprecizi;

e val Objectness — kluda no nepareizas loU (Intersection over Union) prognozes prieks
robezkastes. JoU méra parklasanu starp divam robezam. Tas tiek izmantots, lai izméritu, cik

stipri atrasta objekta robezas parklajas ar gaiditajam robezam;
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2. att€ls. Labako apmacibas rezultatu grafiki

mAPE0.5:0.95

e val Classification — klida, kas radusies novirzes no prognozeésanas “1” pareizajam klaseém un
“0” visam pargjam klasém objektam Saja lauka.

Precizitates funkcijas:

mAP (mean Average Precision) salidzina pamata patiesibas robezlauku ar noteiktu lauku un vid€jo
rezultatu. Jo augstaks raditajs, jo precizaks modelis ir ta noteikSana.
e mAP@0.5 -jaloUiriestatits uz 0,5, tiek aprékinata vid€ja precizitate katras kategorijas visiem
atteliem, un tad tiek aprékinats visu kategoriju vidgjais raditajs: mAP. Vidgja precizitate ir
populara metrika objektu detektoru precizitates merisanai. Tas aprekina vid€jo precizitates
vertibu atsauksmes veértibai no 0 Iidz 1;

o mAP@0.5:0.95 — parstav vidéjo mAP pie dazadiem loU limitiem. (no 0,5 lidz 0,95 ar soli
0,05) [7].

Lai saprastu, cik labi modelis atpazist objektus, un piefiks€tu precizitati, p€tijumos izmantosim
mAP@ 0.5:0.95 maksimalas veértibas. Zemak var redzét tabulu ar m4AP@ 0.5:0.95 maksimalam
vertibam no visam 10 apmacibam (sk. 1. tab.).

1. tabula
mAP@ 0.5:0.95 maksimalas vértibas péc katras apmacibas
£ 1 2 3 4 5 6 7 8 9 10
s
é 0,292 | 0,196 | 0,293 | 0,304 | 0,198 | 0,211 | 0,293 | 0,194 | 0,284 | 0,198
&

Izmantojot vertibas no tabulam, m&s noteiksim minimalo vertibu, maksimalo vértibu, videjo

vertibu un medianu, lai izteiktu izv€l&ta risinajuma un apmacibas procesa kvalitati.

Lai buitu vieglak atrastu minimalo v&rtibu, maksimalo vertibu un medianu, sakartosim vertibas
augosa seciba (sk. 2. tab.).

2. tabula
mAP@ 0.5:0.95 maksimalas vértibas augosa seciba
201 2 3 4 5 6 7 8 9 10
=
é 0,194 | 0,196 | 0,198 | 0,198 | 0,211 | 0,284 | 0,292 | 0,293 | 0,293 | 0,304
o




P&c vertibu sakartoSanas varam secinat, ka
e Minimala mAP@ 0.5:0.95 vértiba — 0,194;
e Maksimala mAP@ 0.5:0.95 vértiba — 0,304.
Mediana tiek aprékinata pielietojot nepara skaitla formulu (1), iegiistot rezultata veértibu — 0,248.

n—1 n+1
X|—[+X|—
Pl

Me= , kur (1)

2

X — sakartots vertibu saraksts;
n — vertibu skaits datu kopa.
Lai atrastu vid€jo vertibu izmantojam nepiecieSamo formulu (2) un ieglistam rezultatu — 0,246.

_ XXt X, kur 2)
n
x — vertiba no datu kopas;
n — vertibu skaits datu kopa.
Izp&tot visus attelus, kas tika augSupieladeti, lai parbauditu vislabak apmacito neironu tiklu,
mes pamanijam, ka dazos att€los neironu tikls neatklaja lapas, dazos atklaja nepareizu augu sugu vai
slimibu. Piem@rs ar $adiem att€liem ir redzams zemak (sk. 3. att.).
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3. attéls. Ar neironu tiklu pareizi identificéti atteli

Secinajumi

Izmantojot Roboflow riku un Google Colab vidi, 10 reizes tika apmacits YoLoV5 neironu
tikls, kas atpazist augu lapu sugas un slimibas p&c fotografijam. Apmacibam tika izmantota interneta
publiceta datu kopa PlantDoc, kas sastav no 2569 attéliem. Pec katras apmacibas sanémam grafikus ar
zaud@juma un precizitates funkcijam, bet petijuma izmantojam mAP@0.5:0.95 maksimalas vertibas,
jo §1 vertiba palidz piefiksét modela precizitati. PEtTjuma rezultata tika iegutas 10 dazadas vértibas,
kur minimala veértiba bija 0,194 un maksimala vertiba bija 0,304. Tapat, izmantojot formulas, tika
atrasta mediana — 0,248 un vidgja vertiba — 0,246. Izmantojot Google Colab piezimju gramatu un
testa att€lus, tika parbaudita labaka neironu tikla noteikSanas precizitate, kur neironu tikls méginaja
noteikt augu lapu sugas un slimibas. [zp€tot Sos att€lus, me&s secinajam, ka dazas att€los neironu tikls
neatklaja lapas, dazas — atklaja nepareizi, bet dazas pareizi atklaja gan augu sugu, gan slimibu.

Verts pieminét, ka modela precizitati var uzlabot, palielinot versiju nevis tris reizes, bet vairak.
Bet tam ir truikums, neironu tikla apmaciba prasis daudz vairak laika un resursu.
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Summary

Food products will always have an important role in the world. Farmers still face the problem
of plant diseases and end up losing a large amount of their crops, along with money. The human eye
is unable to detect plant diseases in the early stages, especially if these are large fields.

Nowadays, neural networks have made great progress and are used in a wide variety of
industries. With the help of neural networks, it is possible to recognize and classify images, but for
this you need to spend a lot of time on training. In this article, we explored the possibility of using
YoLoVS5 artificial intelligence to identify plant species and plant diseases from photographs.

To train the neural network, we used the Google Colab environment and the PlantDoc dataset
uploaded to Roboflow, which was available for free on the Internet. The data set has 2569 pictures.
A project was created in Roboflow, where all the pictures were uploaded, and a new version was
created in it, which was later augmented. To make the result better augmented version was increased
by 3 times. Using the Google Colab environment, where the Roboflow project was added, the neural
network was trained 10 times.

After each training, we obtained graphs with loss and accuracy functions, but in the research,
we use the maximum values of mAP@0.5: 0.95, because this value helps to capture the accuracy of
the model. As a result of the research, 10 different values were obtained, where the minimum value
was 0.194 and the maximum value was 0.304. Also, using the formulas, a median of 0.248 and
average of 0.246 were found. Using Google Colab’s notebook and test images, the best accuracy of
neural network detection was tested, where the neural network tried to detect plant leaf species and
diseases. Examining these images, we found that in some images, the neural network did not detect
the leaves, in some, it detected incorrectly, and in some, it detected both the plant species and the
disease correctly.
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Abstract: The study of the process of laser welding of various aluminum-steel joints is necessary to promote the
possibility of realization of new products and designs in instrumentation and mechanical engineering. Laser welding, due
to its many advantages, is considered a very promising process of joining different materials, although its application in
industry is still limited. Welding aluminum with steel using laser sources is a challenging task mainly due to the formation
of brittle intermetallic joints (IMC) at the joint interface. This paper aims to give a brief overview of some new research
on laser welding of aluminum to steel, as well as to point out some of our initial laboratory research in this direction.[1]

Keywords: laser welding, aluminum, steel, welding load testing, lightweight manufacturing

Introduction

About a third of the emitted global anthropogenic greenhouse gases are due to modern
industrial production. As a solution to the problem today, the development of new green technologies
and the creation of new materials is proposed at all world forums related to environmental issues. The
lightening of various product designs in mechanical engineering is considered an important strategy
[2,3], which potentially leads to a significant reduction in greenhouse gas emissions [4]. In order to
support multi-material design in industrial production, it is necessary to develop technologies for
connecting different materials. In order to support multi-material design in industrial production, it is
necessary to develop technologies for connecting different materials.

Recently, multi-material design in the construction of new products in the industry has
received a great impetus to development, as a way to reduce weight, improve the productivity of
technical products and limit costs [5]. This approach and research bring improvements in the overall
effectiveness of the product, as it allows the application of the most appropriate material for each
component according to the requirements of the technology and its practical application [6].

In construction, instrumentation, transport and mechanical engineering, steels and aluminum
alloys are among the most important metals for various engineering applications [7]. Due to their
relatively low price, high strength, strength, ductility, good weldability, etc. properties, steels are
extremely attractive and widely applicable for various technical applications [8,9]. Aluminum alloys,
in turn, are also preferred because they combine light weight, good molding, excellent thermal and
electrical conductivity, high strength-to-weight ratio, and corrosion resistance and etc.[10].

Laser welding machine SUNTOP ST-FW500
A suitable laser was selected for the scientific experiment, which is designed for welding different
materials. The power of this laser allows you to make welds in aisles of Imm. This laser is located at the
Rezekne Technology academy laser center and serves to educate students in laser work.

10 https://doi.org/10.17770/het2022.26.6947
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Fig. 1. SUNTOP FIBER LASER

Key parameters:

Table 1.

Equipment model: SF-FW500

Imput voltege : AC380V +- 5%, SOHZ

Imput power : 14KW

Max laser power : S00W

Laser wavelenght : 1064nm

Max. Current: 40A

Material and parameters

Samples are prepared for experiments in steel and aluminum, material thickness 1mm and

width 20mm, the length of the blanks is not an important parameter, because it does not affect the
results in any way.

Steel S275 was used, which is used for tensile testing on the Zwick / roell z150 equipment,
which is located in the Rezekne Faculty of Engineering building.

Fig.2. Sample of aluminum and iron welding

One of the most important factors to get a good weld is that the place where the weld will be made
should have a well-ground edge of both blanks so that both materials touch as close as possible, if
there are gaps of at least 0.5mm between them, then welding will not be possible.

Optimal parameters for the laser welding process
The main parameters of the welding laser are:

Table 2.

Current

Frequency

Pulse time / length | Laser head speed | Focusing area

11



Focuming of light path

Fig.3. Fibre laser control panel

That also has two parameters that are not in the control panel, but are very important in the course of
the experiment they are:

1) Direction of air discharge flow

2) G code and beam trajectories in motion

Table 3.
Parameters that managed to get the best results:
Current: 195A Frequency: 5SHz Laser head speed: 100%
Pulse time / length: 15ms (Table: 1-15ms; 2-10ms; 3-10ms; 4-15ms)
Focusing time: 6.00mm G code: ZIGZAG from right to left

Air flow from the left side, distance from the work piece 100mm, angle 60 degrees.

Experiment progress

All parameters were changed during the experiment, because initially it was not possible to obtain
a welding seam at all. When the first results appeared, the parameters were divided into two
groups: constant parameters - parameters that are adjusted and give the required result and the
second group of parameters: variable parameters - parameters that can be changed. Changing
these parameters had the most significant effect on the weld quality

3) G code: 4) Air flow from the
constant 1) Focusing 2) Pulse duration i left side, distance from
L Z1GZAG from .
value time: 6.00mm / length: 15ms . the workpiece 100mm,
right to left
angle 60 degrees.
Table 4.

Changing the current and frequency are the two parameters that have a wide operating range
and a visually visible effect when changes are made to these parameters.

Table 5.
Current 180A 185A 190A 195A 200A
Laser head
speed:100% )
not enough | not enough f:ql?ggt;i? 116221551 éfar Too high
and Frequency: o o
SHz
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Table 6.

Frequency: 1Hz 3Hz SHz THz 10Hz 15Hz

Current: 195A
and

102kg tear 86kg tear

) . Too fast Too fast
resistant resistant

Too low | Too low
Laser head

speed: 100%

Not enough - power directly depends on the amperage during pumping, the laser beam has enough
power to melt the material!
Too high - Too high temperature, metals melt and split in different directions!

Too low - The speed of the laser head is constant and the frequency is too low to heat the material in
relation to the distance traveled by laser head per unit of measured time.

Too fast - Too high a frequency simultaneously makes the weld and at the same time destroys it by
making through holes!

Tensile testing of welds
The computer program of the Zwick / roell z150 device constructed the following graphs:

In the weld test, the tensile strength test was performed on a Zwick / roell z150 machine, thanks
to which it is known how much load a welding seam made of steel and aluminum can withstand. From the
obtained graphs it is possible to obtain accurate results and perform data analysis and draw a conclusion.
A total of five blanks were tested for strength. All five blanks have identical parameters. From which the
approximate average result can be deduced.

i S e ok s

B i 2wick [Roell
ot | s | i

Té L]

fLLas e

i .l. -

5 -] P 41,074 o BO2,535

Fig.4. Results for tensile test
Conclusions

Analyzing the graphs, it can be concluded that on average in steel and aluminum welding the
seam withstood 90kg tensile load, which is a good indicator, considering that the thickness of the
workpiece is only Imm.

However, it should be noted that the weld is fragile and if such a weld were used in structures
where there is a risk of oscillation or impact, the weld will quickly lose its mechanical properties and
crack.

In the future, it is necessary to perform experiments with more powerful welding lasers, and
with different material thicknesses. To get more information about aluminium and steel welding.
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Ievads

Misdienas makondatoSana ir svariga lietotaju un uznémumu dzives sastavdala. Pateicoties
makondatoSanai, cilvékiem ir visas iesp€jas saglabat savus datus makoni, parsitit lietojumprogrammas
utt. MakondatoSana lauj uzn€émumiem saglabat naudu par dargu aparatiiru un programmaturu, ka
arT ietaupa laiku uzpémuma darbiniekiem. Makondatosanas tehnologijas radas pagajusa gadsimta
piecdesmitajos gados un joprojam attistas.

Referata mérkis ir aplikot makondatoSanas jédzienu, makonu veidus, makondatoSanas
ieguvumus, ka arf ar tiem saistitas grutibas un riskus.

Cloud Computing

Kas ir makondatosana?

MakondatoSana (cloud computing) ir datu glabaSana, apstrade un izmantoSana attalos
datoros, kuram piekliist, izmantojot internetu. Miisdienas daudzi cilvéki izmanto makondatoSanu,
to pat neapjauSot. Makondatosanas tehnologija var biit pamata tadiem pakalpojumiem ka timekla
e-pasts vai socialie tikli. Izmantojot makondatoSanu, klienti var pieklut datiem, programmatiiram
un lietojumprogrammam neatkarigi no ta, kur vini atrodas. Datorprogrammas atrodas makoni, kuru
uztur pakalpojuma sniedzgji. Klientiem nav jauztraucas par tadam lietam ka atminu un jaudu. Makoni
datu apstrades jaudu nodrosina lieli datu centri ar simtiem serveru un datu glabasanas sistému, kuru
jauda ir pietieckama gandriz jebkurai datorprogrammatiirai, kas varétu biit nepiecieSama klientiem.
Dazkart pakalpojumi ir bez maksas, tacu vairums klientu var maksat mainigu summu atkariba no
lietoSanas apjoma vai nemainigu ménesa maksu. [1] [2]

MakondatoSanu veidi

MakondatoSanu parasti apraksta viena no diviem veidiem - pamatojoties uz makona atraSanas
vietas vai péc makona pakalpojuma veida. Pastav ¢etri makona veidi: publiskais makonis (public
cloud), privatais makonis (private cloud), hibridais makonis (hybrid cloud) un kopienas makonis
(community cloud).

Publisko makonu skait]oSanas infrastruktiira atrodas makondato$anas kompanijas telpas, kura
piedava makona pakalpojumu. Tadgjadi klienti nevar fiziski kontrolét infrastruktiiru, jo infrastrukttiras
atraSanas vieta nav klienta tuvuma. Ta ka publiskie makoni izmanto kopigos resursus, tie ir neaizsargati
pret dazadiem uzbrukumiem. Publiskie makoni parasti ir pieejami jebkuram klientam.

Privatais makonis nozimé to, ka makona infrastruktiiru (tiklu) izmanto tikai viens klients vai
organizacija. Tas netiek kopigots ar citiem, bet makonis atrodas attalinati no klienta. Uzpémumiem
ir iesp&ja izveleties ar1 privatos makonus, kuriem var fiziski kontrolét infrastrukttiru, bet tas izmaksa
dargak. DroSibas un kontrol€s Iimenis ir visaugstakais, jo tiek izmantots privatais tikls.

Hibridais makonis ir privata un publiska makona apvienojums. Piem&ram, publisko makoni
var izmantot, lai mijiedarbotos ar klientiem, vienlaikus saglabajot klienta datus, izmantojot privato
makoni.

Kopienas makona infrastruktiira ir kopiga starp organizacijam. Parasti ar kopigam datu un datu
parvaldibas probléemam. Pieméram, kopienas makonis var piederét vienas valsts valdibai. Kopienas
makoni var atrasties gan telpas, gan arpus tam. [3]]J4]

https://doi.org/10.17770/het2022.26.6948



MakondatoSanas ieguvumi

MakondatoSana ir skaitloSana, kuras pamata ir internets. Ar to palidzibu cilveki ir sp&jigi
pieklit programmam un datiem, izmantojot internetu. Miisdienas makondatoSanu izmanto liela
dala cilvéku. Pieméram, kad jis atjauninat savu Facebook statusu, jiis izmantojat makondatosanu.
Parbaudat bankas atlikumu caur talruni, jus izmantojat makoni. Liela dala uznémumu izmanto vismaz
vienu makona pakalpojumu. Iemesls ir tads, ka makondatosana palielina efektivitati, palidz uzlabot
naudas pliismu un piedava daudz vairak prieksrocibu.

Viena no prieksrocibam ir elastiba. Makona pakalpojumi ir ideali piem&roti uzp€émumiem
ar augoSu vai svarstigu joslas platuma pieprasijumu. Ja uzn€émuma vajadzibas palielinas, ir viegli
palielinat makona ietilpibu, izmantojot attalos pakalpojumu serverus. letilpibu var arT viegli
samazinat. Sis veiklibas limenis dod lielu prieksrocibu uznémumiem, kuri izmanto makondato3anas
pakalpojumus, starp saviem konkurentiem.

MakondatoSanas prieksrociba ir automatiskie programmatiiras atjauninajumi. Pakalpojumi
sniedz€ji rup&jas un regulari atjauno programmatiiras atjauninajumus, tostarp ari droSibas
atjauninajumus. Tap&c klientiem nav jauztraucas par patéréto laiku, atjaunojot sist€ému.

MakondatoSana samazina aparatiiras izmaksas. Klienti maksa par pakalpojumu atkariba no
savam maksasanas iesp&jam.

Pieméram, uznémuma darbinieki var pieklat, redigét un koplietot dokumentus jebkura laika
un no jebkuras vietas. To var darit vairaki cilvéki vienlaicigi. [zmantojot mijiedarbibas darbplismu
un faila apmainas programmas, var reallaika atjauninat informaciju un nodrosinat pilnigu sadarbibu
ar cilveékiem.

Ar makondatosanas pakalpojuma palidzibu cilvéki var stradat no jebkuras vietas, kur ir
pieejams internets. MakondatoSana ir pieejama iericeém, kuram ir pieejams internets. Pateicoties $adai
priekSrocibai, uznémums var piedavat darbiniekiem elastigus darba laikus.

Pateicoties makondatoSanai, failus var glabat makoni un neuztraukties par to, ja kads ir
nozadzis klépjdatoru ar svarigiem dokumentiem. Ta ka dati tiek glabati makont, ir iesp&jams attalinati
notirit datus no nozagta klépjdatora, lai tie netiktu nepareizas rokas.

MakondatoSana ir videi draudziga, jo p&c klienta vajadzibam servera ietilpibu var palielinat
un samazinat, tada veida var izmantot tikai nepiecieSamo energiju un samazinat oglekla daudzumu
vide. [5] [6]

MakondatoSanas galvenas problémas un riski

Ar katru gadu uzn€mumi vairak sak izmantot makondatoSanas pakalpojumus, uzglabajot
datus makonos. Ar to, ka uzn@mumi sak lietot makonus, palielinas kiberuzbrukumu skaits. Drosiba
ir viens no vissvarigakajiem makondatoSanas jautajumiem. Ta ka viss balstas uz internetu, tas nav
pasargats no uzbrukumiem. MakondatoSana ir izplatits tikls, kur§ arT lauj atri uzp€mumiem atgiities
no uzbrukuma sekam. Lai mazinatu problémas rasanos, vispirms ir jaizp&ta pakalpojuma sniedzgja
drosibas politiku.

MakondatoSanas probléma ir arT makopa saderiba. Misdienas uznémumi izvElas
makondatosanas pakalpojumus, jo tie visizdevigakie risinajumi uznémumiem. Tom@r var rasties
problémas ar uznémuma eso$am IT infrastruktiram, jo sistéma nav saderiga ar makoni. Vienkarsakais
risindjums bitu hibrida makona izmantos$ana, jo hibridajam makonim ir vislabaka saderiba ar
infrastrukttram.

Daudzi uznémumi glaba savus datus vairakos serveros, dazkart aptverot vairakas valstis. Ja
kads no centriem saskaras ar problému un nevar piekliit pie servera, tas var radit lielas problémas
uznémumiem. Probléma pastiprinas, ja dati tiek glabati citas valsts serverl. Uzp€mumiem ir
japrecize, vai pakalpojumu sniedz€js var pilnigi garantét pakalpojuma pieejamibu pat joslas platuma
partraukuma periodos. [7] [8]
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Secinajumi

MakondatoSanas tehnologijas ir lielisks atklajums. Ar vinpu atbalstu cilvéki var pieklat
programmam un informacijai, izmantojot internetu neatkarigi no savas atrasanas vietas. Makoniem ir
visas iesp€jas pliist cauri visdazadakajam iericém, piem&ram, datoriem, talruniem un citam ieric€m.
MakondatoSanas tehnologijas turpina attistities un paliek arvien &rtakas lietotajam. Izmantojot
makondatoSanas piedavajumus, klientiem nav jauztraucas par atminu, mikroprocesora jaudu un
veiktspgju, ka arT nav jauztraucas par pasiem datoriem. To sagatavo pakalpojuma sniedzgjs. 2018.
gada 25.maija stasies speka Vispariga datu aizsardzibas regula (GDPR - General Data Protection
Regulation), kas paredz parzina obligatu pienakumu konstatét datu aizsardzibas incidentus, tapéc
liela dala gadijumu ir nepiecieSami papildu ieguldijumi dazados monitoringa un aizsardzibas rikos.
MakondatoSanas pakalpojumu sniedz&jiem vajadzes pievérst lielaku uzmanibu drosibai.
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Abstract: The 21st century has brought a number of challenges to the world that humanity has to face. Climate
change is one of them and the world community must do everything it can to improve the current situation. Scientists
have shown that the main cause of climate change is the increasing concentration of greenhouse gases (GHGs) in the
atmosphere, driven by human economic activity.

The environmental impact of the agricultural sector, in the form of increasing GHG emissions, is becoming more
pronounced and farmers need in-depth knowledge of the greenhouse gas emissions from agricultural activities and their
potential reduction on farms. This is all the more so as EU support for farms is planned to be linked to measures taken to
reduce GHG emissions.

Keywords: GHG emissions, fermentation, digestibility, climate-neutral economy

Ievads

Pasaul€ 21. gadsimts ir atnesis virkni izaicinajumu, ar kuriem cilvécei ir jarékinas. Klimata
parmainas ir viens no tiem un pasaules sabiedribai jadara viss, lai uzlabotu esoSo situaciju. Zinatnieki
ir pieradijusi, ka galvenais klimata parmainu iemesls ir arvien pieaugosa siltumnicas efektu izraisoSo
gazu (SEG) koncentracija atmosfera, ko veicina cilvéku ekonomiska aktivitate.

Lauksaimniecibas sektors ir otrs liclakais SEG emisiju avots Latvija uzreiz aiz energétikas
un transporta, 2018. gada sastadot 22,3 % no kop&jam SEG emisijam valsti. Lielako dalu (60,8%)
no sektora kop&jam emisijam veido lauksaimniecibas augs$nu apstrade. Savukart lauksaimniecibas
dzivnieku zarnu fermentacijas procesu emisijas ir otrs lielakais emisiju avots (31,2%). Kutsméslu
apsaimniekosana rada 6,8%, savukart kalkosana un karbamida izmantosana kopa veido 1,2% no
kopéjam lauksaimniecibas emisijam. Tomer zinatnieki uzskata, ka cilvéka riciba var mainit notikumu
gaitu. Tuliteja, atra un plaSa méroga siltumnicefekta gazu emisiju samazinasana un neto nulles limena
CO, emisiju sasniegSana var ierobeZot klimata parmainas un to ietekmi.'

Lauksaimniecibas nozares ietekme uz vidi, pieaugoso SEG emisiju veida, klust izteiktaka,
un lauksaimniekiem ir nepiecieSamas padzilinatas zinasanas par siltumnicefekta gazu veidoSanas
procesiem lauksaimnieciskaja darbiba un to iesp&jamo samazinasanu lauku saimniecibas. Vel jo
vairak tadge], ka saimniecibu sanemto ES atbalstu plano sasaistit ar veiktajiem pasakumiem SEG
emisiju samazinasana.

Petijuma meérkis: izpetit zemnieku saimniecibas ,,Kalnziedi” galas liellopu baribas bazes
audzeSanas un attistibas kapinasanas iesp€jas samazinot SEG emisijas.

Lai sasniegtu mérki tika izvirziti sekojosi uzdevumi:
1. Izpétit zinatnisko literatliru un normativos aktus par galvenajiem SEG emisiju avotiem galas
liellopu audzesana;

! Klimata parmainas: ko dara ES [tieSsaiste].Eiropas padomes timekla vietnes publikacija [skatits 02.11.2021.]. Pieejas

veids: https://www.consilium.europa.eu/lv/policies/climate-change/
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2. Izpetit galas liellopu audzeSanas pieredzi saimnieciba ,,Kalnziedi”;

[zmantojot tieSsaistes SEG emisiju aprékinaSanas Cool Farm Tool riku veikt saimniecibas “

Kalnziedi” SEG emisiju aprékinu.

4. Veikt saimniecibas izmaksu efektivo SEG emisiju samazinaSanas pasakumu analizi un
perspektivas saimnieciba “Kalnziedi” .

[98)

Materiali un metodes
Raksta teoretiskais pamats ir veidots, balstoties uz zemnieku saimniecibas ,,Kalnziedi”
gramatvedibas uzskaites un saimniecibas parskata dokumentu datu analizi, izmantojot Cool Farm
Tool riku un uz zinatnisko literatiiru un publikacijam.
Balstoties uz iegiitajam teorétiskajam atzinam un saimniecibas SEG emisiju analizes datiem
autore noteica izmaksu efektivakos saimniecibas “Kalnziedi” SEG emisiju samazinasanas pasakumus.

Rezultati un diskusija

Lauksaimnieciba ir otrs lielakais emisiju sektors Latvijas SEG inventarizacija, kas radija
22,3% (2609,40 kt CO2 ekv.) no kopgjam Latvijas SEG emisijam 2018.gada, neskaitot Zemes
1zmantoSanu, zemes izmantoSanas mainu un mezsaimniecibu.

Siltumnicefekta gazu (SEG) inventarizacijas zinojuma tiek uzskaititas sekojosas
lauksaimniecibas nozares raditas emisijas:

» metana (CH4) emisijas, kas rodas lauksaimniecibas dzivnieku zarnu fermentacijas procesa
un no kiitsmeslu apsaimniekoSanas;

« dislapekla oksida (N20O) emisijas, kas rodas kiitsmeslu uzglabasanas, izkliedéSanas un
augsnes apstrades procesos;

* oglekla dioksida (CO2) emisijas, kas rodas no karbamida izmantoSanas un kalkoSanas.?

Latvija ir izstradati nacionalie planoSanas dokumenti stratégija “Latvijas stratégija
klimatneitralitates sasniegSanai lidz 2050. gadam” (Klimatneitralitates stratégija), ka
arT Latvijas Nacionalais energétikas un klimata plans (NEKP) 2021.-2030. gadam.

Meérkis ir attistit lauksaimniecisko razoSanu, lai ta biitu savietojama gan ar
vides un gaisa, gan klimata politiku, nevis rada papildu piesarnojumu un SEG emisijas.
Tas nozimé€, ka galvenais izaicinajums lauksaimnieciba ir ka palielinat razosanu un taja pasa laika
samazinat lauksaimnieciskas darbibas ietekmi uz vidi.

Lauksaimniecibas sektora siltumnicas efektu izraisoSo gazu emisiju samazinoS$ie pasakumi tiek
iedaltti septinas apaksgrupas: Laukkopibas pasakumi, zalaju apsaimniekoSanas un ganibu uzlabosanas
pasakumi; organisko, kiidras aug$nu apsaimniekoSana, degradéto zemju apsaimniekoSana, lopkopiba,
kaitsméslu apsaimnieko$ana un bioenergijas razoSana. *

SEG emisiju izvértéjums izmantojot Cool Farm Tool tiessaistes kalkulatoru
Tika veikts SEG emisiju aprékins saimnieciba “ Kalnziedi” izmantojot CFT kalkulatoru,
aprékinot kultiraugu ekologisko pédu. 1.1.attéla

Kopéjas emisijas Emisijas uz hektars Emisijas uz tonna

5,21k 208,39 13,89

Kopéjas emisijas

seklu Atieku Meslojuma  Augsnes/ | Risulauku  Kultoraugu Ogleklz Energijas Energijes  Notekadeni svess
produkcja  apsaimnieko  produkca  msiojums metans aizsardziba  kiajumu  izmantosana  izmantosana (nelauksa

22020.gada iesniegtas siltumnicefekta gazu inventarizacijas kopsavilkums[tiessaiste]. meteo.lv publikacija [skatits
30.09.2021.]. Pieejas veids: https://www.meteo.lv/fs/ CKFinderJava/userfiles/files/Vide/Klimats/Majas_lapai_
LVGMC_2020_seginvkopsavilkums.pdf

* https://www.lad.gov.lv/files/ladDocument/1670/4_1_4 2_LLU_Rokasgramata_SEG_2014.pdf
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Detalizeti dati Paslépt datus

Avoti co, N,0 CHy Total CO, g Uz ha Uz tonna
Seklu produkeija 0 0 0 0 0 0
Atlieku apsaimniekoiana 0 0 0 0 1] 1]
Méslojuma produkcija 0 0 0 0 0 0
Augsnes / méslojums 0 3,99 0 1,19k 47,59 317
Risu lauku metans (1] o (1] 0 0 0
KultGraugu aizsardziba 0 0 0 0 0 0
Oglekla krdjumu izmainas 0 o 0 0 0 0
Energijas izmantoana (lauks) 4,02k ] 0 4,02k 160,80 10,72
Energijas izmantoana (apstrade) 0 0 0 0 0 0
Notekldeni 0 o 0 0 0 0
Svess (nejlauksaimniecibas transports [1] 0 [1] 0 1] 1]

* Aprékinats ar apstiprinatam standarta vértibdm mésloSanas lidzeklu raZosanai.

1.1. attels SEG emisijas sétie zalaji 1. gads 2021. Gads

Saimnieciba no sétajiem zalajiem 1. gada tiek ieguta skabbariba, sarazotas skabbaribas
emisijas ir 208,39 kg/ha, nozimigakie avoti emisiju radiSanai ir energijas izmanto$ana

(degviela) un lauku meslojums. Otraja Iidz piektajam gadam no aramzeme sétajiem zalajiem
saimnieciba ievac sienu. Radito emisiju analize paradita 1.2. attéla.

Kopéjas emisijas Emisijas uz hektars Emisijas uz tonna

9,94k 150,68 21,53

Kopéjas emisijas

2,0k

7,0k Zlc

6,0k -

5,0k

4,0k

3,0k 2,9k

2,0k

1,0k

00 0,0 0,0 0,0 . 0,0 . 0,0 . 0,0 . . 0,0 . 0,0 . 0,0

S&klu Atlieku Méslojuma Augsnes / RTsu lauku Kultdraugu Oglekla Energijas Energijas Notekiideni Svels
predukcija apsaimnieko produkcija méslojums metans aizsardziba krajumu izmantosana izmantoiana (ne)lauksai

Detalizéti dati Raskep Ldatus
Avoti co. NZO CH Total CD2 eq Uz ha Uz tonna
Seklu produkcija 0 0 0 0 0 0
Atlieku apsaimniekozana 0 0 0 4] 0 4]
M&slojuma produkcija 0 0 0 o] 1] o]
Augsnes / méslojums 0 9,63 0 2,87k 43,48 6,21
RTsu lauku metans 0 0 1] o 0 o
Kultdraugu aizsardziba 0 0 1] 4] 0 4]
Oglekla krdjumu izmainas 0 0 0 4] 0 4]
Energijas izmantoana (lauks) 7,08k 1] (1] 7,08k 107,20 15,31
Energijas izmantoana (apstrade) 0 0 0 o] 1] o]
Notekadeni 0 0 0 4] 0 4]
Svess (ne)lauksaimniecibas transports 0 0 1] 4] 0 4]

* Aprekinats ar apstiprinatam standarta vértibam mésloianas Iidzeklu raZosanai.

1.2. attels SEG emisijas setie zalaji 2.-5. gads 2021. gada apréekins

Setajos zalajos 2. — 5. gada tiek ievakts siens, SEG emisiju galvenie avoti ir augsnes meslojums
un energijas izmantos$ana, kopuma sarazots 150,68 CO2 kg/ha. Nozimigakie avoti emisiju radisana ir
augsnes méslojums un izmantota energija lopbaribas sagatavoSanai.

Analizgjot kop€jas saimniecibas SEG emisijas tika iegtti 1.3.attela redzamie dati.
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Kopéjas emisijas Emissions per kilograms live weight added

3,16M 31,49
kg CO2

Kopéjas emisijas (kg CO2)

65,0M]
som 5,10
4,0M 4
3,0M
2,0M
1.0m4 370k

0,0 12k 2,7k 18k

0,04
-1,0M
-2,0M

3,004 -2,8M

-4,0M

T T T T T
Ganibas Zalaja méslo3ana Lopbaribas rafosana Zarnu fermentacija Katsméslu Energija & Process Transports

apsaimniekosana

1.3. attéls Saimniecibas “ Kalnziedi” saraZzotas emisijas 2021. Gada

Saimnieciba razota produkcija galas liellopi. Lai sarazotu kilogramu produkecijas tiek sarazoti
31.49 kg CO2 emisiju. Galvenie emisiju avoti ir ganibas, lopbaribas razo$ana un zarnu fermentacija.
1.4. att€la redzamas kopgjas saimniecibas emisijas.

SEG emisijas

3 133 744 kg CO2

Ganthas

Z3il3ja mésloiana

0%
Lopbaribas ratoana

— -

Zarnu fermentacija

. 28%

KOtsméslu apsaimniekoZana

0%
Energija & Pracess

0%
Transports

0%

1.4. attels 2021. gads SEG emisijas saimniecibai saskana ar patereto lopbaribu
No iegutajiem datiem redzams, ka lielakais emisiju radiSanas avots ir ganibas, tas nozime,

ka ir japievers lielaka veriba ganibu produktivakai apsaimniekoSanai. 1.5.attéla ir model€ts emisiju
apjoms pie ieteiktajam LLKC baribas devam.
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SEG emisijas

198 499 kg CO2

Ganibhas

Z3l3ja méslosana

0%
Lopbaribas rafosana

Zarnu fermenticija

. 448%

Kitsméslu apsaimniekoiana

5%
Energija & Process

0%
Transports

0%

1.5. attels 2021. gads SEG emisijas saimniecibai saskana ar LLKC konsultantu izstradatajam
baribas devam

Ka redzams 1.5. att€la izmantojot datu analizei LLKC ieteiktas baribas devas emisiju apjoms
vairakkartigi samazinas, kas liek domat par to, ka lopiem vajadz&tu sabalans&t baribas devas veicot
baribas analizes.

M Zigitsjgovis M Galai audzijamie teli Vaislas teles M Bulli

1.6. atteéls Ganibu emisiju sadalijums

Pec 1.6.att€la var secinat, ka visvairak emisiju rada ziditajgovis un galai audz€jamie teli.
Edinot dzivniekus pé&c biologiskas saimniekoSanas ekstensivas metodes kopuma emisija atmosfera
var but pat lidz astonam reizém lielaka neka intensivas €dinasanas sisttma. Metana emisiju var
samazinat, iz&€dinot kvalitativu zales lopbaribu, vairak koncentréto baribu un baribu ar lielaku tauku
daudzumu. Liellopi uznemot baribu tas parstrades procesa sarazo kiitsméslus, 1.7. att€la redzams
procentualais sadalijums starp sarazoto kiitsméslu daudzumu un liellopu grupu.
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W Zigisjgovis M Galai audzEjamie teli Vaislas teles M Bulli
1.7. attels Kiitsmeslu emisiju sadalijjums

67% no sarazotajam kiitsméslu emisijam rada ziditajgovis, 25,9% galai audz&jamie teli un
6,6% vaislas teles. Ta ka saimnieciba ir tikai viens vaislas bullis, tad vina raditas emisijas ir mazakas
par 1%. Lai mazinatu kiitsméslu emisijas jadoma par betonéta govju pastaigu laukuma izveidoSanu
ziemas periodam un papildus nojumes biivniecibu, tadejadi radot apstaklus mazakiem baribas
zudumiem pie barotavam, kuri noklist kiitsméslos un tadejadi art samazinot pakaiSu apomu, kur$
tiek lietots sausu govju gulvietu nodroSinasSanai. 1.8. att€la attelots lopbaribas emisiju sadalijums.

W Zigitsjgovis M Galai audzEjamie teli vaislas teles M Bulli

1.8.attels Lopbaribas emisiju sadalijums

Lai paaugstinatu lopbaribas ap€édamibu javeic noteikti pasakumi — baribas analizes un baribas
devu sabalanséts aprekins. 1.8.attela vérojams, ka 91,5% no saraZzotajam emisijam veido ziditajgovju
lopbaribas emisijas. Baribas apédamiba nosaka ar1 fermentacijas procesus liellopu zarnas un sarazoto
SEG emisiju daudzumu. Sabalanséta un dzivnieku vajadzibam atbilstosa bariba ietekme N izdaliSanas
atrumu no kutsmésliem, kas pozitivi ietekme N,O emisiju samazinajumu.

B zigitsjgovis M Galai sudzSjamie teli Vaislas teles M Bulli

1.9. attéls Zarnu fermentacijas emisiju sadalijums
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67,4% no zarnu fermentacijas emisijam sarazojuSas ir ziditajgovis, 25,9% ataudzgjamie
teli un 6,6% vaislas teles. Lai samazinatu emisijas kas rodas nepiecieSama dzivnieku baribas devu
optimizacija, ka art striktak veicama dzivnieku daliSana pa grupam, lai nodroSinatu piemé&rotaku
baribas sadalfjumu.

Izmaksu efektivie SEG emisiju samazinasSanas pasakumi saimnieciba “ Kalnziedi”
Analizgjot apskatitos SEG emisiju samazinoSos pasakumus un to efektivitati var konstatét, ka
dazi pasakumi ir ekonomiski dargi un to ievieSana prasa lielus ieguldijumus un [idz ar to tie ir veicami
ilgaka laika posma, bet dazi pasakumi, neprasa lielus ieguldijumus un tos realiz&jot Tsaka laika posma
var sniegt butisku ieguldijumu saimniecibas emisiju samazinasana.
Saimniecibas Tstermina pasakumi SEG emisiju samazinasanai:

e Rupjas lopbaribas kvalitates paaugstinaSana - strikti ievérot optimalo plausanas laiku
skabbaribas un siena sagatavoSanai;

e Veikt rupjas lopbaribas laboratoriskas analizes — saskana ar kvalitates vértejumu planot
baribas devas;

e Veikt augsnes agrokimiskas analizes — saskana ar rezultatiem planot méslojuma
nepiecieSamibu laukiem un noteikt piemérotako zalaju maisijumu augstakas razas
ieguvei;

e Ganibu platibu optimizacija — ieviest lauku rotacijas principu, stingri sekojot zelmena
optimalajai ataugSanas stadijai;

Saimniecibas ilgtermina pasakumi SEG emisiju samazinaSanai:
e Melioracijas sistému renovacija - zalaju auglibas palielinasanai,
e AugsSnu kalkoSana — augsnes auglibas potenciala palielinaSanai.

Secinajumi

1. Galvenie emisiju avoti saimnieciba ir ganibu apsaimniekoSana, lopbaribas raZzoSana un zarnu
fermentacija.

2. Lai sarazotu kilogramu produkcijas tiek sarazoti 31.49 kg CO2 emisiju.

3. Lai saimnieciba varétu perspektivi attistities samazinot SEG emisijas ir jakapina raZas un japalielina
bruto segums no iesaistita hektara.

4. Saimnieciba no laukkopibas pasakumiem visefektivak CO2 emisijas varétu samazinat rekonstrugjot
esosas melioracijas sisteémas.

5. Lai kapinatu baribas sagremojamibas raditajus jaseko Iidzi saraZotas baribas kvalitatei, javeic
baribas analizes.

6. Baribas devas ir jasabalansé maksimali tuvu govs vajadzibam péc aminoskabém, lai tad&jadi
samazinatu kopg&jo proteina daudzumu un attiecigi ar1 samazinatu lieka slapekla daudzumu.

Summary
The environmental impact of the agricultural sector, in the form of increasing GHG emissions,
is becoming more pronounced and farmers need in-depth knowledge of the greenhouse gas emissions
from agricultural activities and their potential reduction on farms. The article provides information
on the possibilities of reducing GHG emissions in the farm “Kalnziedi”. GHG emission reduction
measures.
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Introduction

Before the emergence of the Ethereum network blockchain technology has been a solution
that was looking for a problem [1]. The original purpose of Bitcoin [2] has been to create a peer-to-
peer version of electronic cash that would allow online payments to be sent directly from one party
to another without going through a financial institution. But it has struggled to compete with existing
payment systems due to the technical limitations [3] of its proof-of-work consensus algorithm and the
questionable reputation of Bitcoin [4].

The important difference between Ethereum and Bitcoin is an introduction of Ethereum Virtual
Machine (EVM) [5]. The key to the popularity of EVM and its Turing-complete language Solidity was
that it allowed developers to write and execute code on the blockchain using smart contracts [6]. In
a way, Ethereum blockchain network set out to be a global, decentralized computing platform [7].
According to “State of the DApps” [8], which is a not-for-profit curated directory of decentralized
applications (DApps), over 4000 applications have been deployed on the Ethereum blockchain as of
April 2022.

This paper will focus on the class of DApps that are used in decentralized finance. The
Decentralised Finance (DeF7) market has experienced exponential growth since the summer of 2020
- the total value of crypto-assets locked in DeFi applications built on the Ethereum blockchain peaked
in November 2021, exceeding 240 billion USD [9] — an increase from 14 billion USD a year earlier,
according to the largest DeFi “total value locked” (TVL) aggregator DefiLlama.

The goal of this paper is to analyze the differences between DeFi and traditional centralized
finance (CeFi). This is done by studying one of the most important sectors of financial markets —
trading of digital assets. The paper will look at some advantages and disadvantages of AMM-based
DEXes when compared against classical CLOB-based centralized exchanges (CEX). This includes
studying the technical implementations and pinpointing the fundamental differences between the two.
The paper will also highlight the regulatory challenges the DeFi sector is facing today.

Materials and methods
This paper is a case study of decentralized finance using Uniswap DEX as a subject. To gather
information about DeFi and Uniswap the author will be using a collection of research papers that
study AMM:s and the blockchain technology, which is a form of Distributed Ledger Technology (DLT).
Since DLT and DeFi are emerging fields, looking at the scientific publications won’t be enough -
there is also a need to look at news articles, blog posts, social media, and source code repositories to
gather and analyze information from various experts around the DeFi industry.
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Results and discussion

Earlier iterations of DEXes on the Ethereum blockchain, such as EtherDelta and IDEX, were
implemented using limit-order based model [10]. They both managed their order books off-chain,
since it’s impractical and too expensive to do that on-chain. Which meant that the degree to which
they were decentralized was quite limited [11].

Uniswap was one of the first successful implementations of 4AMMs on the blockchain. It was
created by Hayden Adams in 2018 [12] and the first version was based on a concept described by
Vitalik Buterin in a blogpost [13]. Uniswap was built around a constant product formula [14], which
in its simplified form can be viewed as C = r/ * r2, where r/ and r2 are reserves of the digital assets
in a trading pool and C is a constant. This formula is used to price assets in a pool.

As the project gained more traction and more support, it released new versions of the protocol
- V2 [15] and V3 [16], that added new features to the exchange. Uniswap Labs, a company that was
built around this project, has made V2 of Uniswap open source licensed under the GPL, which lead
to the development of many Uniswap clones and competitors, some of which improved upon the
platform’s weaknesses.

For example, Curve Finance [17] modified the constant product formula to facilitate stable
coin swaps with lower fees and Balancer [18] tried solving the impermanent loss [19] problem of
Uniswap by introducing multi-asset pools that lowered the potential impact of impermanent loss at
the expense of complexity of market making in pools with more than 2 assets.

Advantages of AMM-based DEXes in comparison to CLOB-based CEXes

1) Censorship-resistance. Trustless blockchain networks, along with permissionless and
immutable nature of smart contracts that were used to build Uniswap, have the potential to
deny one authority the power to prevent users from using the trading platform. Centralized
exchanges like Binance can arbitrarily prevent users from accessing the platform according to
their terms of service [20].

2) Uniswap V2 has introduced the ability to use flash loans to trade digital assets. Flash loans
provide users with the ability to borrow digital assets with no collateral if the assets get
returned to the pool within the same blockchain transaction [21]. Flash loans take advantage
of a unique property of Ethereum blockchain - atomicity of transactions [22].

3) According to the latest study [23], Uniswap V3 offers deeper liquidity on popular trading
pairs than the leading centralized exchanges, such as Binance, Coinbase and Kraken. Deeper
liquidity means lower slippage on trades, which could make prices of digital assets more
stable.

4) Becoming a liquidity provider on AMM-based DEXes is an easy and trustless process, that can
allow retail investors with no technical expertise and prior knowledge to become market
makers in a trading pair and benefit from the ability to get a proportional cut of fees from all
the trades performed on the platform [24]. This process is subject to significant counterparty
risks, such as adverse selection and principal-agent problem [25].

5) AMMs rely on traders that participate in arbitrage to adjust the exchange rates of tokens
across the market. In volatile markets such as cryptocurrency trading market this generates
extra trading volume that benefits liquidity providers in AMM liquidity pools [26].

6) Uniswap V2 has introduced the potential to use the smart contracts of the trading pairs to
calculate the time-weighted average price (TWAP) of the token [27]. Uniswap V3 has made
further improvements to TWAP functionality [28]. As a result of that a lot of projects in DeFi
have started using Uniswap as a price oracle [29]. It’s worth noting that some researchers
have argued [30] that manipulating such an oracle could be less expensive than originally
anticipated.

Disadvantages of AMM-based DEXes in comparison to CLOB-based CEXes
1) CEXes have been targeted by some high-profile hacks in the past [31], but the chances of third
parties exploiting DeFi protocols are higher because of smart contract risk. The compiled
bytecode and the state of all the deployed smart contracts are public [32] and anyone can
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analyze them to try and find an attack vector. Bugs in proprietary software can exist for years
without bringing any harm to the system. Due to the public nature of smart contracts, their
inefficiencies, bugs, and logic errors get exploited on a regular basis [33] [34] [35]. Because
of how devastating the impact from smart contract vulnerability can be, a new industry has
emerged to try and solve the problem - smart contract security auditing [36].

2) The non-custodial nature of DApps can also be a disadvantage. For example, losing the
private key to a non-custodial cryptocurrency wallet would mean there is no way to recover
the funds, unlike an account on a CEX such as Binance, where recovery mechanisms exist.

3) Tosell orbuy adigital asset on a blockchain a user must submit a transaction. These transactions
can sometimes get stuck due to a low gas fee in a period of high network activity [37]. This
can lead to bad user experience. In fact, modern CEXes settle transactions faster than DEXes
due to the need for a blockchain to reach consensus. So, trade settlement speed with the
technology that exists today will be faster in a centralized solution [38].

4) Most DEXes that are competing with Uniswap, such as Sushiswap [39] and Pancakeswap
[40] are running AMM implementations of open-sourced Uniswap V2 smart contracts. These
pools have low capital efficiency [41]. CEXes typically offer APIs [42] that allow trading bots
to cancel and repost new orders into an order book for free so market making in CEXes will
require more effort but lead to better capital efficiency.

5) Impermanent loss (/L) is one of the main risk factors for market makers in both CEXes and
DEXes. Impermanent loss is the loss incurred by a market making position versus keeping
the initially allocated amounts fixed, it happens when the ratio of tokens 4 and B in a pool
changes. This is even more relevant for Uniswap V3, since it can potentially increase [43] the
IL of a liquidity provider while offering better capital efficiency.

6) High-frequency trading in traditional stock markets has been brilliantly covered by Richard
Lewis in a book called “Flash boys”. Due to Ethereum having a public pool of pending
transactions called mempool [44], digital asset trading on DeFi is plagued by frontrunning
[45], which leads to similar abuses of retail traders at the hands of trading bots.

7) The regulatory challenges that the DEXes are facing is the hurdle that is hurting institutional
adoption without which widespread adoption of DeFi is highly unlikely. This problem gets
looked at in the next section of the paper.

DeFi and regulatory challenges

The chairman of the SEC Gary Gensler has signaled that the regulators will focus more on
exchanges that facilitate the trading and creation of digital assets that need to be registered with the
SEC [46]. Some of the tokens that are traded on Uniswap can be considered securities [47].

Uniswap governance token UNI, which Uniswap announced on September 16" of 2020, is
the only digital asset Uniswap Labs has released [48], and it was done not in exchange for money,
but to reward loyalty. Classifying UNI token as a security will require it to pass a Howey test [49].
Since UNI is a governance token, it possesses unique characteristics that frustrate a simple Howey
test application. A governance token implemented as a loyalty program decentralizes governance to
loyal members of the community and cuts against the first element of the Howey test in requiring an
exchange of money.

That’s not to say that Uniswap Labs and its advisors and investors have not benefitted from
the UNI token. UNI token emission, supply schedule and distribution [50] is showing that Uniswap s
team and venture capital investors will have a disproportionate amount of power [51] in the early
stages of governance, even though they are unlikely to use it considering the potential damage to
their reputation and the impediment to the success of the protocol. Still, it begs the question — how
decentralized Uniswap really is?

Nonetheless, when it comes to potential legal problems Uniswap as a company can’t be looked
at in the same way as BlockFi[52] and EtherDelta [53] that were involved in investigations conducted
by the SEC that led to fines and settlements, since Uniswap isn’t making any promises regarding the
potential profit from the investments [54] and it makes sure that the potential investors are aware that
only they are liable for their actions. Still, it remains an open question whether the Uniswap terms of
service and disclaimer [55] will protect the developers of the project from the SEC when it decides to
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regulate decentralized exchanges that are using smart contracts on the blockchain to facilitate trading.

The problem lies in the fact that the laws are constantly evolving, and the SEC is trying to
keep up with the new technology by proposing new amendments [56] to the Securities Exchange
Act. These amendments redefine what constitutes an exchange and could potentially force companies
like Uniswap Labs to adopt and maintain a suite of compliance programs covering disclosure
obligations, trade reporting, anti-financial crimes, and suspicious activity reporting, as well as passing
qualification exams. Complying with this would be impossible given the immutable nature [57] of
Uniswap contracts.

Since liquidity pools and trades on these exchanges run in permissionless manner [58]
Uniswap developers have no way of stopping people who want to use the smart contracts of the
exchange even if they shut down the website. In fact, according to a tweet from Hayden Adams [59],
most of the trading volume on Uniswap in 2021 didn’t come through the official website but instead
came from trading bots, website forks and wallets. The only way to stop people from using these
smart contracts would be through extreme reputational damage to Uniswap, which a high-profile
lawsuit or an unfavorable ruling of the SEC theoretically might be able to accomplish.

As far as dealing with other exchanges that do not have a legitimate company behind them,
it’s going to be up to the government to track the movement of digital assets on the blockchain and
look for unlawful activities like tax evasion and money laundering. And the recent signing of a new
deal with a blockchain analytics firm AnChain.AI to help monitor and regulate the DeFi industry [60]
goes to show that the SEC takes these matters seriously. In addition to cataloguing and monitoring
known wallets tied to illicit actors, AnChain.AI has built a predictive engine that can be used to
identify unknown addresses and transactions that could be suspicious.

Conclusions

Even though the new generation of AMM-based DEXes are offering some interesting technical
solutions and novel approaches to solving old problems, until the regulatory woes and the issues with
usability are resolved the widespread adoption of DeFi is unlikely, it will remain a tiny niche on
the global market. Even as adoption grows, it is likely that instead of using non-custodial wallets
most investors will get exposed to DeFi via third parties, such as Binance, Revolut or Paypal. Non-
custodial nature, censorship resistance and the appeal of high risk/high reward are compelling enough
to attract risk-tolerant investors, so DeF7i is here to stay, and, despite all the problems, it has a real use
case and a target audience.

There are some interesting developments in other areas of decentralized finance that might
help with institutional adoption, for example Aave Arc and Maple Finance, that are permissioned
lending platforms on the blockchain that are compliant with KYC and AML regulations. It will be
interesting to see if they will bring more institutional capital into the DeFi sector.

Regarding technical evolution of DEXes, it’s fair to say that the open-source nature of smart
contracts on the blockchain and a huge influx of venture capital [61] into DeFi startups has allowed
for a rapid increase in quality and security of decentralized applications. Current blockchain solutions
can run into problems with scalability [62], but that’s to be expected since the industry is in its infancy
and the networks are in active development [63] and are constantly evolving. DLT is still in the era of
growing pains, high-profile hacks, and non-stop innovation.
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Abstract. This publication shows the lifting mechanism for the abrasive processing of belt grinding machine
parts and its control automation. The Nextion display and Arduino Nano were used for this project. They will be used to
control the lifting mechanism of the equipment and the frequency converter.

Keywords: belt grinder, Nextion, display, Arduino.

Introduction

The world is evolving very rapidly, with a growing demand for a variety of machines and
devices that can make modern life easier and simpler and improve work skills. A belt sander for
abrasive processing of parts is used for rounding sharp corners, grinding edges, as well as sharpening
knives and chisels.

To make working with the device more convenient and functional, it is possible to automate
it. A lifting mechanism with a Nextion display and an Arduino Nano are used for this purpose. The
lifting mechanism will give the machine more functionality, more comfortable and betterquality work.

Materials and methods

To solve the multifunctionality of the device, a lifting mechanism with manual control was
designed.

From the beginning, the necessary bibliographic materials were studied to understand exactly
how the given problem could be solved. After researching the bibliography, a kinematic scheme of the
lifting mechanism was developed, in Figurel[3]. It shows a linear motor that pushes the bar forward,
pushes the lever, and raises the belt sander table to 90°. Pulling the bar back pulls the lever and the
table lowers to its original position. Touch screens were then searched on various Internet resources.

M-DC24V

lojo]

X "\ NNANNNA

Fig. 1. Kinematic diagram of the lifting mechanism.
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A 4.3-inch Nextion HMI SOLUTIN touch screen was used to automate the belt grinder, due
to its low cost.

The materials, tools and software were selected for their low cost and ease of use, considering
the type of project, being developed as a prototype to present a practical application of the studies,
with the Nextion display, a mini USB cable was also used, a MicroSD used to upload the code to the
display, the Nextion editor design software was used to create the screens, using features as described
in the technical documentation.

But the machine control program was written in the Arduino program and the lifting mechanism
was designed in the Solidwork program. In the Solidwork simulation program, the axle strength
factor was tested to ensure that the appropriate material was selected. Axis testing is necessary as it
will support the lifting table with the entire grinder. An 8 relay unit was used to control the machine,
which will control the frequency converter, which drives the main grinder motor, and 2 relay unit will
control the linear motor.

Results and discussion
The initial steps to using the Nextion display are very simple, you must first install the
software to edit the Nextion Editor screens [1]. Later, a microUSB adapter was included with the
Nextion device, as shown in Figure 2, and a TX / RX data cable for data adaptation and transmission

is available in the same accessory kit. As well as connections for 5V power, red cable and ground wire
for black cable.

Fig. 2. Nextion display devices with accessories, cables and microUSB connector.

The model used in the project has a 4.3 “display, which is enough to develop a solution. The
Nextion device is chosen because it has the following advantages: easy design, low cost, touch screen
function, reduced amount of programming code. During the process, the main thing is not to confuse
the wires in places. Figure 3 shows how the Nextion display is connected to the Arduino Nano and
the relay block model.

The TX and RX cables are used to transfer data between the Nextion device and a controller,
such as an Arduino. For this project, the TX and RX cables should not be used, as the Nextion device,
this type of project is useful to eliminate the amount of processes performed directly in the controller,
because as the Nextion device has a good storage and processing capacity, it is advisable to use the
available resources, in a balanced way, avoiding overload in the processes [2][5].

After the necessary connections it is necessary to install the Nextion software, this should be
the main tool for the development of the solution, the software already contains some examples of
creation and use of the device, based on these models and available documentation was developed the
example that was used during the development of this process.
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Fig.3. Connection between Arduino, Nextion and relays.

The SOLIDWORKS program was used to implement this project[4]. A 3D model of the lifting
mechanism is shown in it, which is shown in Figure 4.

== A

Fig.4. 3D model of the lifting mechanism.

An axle simulation was also performed, on which the platform of the lifting mechanism will
be mounted and later a belt grinder will be screwed. Figure 5 shows the axle load. It shows that the
maximum curvature is 0.038 mm. But Figure 6 shows the axle strength factor of 8.6. This is enough
for this project, as there is also a small load reserve.
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Fig.5. Axle load test.
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Fig.6. Factor of safety distribution.

Figures 7 and 8 show the end result of a 3D belt grinder and its lifting mechanism.

Fig.7. Belt grinder for lifting mechanism.

Fig.§. Belt grinder in tilted position.
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A case diagram was also created for this project, in Figure 9. In which the control sequence
can be seen, the operator uses only the Nextion display, while the technician can change the Arduino
code and the design and software of the Nextion touch screen.

Technical employee

Fig.9. Case diagram.

Conclusion
In conclusion, the Nextion touch screen with Arduino can create a little automation for simple
devices because the consumables are cheap and available. The Nextion device, allowing the creation
of a solution quickly and simply, also allowing the use of other sensors and devices connected to the
same controller, this is a great advantage compared to other types of displays available on the market.
The lifting mechanism of the belt sander is very simple. The axle is mounted on bearings that
are attached to the frame body, and the lever is mounted on the axle to move the axle.
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Anotacija. Saja publikdcija tiek paraditi koksnes termiskds apstrades ietekme un krdsu izmainas rezultdti uz
tadiem kokmaterialiem ka apse un egle. Koksne tiek paklauta termiskai apstradei ar dazadam temperatiram, izmantojot
Somu uzpemuma razota koksnes termiskas apstrades iekartu.

Abstract. This publication shows the effects of heat treatment of wood and the results of discoloration on wood
such as aspen and spruce. The wood is subjected to heat treatment at various temperatures using the wood heat treatment
equipment of the Finnish company.

Atslegvardi: koksne, termo apstrade, apse, egle, temperatira, paraugi.

Ivads

Koksne ir populars celtniecibas un apdares materials. Neviens sintétiskais aizstajéjs nevar
konkuret ar ta noderigajam un unikalajam ipasibam. Dabiga koka mitruma un siltuma lidzsvars
ir optimals, tas piesatina gaisu ar skabekli, veido unikalu mikroklimatu. Lai pagarinatu koksnes
kalpoSanas laiku, ir izstradata metode, kas palielina zagmaterialu, siju, d€lu un citu koka izstradajumu
izturibu pret ar€jo vidi. Miisdienas visefektivakais veids, ka saglabat koku, ir termiska apstrade. [1]

Termiskas koksnes razoSanas tehnologijas pamata ir koksnes karsé$ana 180-225°C, kas maina
koksnes fizikalas un kimiskas 1paSibas. Apstrade notiek 1pasas zaveésanas kameras, kur katrai koksnes
sugai un tonim nepiecieSama sava sildiSanas temperatiira. Termokoksnes razoSanai tiek izmantoti gan
skujkoki (priede, egle), gan lapu koki (osis, melnalksnis, apse un citi). [2]

Procesa laika tiek izmantots tikai siltums, tvaiks un fidens. Kokam nav pievienotas kimiskas
vielas. Procesu var iedalit tris dazados posmos:

1. Temperatiiras paaugstinasana un beigu ZaveSanas faze

Koksnes temperatiiru strauji paaugstina Iidz apméram 100 © C un péc tam lénam Ilidz 130-
140 ° C. Apstraddjama koksne var bit zala vai iepriek§ 7avéta. Saja faze koksnes mitruma saturs
tiks samazinats loti tuvu nullei. Kad no koksnes tiek atbrivots viss tidens un karsé€Sanas process
turpinas, koksnes kimija sak mainities. Visbitiskakas izmainas notiek hemicelulozgs. Sis izmainas
sakas aptuveni 150 ° C temperatiira, bet augstaka temperatiira paatrina modifikacijas procesu. Augsta
temperatiira procesa biis tvaiks. Tas darbosies ka aizsarggaze; uztur procesu nedaudz zem spiediena
un aizvieto skabekli kamera. [3]

2. Faktiska termiskas modifikacijas faze

Termiska modifikacija notiek 180-225 ° C temperatiira, pamatojoties uz vélamo modifikacijas
pakapi. Temperatiira tiek paaugstinata Iidz vajadzigajam Iimenim un saglabata nemainiga 2 Iidz 3
stundas. Tvaiks tiek ievadits kamera, lai saglabatu kamera brivu skabekli un ietekmé&tu kimiskas
izmainas koksné. [3]
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3. DzeseSanas un kondicionéSanas faze

Procesa temperatiira tick pazeminata, izsmidzinot Gideni. Regeneracijas fazé koksnes mitruma
saturs tiek atgriezts v€lamaja Iimeni, parasti aptuveni piecu procentu mitruma saturs. Termiski
modificétas koksnes EMS ir zemaka neka dabigajam kokam. Termokoksnes stabilitate ir loti augsta,
ja procesa laika to atjauno. [3]

ThermoWood process
250
200 -
~ 150 1
2
" 100 -
50 4
Phase 1 Phase 2 Phase 3
L e P\
0 12 24 36
t(h)

L.att. Procesa fazes [3]

Aprikojums
Termo kaltes apkures sistéma procesam ir balstita uz termoellas tehnologiju, kas tiek uzturéta
ar gazes apkuri, tas nodroSina loti precizu siltuma kontroli koksnes termiskas apstrades procesa.
(skat.2.att. un 3.att.)

2.att. Gazes katls 3.att. Termo kalte

Materiali un metodes

Publikacija tiek izmantoti divi koksnes veidi - apse un egle. Tiek pagemti Cetri paraugi no
katras koksnes sugas, kas iepriek$ tiek rtpnieciski apstradati 1idz zagmaterialam un samazinata
mitruma pakape (izkalteti) attieciba 10 — 18%.

Apse ir vasarzal§, divmaju koks ar plaSu vainagu. Miza gluda, zalganpeleka, ar daudzam
tumsam lenticelam. Apses koksne ir balta, miksta un maz raucas. Koksni izmanto papira un celulozes
ripnieciba, ar seérkocinu riipnieciba. [4]

Parasta egle ir muizzal$ vienmajas skuju koks ar taisnu stumbru un plasu, seklu saknu sisteému.
Egles koksni izmanto celtnieciba un mébelu riipnieciba. Seviski augstu egles koksni verté celulozes
un papira riipnieciba. [5]
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Koksnes termiska apstrade salidzinosi augstas temperatiiras (180-240 °C robezas) ir efektiva
metode, lai uzlabotu koksnes izmé&ru noturibu un palielinatu biologisko izturibu. [6]

Apses un egles paraugos pie termo apstrades izmantosies temperatiiras 190°C; 200°C; 210°C;
220°C kur var@s secinat ka ietekm@ temperatiiras izmainas uz attiecigas koksnes toni.

Rezultati

Tiek izveidotas programmas algoritmi, kas palidz veikt eksperimentu ar esoSajiem apses un
egles paraugiem pie temperatiiram 190°C; 200°C; 210°C; 220°C ka arT izveidoti term&Sanas cikla

grafiki. (skat. 4.att., 5.att., 6.att., 7.att.)
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Sajos procesos notiek apses kokmaterialu termésana péc pasiitijuma ar vidgjo termo apstrades
cikla laiku 42h. Eksperimenta izmantota materiala izmeri atSkiras, kas rezultata var ietekmét paraugu

termiskas apstrades kvalitati.
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8.att. Termeta apse
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Ka redzams 8.att. apses kokmaterialam péc termiskas apstrades mainas tonis uz silti
brinu. Ir zinams, ka kokmateriala tonis sak mainit nokrasu aptuveni pie 180°C un $ajos paraugos
redzams ka tonis mainas proporcionali temperatirai, bet neliela atSkiriba ir saredzama starp 200°C
un 210°C. Tas nozimé, ka tonim ir lizuma punkts pie kura nokrasa paliek tumsaka.

220°C{(210°C

9.att. Termeta egle

Ka redzams 9.att. egles kokmaterialam péc termiskas apstrades, ta pat ka apsei, mainas
tonis uz silti briinu. Bet skatoties uz to, ka ir dazads koksnes sugas ar tonis atSkiras pie attiecigiem
terméSanas procesiem un $aja procesa eksperimenta nav saskatama tona lizuma puncta.

s

10.att. Dabiska ietekme uz termokoku

Ka redzams 10.att. saskatami trTs paraugi, kuri eksperimentali tiek paklauti izmainam
apkartgjo dabas faktoru ietekmée.

1. Terméts kokmaterials.

2. Terméts kokmatertals kurs viena kalendara gada turéts apkartgjo dabas faktoru ietekmg.

3. Termé&ts kokmaterials kurs viena kalendara gada turéts apkartgjo dabas faktoru ietekme

un mitrinats.

Sie tris paraugi ir terméti viend procesd, viena suga un viena izméra. Sajos paraugos
redzams, ka pirmais paraugs ir ar briinganu nokrasu, bet otram paraugam ir redzama gaisi peleka
nokrasa un tre$is paraugs ir tas pats kokmaterials ka otraja parauga, ar gaisi peleko toni, bet tonis
pie mitruma nomainas uz tumsu bringanu nokrasu.

Secinajumi
1. P&c termiskas modifikacijas koksnei ir 1pasibas, kas veicina izturibu pret sabrukSanu un laika
apstakliem, stabilitate pret izm&ru un mehaniskam ipasibam, izturiba pret mikroorganisma
vairo$anos — séniti, zemaka siltumvaditsp&ja, materials ir ekologisks, temperatiiras iespaida tiek
izvaditi sveki no koksnes (skujukoka), var kontrolét krasu ar procesa temperatiiram un krasas
izmainas visa koksnes skérsgriezuma.
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2. Pateicoties termo koksnes 1pasibam ta pielietojums ir diezgan plass, viss biezak aréjam un ieksejam

3.

SRR

apdarém — pirts apdar€s, terasém, darza mebelém.
Termiski apstradatai koksnei ir savi trilkumi — zema nestspé&jas izturiba, degosa koka specifisks

aromats (ar laiku tas izvédinas) un diezgan augsta cena, kas tie$i ietekmé iekartas un to izmaksu
dardzibu.

. Starp 180°C un 210°C tonis mainas proporcionali temperattrai, tonis atSkiras pie attiecigiem

term&Sanas procesiem, ka arf tas ietekmé kokmateriala suga.

. Dabiska ietekme termokokam vienai sugai un vienam izmé&ram ar briinganu nokrasu, butiski

atSkiras materiala krasojums.
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Abstract. Title article “Evaluation of the possibilities of revitalization of the former DUS Mustangi in the
degraded territory "The aim of the article is to survey the information about the degraded territory of the former DUS
Mustangi, to assess their current condition, to evaluate the possibilities of restoration and to offer a possible alternative
for cleaning up the territory. During the development of the article, the concept of brownfields and the causes of their

formation were considered. An on-site assessment of the condition of the facility was surveyed.

Keywords. Brownfield, revitalization of brownfields, remediation, DUS Mustangi.

Ievads

Ieprieks riipnieciski izmantotas vai pamestas vietas pilsétas apdzivotajas dalas, kuras vairs
netiek liederigi izmantotas var saukt par degredétajam teritorijam. Sadu teritoriju atgrieSanai lietderiga
izmantoSana ir nepiecieSama zinoSu cilvéku iejaukSanas.

Industrialais mantojums, ko atstajuSas iepriek$€jas paaudzes, var bit loti daudzveidigs.
Viens no degred@to teritoriju veidiem ir Padomju laika pamestas kolhozu degvielas uzpildes stacijas
(DUS). ST probléma ir izteikta lauku rajonos. Latvija $adas teritorijas tiek iedalitas pie piesarpotam
un potenciali piesarnotam vietam. [1]

Projekta merkis ir apzinat bijsas DUS “Mustangi” teritorijas piesarnpojumu un rast risinajumus
teritorijas remediacijai ka ar1 potencialais piedavajums teritorijas revitalizacijai. Izp&te. PlanoSana.
Atdzivinasana. IzmantoSana.

Si teritorija iedalama pie piesarnotas teritorijas kategorijas, jo par piesarnotu teritoriju dévée
teritoriju, kura ir bijusi vai joprojam notiek piesarnojosa rakstura darbiba. Bijusi degvielas uzpildes
stacija savu darbibu veica l1dz 1997. Gadam. Valsts vides dienests (' VVD) vai kada cita institiicija
nenosaka laika periodu, kad var€tu mainit teritorijas stausu, ja taja ilglaicigi nenotiek piesarnojosa
darbiba. Tadel, lai teritorija tiktu lietderigi izmantota, “atdzivinata” ir javeic daudz dazadi pétijumi -
izp&te, sanacija, monitorings un izanaliz&jot Sos visus ieglitos datus var secinat par teritorijas atbilstibu
statusa mainai - nepiesarnota, lietderigi izmantojama teritorija.

Materiali un metodes

Laboratoriskas analizes

Gruntsiidens monitoringa sistému izveide un novérojumu veiksana ir nepiecieSama teritorijas,
kuras saimnieciskas darbibas laika var notikt vai ir notikusi grunts un gruntstidens piesarnoSana
ar videi kaitigam vielam. Visbiezak $adas vietas ir rekultivétas atkritumu izgaztuves vai poligoni,
degvielas uzpildes stacijas, naftas bazes, dazadu razotnu teritorijas vai zemnieku saimniecibas.
Gruntsiidens monitoringa darbu ietvaros javeic:
e Gruntstidens paraugu urbumu ierikosanu;
e Gruntstidens paraugo$ana no monitoringa urbumiem, to testéSanai akreditéta laboratorija;
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o Udens temperatiiras, tidenraza jonu koncentracijas negativa logaritma pH un elektrovaditspéjas
merfjumus tdens paraugos ka ari mikrobiologiskas analizes;

o Papildus gruntsiidens paraugu nogemsanai javeic ar1 organoleptiskie novérojumi: smaka, pléve,
krasa, dulkainiba;

e Secinajumi.

Teritorija atrodas uz maksligi paaugstinatas vietas ar smil§mala grunti. Ipa§umam blakus
teritorija, pari celam, aptuveni, 30m attaluma atrodas neliels dikitis. Mikrobologiskas un kimiskas
analizes tika noteiktas arl no dika iidens. Blakus eso$a teritorija ar diki atrodas zemaka vieta un
melioracijas tidens notek blakus dikim.

Javeic paraugu nemsSanas vietu planosSana, janodroSina pareizi pielietota Gidens paraugu
nonemsanas metodika un to laboratoriska izp&te. P&c analizu rezultatiem jaizdara secinajumi par
teritorijas piesarnojuma esoSo stavokli. Pazemes tidenu monitoringa DUS teritorija galvenais
uzdevums ir piesarnojoso vielu emisijas kontrole vide, t.sk. pazemes tidenu apzinasana ar naftas
produktu piesarnojumu un mikrobiologiju Gidenos.

Atkariba no piesarnojoSo vielu veida un atraSanas vietas vide, ka arl piesarnojuma
raksturlielumiem, pieméram, koncentracijas, ka ar1 vielu kimiskajam uz fizikalajam 1pasibam, izp&tes
darbu apjoms ir loti atSkirigs. Lai veiktu vietas izp€ti, nepiecieSamas sagatavot darba programmu,
kura tiek ieklauta strukturéta informacija par izpétes objektu. Darba programmu sagatavo un izpéti
veic uznémums, kas ir sanémis zemes dzilu izmantoSanas licenci geoekologiskas izpétes veiksanai,
kas ir kompetents vides paraugu nemsana. Piesarnojuma izpétes darba programma vispirms tiek
iesniegta Valsts vides dienesta, kas var ltigt papildinat darba programmu, un veic saskagoSanu. [2.]

Katrai analizei ir sava metode péc, kuras to veic jebkura akreditéta laboratorija vai specialisti
ar licensi uz vietas objekta. Mikrobiologisko analizu metodes uz E.Coli, Koliformas, Pseudomonas
aeruginosa — [SO 9308-1 : 2014, kimiskas analizes ka pH — LVS EN ISO 10523 :2012 un EVS péc
LVS EN 27888 : 1993 metodes, temperatiru méra ar verificétu un kalibrétu termometru. Péc
analiZu rezultatiem un objekta apsekoSanas izpetes var secinat par turpmakam darbibam.

Pétijjuma rezultati

Veicot teritorijas apsekoSanu visos gadalaikos, novérojama augu augSanas attisttba un
pilnvertiga eksistence Sajos vides apstaklos. Teritorija esoSie augi, zalajs, krimi, koki nav izsikusi
vai ka citadi vizuali bojati. Augu augSanai galvenais kritérijs ir saglabat optimalus apstak]us, ka ar1
svarigs elements ir augsnes sastavs. Var secinat, ka augsne, iesp€jams, nav piesarpota, lai raditu
nopietnus draudus videi. Teritorijas augsne parsvara ir smil§Smals.

Ta ka apdzivotibas blivums izpétes teritorijas apkartné ir neliels, tuvuma nav lielu dabisku
tdensobjektu un apkartné esoSa zeme netiek izmantota lopu ganiSanai. Blakus teritorijai atrodas
neliels privatais dikitis, kuram tiks veikta tidens analize. Tuvuma neatrodas 1pasi jiitigi objekti (skola,
bernudarzs, mazdarzini, slimnica). IpaSumam ir pazemes komunikacijas ar ciemata ddensvadu un
kopgjo kanalizacijas sistemu, tadel tieSs apdraud&jums cilvéku un dzivnieku veselibai no potenciala
piesarnojuma esamibas objekta ir minimals.

Teritorijas lielaka platiba, kur ar1 atradas degvielas cisternas ir ar cieta asfalta segumu.
Kopgja teritorijas platiba ir 0.0886 ha. Uz asfalta seguma atrodas 200m? liela kiegelu €ka. Pasreizgjas
ekas statuss ir neapdzivota saimniecibas €ka. Gar teritorijas aréjam robezam atrodas apzalumotas
platibas sakot no 2m - 8m platuma. [3.] P&tijumos un veicamajas analiz€s nekas neliecina par to, ka
Sis piesarnojums I1dz 1997. gada veiktajam piesarnojosa veida darbibam butu aktuals ar1 2022. gada.
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1.tabula
Parauga nosaukums - teritorijai blakus esosa dika tidens

Normativais raditajs/ Atzinums
Raditajs TesteSanas rezultats . R J (atbilst;
pielaujama norma .
neatbilst)
E. Coli 3 KVV/100 ml 1000 KVV/100 ml Atbilst
Zarnu enterokoki 116 KVV/ 100 ml 300 KVV/100 ml Atbilst
Zilalgu un citu
fitoplanktona algu | Vizuala parbaudé nekonstaté Nedrikst bt Atbilst
ziedéSana
Organoleptiska un vizuala _
Naftas produkti parbaudé nav raksturigas Nav raksturvlgas s_makas un Atbilst
y N peldosas pléves
smakas un peldosas pléves
V1rsmas aktivas Vlz'uala pafbaude nav Nav ilgnoturigu putu Atbilst
vielas ilgnoturigu putu
Piesarnojums
arp e_lfloswm Vizuala parbaudé nekonstate Nedrikst but Atbilst
un citiem
atkritumiem

1. att€ls. “Mustangu” teritorija, 2. attels. Blakus teritorijas dikis
iebraucamais cel$
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Secinajumi

1. Degradétas teritorijas, $aja gadijuma ar iesp&jamu kimisko piesarnojumu ar naftas produktu
atliekam, revitalizacijas process ir dargs, laikietilpigs un tam vajadzigas zinaSanas.

2. Sanacija un monitorings ar gala sleédzienu no VVD ir obligati nepiecieSami pasakumi, lai So teritoriju
oficiali iznemtu no registra par piesarnota un potenciali piesarpota vieta ( PPPV) un mainitu tas
stausu.

3. Tik mazai teritorijai un vel, kuras ipasnieks ir privatpersona finans€juma piesaiste Sadam projektam
ir gandriz neiesp&jama. Par $adam teritorijam un projektiem ir loti mazs atbalsts no valsts un
pasvaldibas. Ieteikums, ja pasititajs pats uztaisa projekta planu, tad iesp&jams lidzfinansgjums no
valts vai paSvaldibas.

4. Latvija pedgjo divdesmit gadu laika loti ir mainijusies uztvere un attieksme pret apkartejo vidi un
tas saudzeSanu un ilgtsp€jigu attistibu. Toméer, vel tals cel§ ejams, lai sasniegtu citu valstu “ zalas
domasanas” [imeni sabiedriba kopuma!

Summary
In general, the implementation of this project would increase the market value of the property,
the municipality and its residents would get a tidy place with tourist visits. Children with special needs
at the nearby school would have the opportunity to go horse riding every week. The approximate cost
of the project is about 30 thousand euros.

Literatiiras un avotu saraksts
1. https://data.gov.lv/dati/lv/dataset/piesarnotas-un-potenciali-piesarnotas-vietas/resource/5947f1ba-7427-4ba7-9983-
df543b1b6d3f
2. https://www.meteo.lv/fs/CKFinderJava/userfiles/files/Brosura_Potenciali%20piesarnotu%?20vietu%?20apzinasana%?20
un%?20izpete 04 2019.pdf
3. https://www.kadastrs.lv/
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REZEKNES TEHNOLOGIJU AKADEMIJA

BIOETANOLS KA ALTERNATIVA DEGVIELA
BIOETHANOL AS AN ALTERNATIVE FUEL

Autors: Aivars Ruskulis Vides aizsardzibas magistrs, LLU agentiira Malnavas koledza,
aivars.ruskulis@malnavaskoledza.lv, Ludzas novads, Malnavas pagasts, Malnava.

Abstract. The production of biofuels is like the development of a new, promising economic sector in Latvia.

The production and introduction of biofuels is a factor promoting the development of Latvia s rural areas, which
allows the acquisition of abandoned agricultural land, improves soil fertility, creates additional income and new jobs for
farmers, promotes investment in rural development and the establishment of new production companies.

Biofuels are one way of reducing environmental pollution from road transport. To rebuild the car to run on
bioethanol fuel ES85, it is necessary to reprogram the engine control unit. Specifically, overwriting the information on the
EPROM chip.

In five years (2016—2020), the consumption of biofuels in transport has increased 4.4 times more due to changes
in legislation - an increase in the minimum blend of biofuels.

Atslégas. vardi: bioethanol, fuel, car, engines, exhaust.

Ievads.

IekSdedzes motoru biodegvielas ir degvielas, ko iegiist no biologiski atjaunojamam izejvielam,
pamata no zalajiem augiem un augu produktiem (graudiem, rapSa s€klamu.t.t.), ka arino organiskajiem
atkritumiem. Biodegvielu izmantoSana praktiski nozime to, ka biodegvielu veida motoru darbinasanai
tiek izmantota saules energija, jo atjaunojama augu biomasa veidojas fotosintézes procesa uzkrajot
saules energiju.

Latvijas Republikas Saeima 2005. gada 21. aprili pienéma «Biodegvielu likumuy, kura
atbilstosi Eiropas Parlamenta un Padomes Direktivai 2003/30/EK.

Lai gan Sobrid Latvija biodegviela netiek plaSi izmantota, pasaulé arvien vairak tiek domats
par dabai draudzigiem energijas avotiem. Lidzigi ka citas Eiropas Savienibas valstis, arT Latvijai lidz
2020. gadam transporta nozaré bija jasasniedz atjaunigas energijas 10% dala.

Darba meérkis: Izpétit bioetanola ka alternativo degvielu automobiliem.

Darba uzdevums: Apkopot un izanalizet teor&tiskas atzinas par bioetanolu ka degvielu.

Videi draudzigas biodegvielas izmantoSana Latvija un Eiropas savieniba

Latvijas Republikas Saeima pienéma “Biodegvielu likumu”, kura mérkis ir veicinat
biodegvielu apriti. L1dz ar §1 likuma pienemsanu, tika paverts cel$ un sakas biodegvielu razosanas, ka
jaunas, perspektivas tautsaimniecibas nozares attistiba Latvija.

Biodegvielu razoSana un ievieSana aprit€ ir Latvijas lauku teritoriju attistibu veicinoss faktors,
kas lauj apgiit aizlaistas lauksaimnieciba izmantojamas zemes, uzlabo augsnes auglibu, rada papildus
ienakumus un jaunas darba vietas zemniekiem, veicina investicijas lauku apvidu attistiba un jaunu
razoSanas uznémumu izveide.

Biodegvielu izmantoSana pozitivi ietekmé ar1 visu tautsaimniecibu kopuma, jo samazina
valsts atkaribu no importétas fosilas degvielas, kuras krajumi pasaul€ izsikst un cenas strauji aug.
Biodegvielu izmantosana samazina ari vides piesarnojumu, jo darba ar biodegvielam motoru atgazu
toksiskuma Itmenis ir ievérojami zemaks.

ES atbalsta biodegviela izmantoSanu, lai samazinatu siltumnicefektu izraiso$o gazu emisijas,
veicinatu transportlidzeklu degvielu dekarbonizaciju, raditu daudzveidigus degvielas avotus un
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veidotu ilgtermina aizstaj&jus fosilajai naftai. Paredzams, ka biodegvielas razoSana radis iesp&ju
dazadot ienakumu avotus un nodarbinatibu lauku rajonos.

Biodegvielas ir ka viens no risinajumiem, lai samazinatu vides piesarnojuma daudzumu no
autotransporta.

2020. gada kopgjais atjaunigo energoresursu (AER) patérin$ Latvija bija 74,2 petadzouli (PJ),
liecina Centralas statistikas parvaldes (CSP) dati. Salidzinajuma ar ieprieks€jo gadu AER patérins
2020. gada bija par 1,3 % jeb par vienu PJ mazaks, ko var saistit ar kop&jo energoresursu patérina
samazinajumu.

Kurinamas koksnes Ipatsvars kop&ja AER patérina 2020. gada bija 78,8 % (2019. gada —
82,2 %). Savukart elektroenergijas patérina ipatsvars bija 13,5 %. Biogazes ipatsvars kopgja patérina
2020. gada bija nemainigs (4,6 %). Biodegvielas un citu energoresursu patérina Ipatsvars bija attiecigi
2,8 % un 0,3 %.

788 135 46 | 0.3
807 118 47 ! 0.5

73.9 | 203 48 | I 0.4

I
2016 794 140 56 [ l 0.3
: 813 111 57 1 | 0.3
756 | 21.2 1.0 ! 0.2

1.att. Energoresursu patérina tpatsvars

Salidzinot ar 2019. gadu, biodegvielas patérins transporta bija par 29,1 % (par 0,4 PJ) lielaks
un 2020. gada bija 1,9 PJ, ko ietekmgja izmainas likumdo$ana — minimala biodegvielas piejaukuma
palielinaSana dizeldegvielai no 5 % lidz 7 % un 95. markas benzinam no 5 % lidz 10 %. Savukart
piecu gadu laika (2016.—2020. gads) biodegvielas patérins transporta palielinajies 4,4 reizes (par 1,5
PJ) vairak.!

Bioetanola raksturojums un pielietojums

Bioetanola fizikali kimisko ipasibu raksturojums

Péc biodegvielu likuma dotas definicijas, bioetanols ir etanols, ko iegiist no biomasas vai
biologiski noardamas atkritumu frakcijas, lai izmantotu degvielas razoSana.

Bioetanols atSkiras no parasta etanola (graudu spirta) ar to, ka tas netiek pilniba attirits no
papildvielam - esteriem, metilspirta, aldehidiem un augstakiem spirtiem (sivellam jeb fuzeliem),
bet tiek dehidréts ta, lai Gidens saturs bioetanola butu tikai 0,2 - 0,4%, lidz ar to p&c spirta satura
bioetanols ir tuvs absoliitam (100%) spirtam. Parastaja etanola, ko var iegiit ar vienkarSu destiléSanu,
spirta saturs ir 96% un tas satur 4% tdens. Lai Sos 4% tidens atdalitu, nepiecieSama spirta dehidracija,
izmantojot IpaSas metodes un iekartas.’

Biitisks ierobezojums bioetanola izmantoSanai otto motoros ir nepiecieSamiba to dehidrét
(mitrumam jabit 0,2 - 0,4% robezas) maisijuma degvielu ES, E10 u.c. ieguvei.

!https://lvportals.lv/dienaskartiba/332062-aer-paterins-2020-gada-samazinajas-par-13-2021
2 Birzietis G. Alkoholdegvielu izmanto$ana spékratu motoros
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1.tabula?
Bioetanola un benzinu fizikalo Ipasibu raksturojums

Radrttaji Bioetanols E100 | Bioetanols E85 Benzins
Viskozitate, mm?/s 1,19 1,07-1,08 0,37-0,44
Blivums 15°C, g/em? 0,79 0,78 0,72-0,78
VariSanas temperatura, °C 78 49-80 35-195
Zemaka siltumsp€ja, MJ/kg 26,8 28,7 44,0
IztvaikoS$anas siltums, KJ/kg 930 836 286-306
Piesatinatu tvaiku spiediens, kPa 16 38-83 65-92
Oktanskaitlis (Petnieciskais) 106-111 107-109 80-98
" Seiometska attiecn 00 09 15

Ilgstosi cela izméginajumi, kas veikti ASV u.c. valstis, pierada, ka metanola - benzina
maisijuma izmantosana, nekadi neietekmé motora cilindru, varstu, varstu ligzdu u.c. detalu nodilumu,
bet samazina oglekla noseédumu veidosanos. Noverota labaka automobila ieskrieSanas sp&ja un jaudas
pieaugums.

Bioetanola un benzina raksturojuma salidzinajums (skat. 1. tab.) rada, ka bioetanola siltumspgja
(26,8 MJ/kg) ir par 39% zemaka neka benzinam (44,0 MJ/kg), bet pateicoties tam, ka bioetanols
uzlabo sadegSanas procesu un palielina motora termisko lietderibas koeficientu, degvielas paterins,
attiecinats uz jaudas vienibu vai nobraukta cela garuma vienibu, praktiski nepalielinas vai dazkart pat
nedaudz samazinas (2-3%).

Tirs bioetanols (E100) ir dzidrs Skidrums ar raksturigu, bet ne stipru smarzu. Ta viskozitate
ir gandriz trisreiz lielaka neka benzinam (skat. 1. tab.). Bioetanols varas pie 78°C temperatiiras, kas
ieklaujas benzina varisanas temperatiiru diapazona, kur§ benzinam ir loti plass. ST ipasiba, kopa
ar zemo piesatinatu tvaiku spiedienu (16 kPa), pasliktina degvielas iztvaiko$anu un uzliesmosanu
motord pazeminata gaisa temperatira. [zmantojot E100 parasta ar benzinu darbinama ottomotora,
motoru nevarés palaist jau pie gaisa temperatiras 7°C, jo degviela cilindros neuzliesmo. Tas ir
iemesls, kapec parastos dzirksteles aizdedzes motoros bioetanolu var pielietot tikai valstis ar karstu
klimatu (Brazilijas piemérs). ST iemesla dé] Ziemelamerika un Eiropa izmanto maisfjuma degvielu
E85, nevis E100. Degvielai E85 ir 15% benzina piemaisijums bioetanolam, kas nodroSina stabilu
motora iedarbinaSanu pazeminatas temperatiiras.

Pretgji benzinam un dizeldegvielai, kuri Gident neskist, bioetanols labi un pilnigi $kist fident.
Tas rada zinamas problémas degvielas uzglabasanas un sadales sistemam, jo parastas sist€mas, ko
izmanto benzina un dizeldegvielas iepildei, nav pilniba pasargatas no tidens iekluves.

Iztvaikosanas siltums bioetanolam ir vairak ka trisreiz lielaks ka benzinam (attiecigi 930 un
286 - 306 KJ/kg). Tas nozimég, ka iepludes procesa E100, patergjot siltumu iztvaikoSanai, trisreiz
vairak atdzes€ iepliistoSo degmaisijumu neka benzins. Tas, savukart, uzlabo cilindru pildijumu ar
degmaistjumu p&c masas un lidz ar to palielina motora jaudu. Sis faktors, lidz ar skabekla klatbitni
biodegviela un E100 augsto oktanskaitli, izskaidro faktu, ka dzirksteles aizdedzes motora jauda
stradajot ar E100 vai E85 var biit pat nedaudz lielaka neka ar benzinu, kaut arT benzina siltumspgja ir
lielaka.*

3 Smigins R., Gulbis V. Biodizeldegvielas pielicto§ana autobusos.
4 Birzietis G. Alkoholdegvielu izmanto$ana spékratu motoros
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Pieredze E85 izmantoSana

Mainamas degvielas automobilus (FFV), kuri darbojas ar 85% bioetanola un 15% benzina
maistjumu E85 pirmoreiz pasaulé s€rijveida saka razot firma ,,General Motors”, izlaizot modeli
Chervolet Lumina E85 FFV, 1992 - 1993 tika sarazoti 386 $1 modela automobili. Ar daudz plasaku
verienu FFV E85 automobilu razoSanu 1996. gada uzsaka firma ,,Ford”, kura jau taja gada sarazoja
3000 FFV automobilus Ford Taurus. Ford Taurus FFV, salidzinot ar parasto benzina motora Ford
Taurus automobili , tika konstatéts, ka E85 izmantoSana benzina vieta palielina motora jaudu par
5% pateicoties iepliistosa degmaisijuma dzes€Sanai, jo bioetanols augstaka iztvaikoSanas sisttmu
del, atpem vairak siltuma degmaisijumam un ta temperatiira pazeminas. L1dz ar to cilindru pildijjums
péc degmaisijuma masas pieaug, kas paaugstina motora indic€to lietderibas koeficientu, respektivi,
jaudu.’

Turklat E85 oktanskaitlis ir 107 (benzinam 95 - 100), tas palielinas, kas ar1 sekm& motora jaudas
picaugumu. Tadejadi degmaisijums ar E85 motora cilindros efektivak sadeg, kas, no elektroniskas
degvielas aparatiiras kontroles un vadibas sist€mas, palielina motora jaudu vai samazina degvielas
patérinu, vai arT vienlaikus veic abas §1s operacijas, optimizgjot motora darbibu gan péc attistitas
jaudas gan degvielas patérina.

Pateicoties tam, ka bioetanola zemaka siltumspg&ja (26,8 MJ/kg) ir mazaka neka benzina
siltumspgja (44,0 MJ/kg) mainamas degvielas automobilim uzstada lielaka tilpuma degvielas tvertni,
lai ar vienu tvertnes pildijumu automobila nobraukums biitu tads pats, ka lietojot benzinu. Degvielas
tvertne izgatavota no neriisgjoSa térauda un taja iemontéts elektronisks degvielas padev€jas siiknis,
kas pa Iniju 10 cauri degvielas sastava sensoram - maisitdjam 11 pievada degvielu inzektoriem 2.
Sensors 2 ar intensitati 50 milisekundes fiksé degvielas sastavu un signaliz€ par to borta kompjuteram
5, kas automatiski regulé gaisa un degvielas stehiometrisko attiecibu atbilstosi bioetanola - benzina
maisijuma proporcionalajam sastavam, nodroSinot optimalu motora darbibu.

Tehnisko apkopju prasibas E85 automobiliem ir loti [idzigas prasibam parastajiem benzina
automobiliem un to izpildes darbietilpiba praktiski neatSkiras. E85 automobilu motoros izmantojama
kartera ella ir nedaudz dargaka par parasto, bet, razoSanas apjomiem talak pieaugot, cenu starpiba
izlidzinas. E85 izmantoSanas pieredze ASV jau vairak ka desmit gadu garuma rada, ka motora
kalpoSanas ilgums, stradajot ar E85 ir tads pats ka ar parasto benzinu.

Automobila dzinéju pielagoSana darbam ar bioetanolu ka alternativo degvielu

EPROG (EPROM Programmators) ir radits, lai lasttu vai programmétu tris popularakos
EPROM: 2716, 2732, un 2764. Tas sastav no iekartas, sazinasanas programmas un elektriskas shémas
un, tas darbojas pieslédzot to portam LPT1.

Pirmais ports nodroSina datu sttiSanu ar Cetru bitu siitiSanas atrumu viena laika vieniba.
Cetri biti no otra porta tiek lietoti kontrolsignala siitiSanai. IC9 tiek izmantots ka buferis un signala
parveidotajs. Pieci dazadi sleédzi SW1 lidz SW5 tiek lietoti lai izveéletos programmesanas prasibas
prieks tris dazadam iericém. Ir nepiecieSams ari stravas sprieguma nodrosinajums +5V un +22V.

Kas ir EPROM?

EPROM pieder pie dz&€Samas, programmgjamas ‘“Read Only” atminu grupas. Tie$i tapat ka
ROM (Read Only Memorv) Cipi. Atari (vecmodigas sp€lu konsoles) kartridzos, EPROM nezaudé
datus, kad tam tiek atslégts, atvienots spriegums. EPROM atskiriba no ROM C¢ipiem var tikt ne tikai
programmeéti, bet gan art dz&sti un atkal no jauna parprogramméti.

EPROM programmesana dazkart anglu valoda tiek dévéta: “EPROM burning”. Un ierice ar
ko tas tiek darits tiek saukta par “EPROM burner”.

Talakaja apraksta tiks aprakstits ka parnest datus no datora uz Cipu un otradi, no Cipa uz
datoru.

EPROM programmesana ir loti izdeviga no ta aspekta, ka ir iespgjams programmét EPROM,
lai veidotu individualas vai pilnveidot jau esoSa operetaj sist€émas.

5 Gasoline-Engine Management. 3-rd edition. Robert Bosch GmbH, Bentlev Publisher
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2.att. EPROM ¢ips

EPROM Ccipi var tikt dz€sti un izmantoti atkartoti. Lai tas notiktu, ir nepiecieSams novietot
¢ipu speciali tam paredzeta iekarta, kur tas tiek atstats uz 20 min., kur tam virsi, caur taja iebiivétu
nelielu lodzinu, kurs§ ir pagatavots no Svarovski kristala, tiek raidits ultravioletais starojums.

Ka arT ir iesp&jama dz€Sana ar citam metodém:

. EPROM var turét saulé, tas aiznem lidz pat tris nedélam.

. To ir iesp&jams izdarit arT solarija, tikai tas var aiznemt laiku lidz pat vienam gadam.

Bet lai dz€Sanas laiks nebiitu tik ilgs ir nepiecieSams loti spécigs ultraviolets starojums, kas ir
iegiistams no kvarca lampam un tamlidzigiem ultravioleta starojuma avotiem.

Megs izmantojam metinaSanas aparata radito starojumu, kas satur arT ultravioletos starus stipra
koncentracija, tada veida EPROM ir iesp&jams dz€st aptuveni 40 sekundes.

EPROM saudzigas iznemSanas un ekspluatacijas

Janem vera, ka visas darbibas, kas saistitas ar dzingja vadibas bloka iznemsSanu, ielikSanu
un EPROM atminas Cipa iznemSanu, vai ielikSanu, ka ar1 ekspluataciju ir javeic ar paaugstinatu
uzmanibu, jo visas §1s sastavdalas ir loti jlitigas pret mehaniskam iedarbibam un mitrumu.

Lai pareizi demont&tu automasinas elektronisko vadibas bloku, vispirms nepieciesams atvienot
akumulatora bateriju péc tam nogaidot aptuveni 10 miniites, lai stravas spriegums visas automasinas
elektroniskajas komponentges, ka arT automasinas elektroniskaja vadibas bloka veiktu pasizladi un tas
biitu drosi demont&t nezaudgjot, vai ar1 nesabojajot tajas saglabato, uzkrato informaciju.

Saudziga EPROM ¢ipa iznemSana no vadibas bloka

Lai saudzigi iznpemtu EPROM C¢ipu no elektroniska vadibas bloka ieteicams izmantot tam
paredzetas spailes dazadu ¢ipu demontaZzai, bet neskatoties uz pielietoto paligierici tas tik un ta ir
javeic uzmanigi ar lielu piesardzibu, lai nenolauztu vai stipri nedeformétu EPROM kontaktkajas.

LN
3.att. EPROM ¢ipa iznemsSana no vadibas bloka

Lai ievietotu EPROM ¢ipu arT ir jaievéro paaugstinata uzmaniba, lai netiktu bojats EPROM
¢ips nedz arT automasinas elektroniskais vadibas bloks.

EPROM pieslégsana datoram ir javeic sekojosi. Sakuma nepiecieSams pievienot pie datora
LPTI1 porta un tikai tad drikst pievienot baroSanas USB kabeli, jo $ads veids pasarga programmatoru
un datoru.
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Nekada gadijuma nedrikst pievienot EPROM programmatoru, kad taja ir ievietots EPROM
Cips, jo ja taja bus ievietots EPROM tad tas var tikt bojats un ta datu nolasiSana biis nepilniga vai tas
vispar nebiis iesp&jams, tas pats ir attiecinams ar1 uz gadijumu kad EPROM programmatora ir ievietos
tukss EPROM ¢ips, pievienojot programmatoru datoram taja var tikt ierakstita kltidaina nevajadziga
informacija.

Tapat nevajadzetu ievietot EPROM Cipu programmatora kameér nav ieslégta programmatora
lietotaj programma un nodzisu$as programmatora aktivitates gaismas diodes. Ja viss ir izdarits
iepriek§ minétaja kartiba, tad visbeidzot var drosi ievietot Cipu programmatora un sakt darbu kas
saistits ar Cipu ierakstiSanu un nolasiSanu.

EPROM programmeéSana

Programmeésana notiek sekojosi, EPROM tiek ievietots programmatora, tad tas tiek pieslégts
datoram un tiek atvérta operétaj programma, $aja gadijuma: “Software V 0.98D5 Support Hardware
Willem EPROM Program”, kura ir paredzeta sérijveida programmatoriem, ka Willem EPROM.

Talak programmatiira tiek iestatits ¢ips, veids Saja gadijuma: 27¢256. Talak ir nepiecieSams
nolasit ¢ipu, to ir ieteicams darit arT ar tukSiem EPROM, jo ir konstatéti dazi gadijumi, kad it ka tuksais
EPROM izradas ar ierakstitu informaciju un to ir nepiecieSams dzest ar koncentrétu ultravioleto
starojumu.

EPROM programmesana

Programmeésana notiek sekojosi, EPROM tiek ievietots programmatora, tad tas tiek pieslégts
datoram un tiek atvérta operétaj programma, $aja gadijuma: “Software V 0.98D5 Support Hardware
Willem EPROM Program”, kura ir paredzeta sérijveida programmatoriem, ka Willem EPROM.

Talak programmatiira tiek iestatits ¢ips, veids Saja gadijuma: 27¢256. Talak ir nepiecieSams
nolasit ¢ipu, to ir ieteicams darit arT ar tukSiem EPROM, jo ir konstatéti dazi gadijumi, kad it ka tuksais
EPROM izradas ar ierakstitu informaciju un to ir nepiecieSams dzest ar koncentrétu ultravioleto
starojumu.

EPROM MODELA IZVELE

4. att. EPROM modela izvele

EPROM ¢ipa modelis ir Intel kompanijas patents un ir viens no popularakajiem Motronic
vadibas blokos.

EPROM NOLASISANA EPROM nolasiSana: A_c_‘_c_igjbRead

[Rgrm (Pt [owrp | Corkon [ e

5.att. EPROM nolasiSana

Talak nolasito informaciju ir nepiecieSams saglabat un tas notiek sekojosi: File->Save As, talak
noradiet faila nosaukumu, vietu kur to vélaties saglabat un faila formatu nomainiet uz sekojosu ,,bin”
Tagad jusu nolasita EPROM informacija var tikt paklauta laboSanai, uzlaboSanai, miisu gadijuma var
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tikt veikta automasinas vadibas bloka programmas uzlaboSana vai laboSana. Programma, kura tika
nolasita, var tikt labota izmantojot sekojoSas programmas:

J Hex Editor ( programma heksodecimalo funkciju laboSanai);
J TunerPro (programma vieglakai vadibas bloka programmas laboSanai);
o Analvze (paligprogramma dazadu karSu atraSanai).

Datu parneSana uz buferatminu

Lai saktu ierakstit EPROM pirmkart vélama ierakstama informacija ir jasaglaba programmas
buferatmina no kuras ta pécak tiks parrakstita EPROM c¢ipa.

Datu parneSana bufert: File—®» Load (izveletais fails).

& Dwie Acen rep
% e
senie. otz B b
et omx 2BEEDELLBEBRER] aa
o 30 70 5105 09 45 £5 095400 24143 G -0 0 B2 A,
G247 C2 93 F5 C6DR AP 53CL I T4 TA25C6 ... e

M_[743233C39538 50030281 7078 0179 2L T
000083 |06 12 06 86 C2 D5 74 23 93 B FF 03 03 8D C2 L
40000C0 61 9474 26 93 B4 FF 03 02 81 67 F5 FO 30 76 04

000110 |56 44 14E5 33 51 K5 3L 107 05 A2 03 BT 92
4000130 _|F5 3150 43D5 30 145 31 B4 01 31 142993

Devicn (faie ] towo | Conpe | Toet HAw | CFG FICT o

6.att. Datu parneSana bufer1

Ka redzams 6. attela nepiecieSama informacija ir ierakstita buferatmina. Un var sakt jaunu
EPROM programméSanu, lai to izdaritu ir jarikojas sekojosi. Ir nepiecieSams ievietot programmatora
jauno vai dz€sto EPROM cCipu, bet pirms sakt programméSanu biitu vélams parbaudit vai tas ir tukss
vai ar1 sekmigi i1zdz€sts un to ir iesp&jams izdarit pielietojot programmas sniegto iesp&ju ,,Blank
Check”, tas dot iesp&ju atri parliecinaties vai EPROM ir tukS$s. Lai to varétu paveikt ir jarikojas
sekojos$i: Action->Blank Check. Ja EPROM ¢ipa jau ir informacija, tad programmas informacijas
josla bus redzams uzraksts ,,Device is NOT Empty ($000000)” .

EPROM programmeésana

Kad tuksais Cips ir ievietots programmatiira un fails, kuru ir nepiecieSams ierakstit EPROM
¢ipa ir ievadits programmas buferatmina var sak programmeésanu.

EPROM programmgsana: Action—Program/Test RAM

=={ Willern Fprom PCBA5-1{0. 96D9)- bininjsh.0IN
=3

== 5
-
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7.att. EPROM programmeésana

Kad ierakstitais Cips ir gatavs, lai to varétu ievietot automasinas elektroniskaja vadibas bloka,
péc automasSinas iedarbinaSanas vajag laut dzingjam darboties apméram 15 minttes tukSgaita, lai
sist€éma adaptetos.

Meksadecimalsistéema.

Darbs ar Motronic sist€émas kart€ém nav iesp&jams neizprotot heksadecimalo skaitlu sist€ému.
Motronic digitala iesmidzinaSanas sist€éma izmanto 8-bitu procesoru (8-bitu kopne). Katrs 8-bitu
vards satur izpildes instrukciju vai skaitliskus datus. Heksadecimalais kods sastav no 8-bitu datiem.
Heksadecimalas skaitiSanas sistémas baze ir 16, atskiriba no decimalsistémas bazes 10.
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Heksadecimala skaitiSanas sistéma izmanto simbolus 0-9 un A-F. Tas uzdevums ir attélot

binaro kodu lietotajam vieglak saprotama, redig€jama formata. Viena heksadecimala vieniba sastav no
cetram binaram vienibam (bitiem). Burti A-F aizstaj skaitlus 10-15, izmantojot 1 simbolu. Lielakais
skaitlis, kas var tikt att€lots 8-bitu sist€éma ir 256 (FF heksadecimalaja sisteéma).

N =

N bW

e BN

Secinajumi
Bitisks ierobeZojums bioetanola izmantoSanai otto motoros ir nepiecieSamiba to dehidrét
(mitrumam jabut 0,2 - 0,4 % robezas) maisijuma degvielu
Biodegvielu izmantoSana pozitivi ietekmé ar1 visu tautsaimniecibu kopuma, jo samazina valsts
atkaribu no importetas fosilas degvielas, kuras krajumi pasaul€ izsikst un cenas strauji aug.
Biodizeldegvielas straujais razoSanas un tirgoSanas pieaugums daudzas Eiropas valstis un citur
pasaulg liecina, ka tas izmantoSana transportlidzeklos ir attaisnojusies un iet plaSuma.
Biodegvielu razoSana un ievieSana aprité ir loti butisks Latvijas lauku attistibu veicinoSs
faktors, lauj apgiit aizlaistas lauksaimnieciba izmantojamas zemes, uzlabo augsnes auglibu,
rada papildus ienakumus un jaunas darba vietas zemniekiem, veicina investicijas lauku apvidu
attistiba un jaunu razoSanas uznpémumu izveide.
Izmantojot programméSanu ir iesp&jams parbiivét automobilus darbam ar videi draudzigaku
bioetanola degvielu.
Izmantojot bioetanolu, ka degvielu, nav nepiecieSams izgudrot automasinu no jauna.
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Abstract. The world s natural capital is shrinking faster and faster. Loss of biodiversity and ecosystem services is
caused by changes in habitats, mainly due to land use change, the spread of invasive species, environmental pollution and
climate change. Current unsustainable consumption and production patterns also contribute to the depletion of natural
resources and threaten the services provided by ecosystems. At the moment, relatively little is said about ecosystem
services, attempts have been made to gather the experience of different countries, but in reality only a few municipalities
pay much attention to this issue.
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Ievads

Ar ekosisttmu pakalpojumiem saprot visus labumus, ko cilvéce giist no ekosistémam.
Izmantojot ekosistému pakalpojumu pieeju, iesp&jams uzskatami atspogulot ekosistémas sniegtos
labumus un vienlaikus modelgt teritorijas attistibas scenarijus, salidzinot gan potencialos ieguvumus,
gan sagaidamos riskus, un pienemt pamatotus [émumus.

Tatad, jedziens “ekosisteému pakalpojumi” lielakoties tiek skaidrots ka labumi, ko cilveks giist
no ekosistémam [1]. Attistot So definiciju plasak, var secinat, ka cilvéce un tas labklajiba ir atkariga
no efektivi funkciongjosam ekosisttmam un to sniegtajiem pakalpojumiem. P&d€ja desmitgade
ekosistetmu pakalpojumu jédziens ir paplaSinats, ar to saprotot ekosistemu strukttiru un funkciju
ieguldijumus cilvéku labklajiba, kas veidojas kombinacija ar cilveku darbibas ieguldijumu ekosistema
[2].Tapéc ir loti svarigi izprast, kas ir ekosistemu pakalpojumi, ka tos var novertét un izmantot.

Materiali un metodes

Ekosistémas pakalpojumu klasificéSana ir priek$noteikums méginajumiem tos meérit, kartét
vai novertét, ka ar1 lai runatu par iegiitajiem rezultatiem caurskatama veida [3]. Pastav vairakas
atSkirigas tipologijas un ekosistému pakalpojumu klasificé$anas pieejas, izmantojot dazadus kritérijus,
pieméram, to telpisko raksturu un meérogu; vadoties pec pakalpojumu pliismas vai ar1 péc pakalpojuma
sanémgéja (privats vai publiski); ieguvuma veidu (ar izmantoSanu saistiti vai nesaistiti ieguvumi) vai
ari, vai pakalpojuma izmantoSana, ko veicis viens individs vai grupa, ietekme citu (“konkurgjoso” vai
“nekonkurgjoso”). Ekosistemu pakalpojumu klasificéSanas pieeja var biit arT mérkéta uz sabiedribas
izglitosanu un apzinas celianu par dazadiem ieguvumiem, ko cilvéki giist no ekosistémam. Sada
pieeja bija pamata ar1 TukstoSgades novertejuma klasifikacijas sisteémai, kura piedava cetras galvenas
ekosistemu pakalpojumu kategorijas:

e Apgades jeb nodroSinagjuma pakalpojumi: no ekosisttmam iegiitie labumi, kas sniedz
cilvékiem tieSu ieguvumu un parasti tiek vertéti nauda — partika, buvmateriali un energija,
dzeramais tdens utt;

e Vidi regulgjosie pakalpojumi: ekosisteémas funkcijas, kura nav tirgus vértibas, bet kuras ir
svarigas cilvéces eksistencei un labklajibai — klimata regulacija, gaisa un augsnes kvalitate
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nodroSinasana, pliidu riska mazinasana, piesarnojuma mazinasana utt.

e Kulttiras pakalpojumi: nematerialie labumi, ko sniedz EP, kas ietekmé cilvéku psihologisko un
materialo stavokli — aktiva un pasiva atpiita, vides izglitiba, personibas izaugsme, estétiskais
baudijums utt.

e Atbalsta pakalpojumi — ekosist€ému procesi un funkcijas, kas ir pamata pargjo pakalpojumu
nodrosinasanai [3], [4].

Lai parvarétu problémas, kas rodas dé] dazadam klasifikacijas sisttmam un to definéto
ekosistemu pakalpojumu kategoriju neatbilstibas, ir izveidota kopgja starptautiska ekosisteému
pakalpojumu klasifikacija — CICES [5]. CICES ir hierarhiski veidota klasifikacijas sisteéma, kas
ekosisteémas pakalpojumus iedala tris galvenajas kategorijas — apgades pakalpojumi, vidi regul&josie
pakalpojumi un kultiiras pakalpojumi, kuru defingjums pamata sakrit ar MA (“Millennium Ecosystem
Assessment”) un TEEB (“The Economics of Ecosystems and Biodiversity”) klasifikaciju. Sis
kategorijas talak tiek iedalitas apaksSkategorijas - nodalas, grupas un klasés (sk.attéls 1.1) [6].

Kategorija ‘ Apgades pakalpojumi|
|
J
Nodala [Biomasa| ‘ Udens H ‘
I
J | l |
Grupa ‘Kultivétieaugi ‘Sawa!asaugi Majlopi ‘
[T
| | |
Kultdraugi KultGraugi Kultdraugi
Klase materialiem partikai energijai

|
Pakalpojuma veids |j |j

1.1.attels. CICES VS5.1. hierarhiska uzbiive, attélojot apgades pakalpojumu kategorijas
iedalijjumu

Citu, sarezgitaku Kklasifikacijas pieeju izmanto IPBES (Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services — IPBES), piedavajot visaptveroSu ar dabas un
dzives kvalitati saistitu veértibu tipologiju, uz ka balstiti IPBES darbibas ietvaros istenotie p&tijumi
[7]. ST tipologija piedava vertibas, kas izriet no dazadam pasaules uztverém, un tiek organizétas tris
galvenajas kategorijas [8]:

e dabas patiesa vértiba — atseviski organismi, biofizikalas kopas un procesi un biologiska
daudzveidiba;

e dabas sniegtie labumi cilvékiem, kas ietver:

- biosféras spéju atvieglot cilvéku ptles (energija; primara produkcija; kopgjais
materialu patérins; dzives ciklu uzturésana u.c.);

- dabas spg&ju sniegt labumu cilvékiem (narsta vietas, augsnes mikroorganismu
ieguldijums razu nodro$inajumam ilgtermina, biologiska daudzveidiba ka potencials
resurss nakotnei u.c.);

- dabas davanas un pakalpojumi (t.sk. regul€joSie pakalpojumi: klimata regulacija,
tidens plusmu uzturéSana, apputeksnéSana, u.c.; apgades pakalpojumi: partika,
medicina, koksne, tidens, bioenergija u.c.; kulttras pakalpojumi: ekottrisms, izglitiba,
psihologiskie ieguvumi u.c.);

e laba dzives kvalitate — droSibas un dzivesvietas nodroSinajums, ilgtsp€jiba un pielagoSanas
iespejas; dzive harmonija ar Mati Dabu; veseliba un labklajiba; izglitiba un zinaSanas;
identitate un autonomija; labas socialas attiecibas; makslas un kultiiras mantojums; garigums;
parvaldiba un tiesiskums [7].
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Nemot véra jautajuma sarezgitibu, viena visaptverosa klasifikacijas sisteéma, kas biitu piemérota
visiem novértéSanas mérkiem, visticamak nav iesp&jama. AtbilstoSas klasifikacijas pieejas izvéle ir
atkariga no pétjjuma mérka un lémuma piepemsSanas konteksta. Tomer joprojam ka izaicinajums
jamin dazadu pétijumu rezultatu salidzinamiba un pieejas caurspidigums [7].

Visas ekosistémas biotiskas un abiotiskas komponentes var biit izmantotas cilvéka labklajibai.

Ekosisteému pakalpojumi veido dalu no dabas kapitala (lidzas biotiskajiem un abiotiskajiem
resursiem), un tie mijiedarbiba ar cilvéku radito un socialo kapitalu nodroSina sabiedribas labklajibu.
Leémumu par daba balstitu risinajumu, zalas-zilas infrastruktiiras un dabas resursu ilgtsp&jigu
izmantoSanu pamata ir izpratne par dabisko ekosistému daudzfunkcionalo raksturu [9].

Pieaugot sabiedribas izpratnei par ekosistému pakalpojumu nodro$inajuma atkaribu no bi-
ologiskas daudzveidibas un, gilistot arvien plasaku praktisku pieredzi, pieaug tautsaimniecibas nozaru
skaits, kuras tiek un var tikt izmantota EPP.

EPP meérkis ir attistit teritoriju maksimali sapratiga un dabas vidi nedegrad€josa veida.
Ieguvumus no $adas pieejas giist sabiedriba — gan apkartnes iedzivotaji, gan tiiristi, uzp€mgeji un citi.
Teritorijas ekosistému pakalpojumi saglabajas un cilvékiem no tiem ir lielaks ilgtermina labums [10].

Saja nodala darba autore izskaidroja ekosistému pakalpojumu raksturojumu un klasifikaciju, ka
arinonaca pie secinajuma, ka pasaulé katra valsts mekl@ tikai sev ertako un raksturigako klasificesanu.
Skatoties $adi, tas varbiit nav sliktakais variants, galvenokart, lai visam pétijumos iesaistitam mérka
grupam biitu saprotams §is princips.

Rezultati un izvertéjums

Ekosistemu pakalpojumu noveértéSanu var saukt par iesp&ju noteikSanu ne tikai, konstatgjot
mums pieejamos resursus, to apjomu un kvalitati, bet arT to pietiekamibu vai iztrikumu — pamats, uz
kura var planot turpmako attistibu — paSpietickamibu vai ar plasaka meroga apgadi, ja kapacitate ir
augstaka par lokali nepiecieSamo [10]. Ekosisteému pakalpojumu novertéjums palidz noteikt slieksni
jeb limitu, kuru neparsniedzot daba netiek zaudéts [idzsvars un resursi sp&j pasi atjaunoties. No otras
puses novertéjuma rezultati liela méra atvieglo ari prioritaSu noteikSanu situacijas, kad jalidzsvaro
vélmes ar iespgjam — attistiba japlano nevis iluzoras vizijas motivos, bet pamatojot teritorijas un
vietas biitiba, 1paSibas un iespgjas [11].

Eiropas Savieniba strauji attistoties vides aizsardzibas un apsaimniekoSanas, ka arT teritorijas
planoSanas politikai, pieaug nepiecieSamiba péc ekosistému pakalpojumu novertésanas.

EP novértéSanai izmantot daudzviet pasaulé plasi pielietoto Bukharda matricas metodi [12],
kas ir arl viena no vairak aprobétajam EP novértéSanas metodém Latvija. Minéta pieeja paredz
izvertet katra EP vertibu visiem zemes seguma veidiem jeb katrai biotopu grupai Matrica horizontali
tiek atspogulotas visas biotopu grupas un vertikali — visi EP raksturojoSie raditaji, kas tiek vertéti. EP
noveértéSanas matricas shéma atspogulota 1.2. attéla [13].

Matricas modelis ainavu ekosistemu isté
Karte ar ekosistému

Karte ar zemes segumu e==—— 3 ke - T
pakalpojumu nodrosinajumam pakalpojumu nodro3inajumu

EP1 | EP2 | EP3 | EP4 | EPS EP1

0 0 it 0 0
Z52 1 4 il
253 1 1 it

54 1 1 0 3 il

Nodroginijuma vértgjums [——mF——

Empiriska mode|a rezultati
Biofizikalie raditaji j|.=:_
Ekspertu vértéjums

1.2.attels. Ekosistemu pakalpojumu novértéSanas matricas shematisks attélojums

Loti augsts
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Veicot EPnovertéjumu, tiek veérteta katra biotopa sniegto EP vértiba, izmantojot visus vertéSanas
raditajus. Katra raditaja parskatamai un saprotamai piemérosanai tiek izstradata raditaja vertéSanas
lapa. Raditaja lapu izstrada konkrétas jomas eksperts. VertéSanas lapa tiek aprakstita raditaja nozime
un veids, ka ar1 verteti biotopu sniegtie EP. Atbilstosi biotopa sniegtajam EP apjomam, vértejums tiek
veikts skala no 0 [idz 5 (0 — EP netiek nodroSinats, 5 — loti augsts EP novertgjums) [12].

Vislabak, visu biotopu EP vértgjumu veikt vairakiem laika periodiem — 1) esoSai situacijai,
2) istermina attistibas scenarijam (12 gadu) un 3) ilgtermina attistibas scenarijam (30 gadu) —, tadgjadi
laujot izvertet biotopu apsaimniekoSanas ietekmi gan Tstermina, gan ilgtermina.

Mingtie attistibas scenariju laika periodi ir tadé], jo dala planoto apsaimniekoSanas un
atjaunoSanas pasakumu varetu radit saméra drizu pozitivu ietekmi uz biotopu kvalitati, turpreti citu
pasakumu veikSanas rezultatu ietekme biis novérojama tikai peéc ilgaka laika [12].

Ekosistemu pakalpojumu izvertésana sniedz vairakas prieksrocibas: [14]

1) uzlabo izpratni par problémam un saistitajiem kompromisiem;

2) iegiitos vertgjumus var izmantot Iémumu pienemsana;

3) ilustre kapitala sadalijumu un tad€jadi sadala apsaimniekoSanas izmaksas;

4) veicina inovativu institucionalo un tirgus instrumentu izveidi [14].

Ta, ka darba tiks vairak rakstits par mezu, ka ekosistému, ta paklpojumiem, tad uzmaniba tiek
akcentéta uz meza ekologisko vertibu, ekonomisko raksturojumu.

Meza ekologiska veértiba [15].

Mezu ekologiska vertiba ir cie$i saistita ar meza ekologiskajam funkcijam. Pastav vairaki
meza ekologisko funkciju iedalijumi, un viens no tiem ir:

- klimata, gaisa kvalitates un tidens sist€mas reguléSanas funkcijas, idens un augsnes kvalitates
saglabasanas un aizsardzibas funkcijas;

- aizsardzibas funkcijas pret dabisko risku un troksni;

- Dbiologiskas daudzveidibas saglabasanas funkcija.

Mezu ekologiska vertibu veido vértibas un pakalpojumi, ko més iegiistam no mezu pastavésanas,
ka, pieméram, tira, dabiska vide, Gidenstilpju, pazemes tidenu, dzerama tidens aizsardziba, biologiskas
daudzveidibas aizsardziba, oglekla saistiSana.

Armezu ekologisko vértibu liela méra saprotam mezu ekosistému un biologisko daudzveidibu,
kas izriet no meZu ekosistemu ilgtsp€jigas apsaimniekoSanas mérkiem un uzdevumiem.

Meza ekologiskas jeb vides funkcijas: [15]

- Aizsardzibas (t.sk. pret sniega nobrukumiem, pliidiem, augsnes eroziju); zinatnieki paredz, ka
temperatiira uz Zemes $aja gadsimta var paaugstinaties pat par 4 gradiem. Savukart $1 klimata
izmaina var novest pie milzigam un, iesp&jams, neatgriezeniskam izmainam uz Zemes, ari
pludiem, tacu ta jau bils cilvéku izraisita katastrofa (izpliides gazes, atmosf€ras piesarnojums).

- Udens kvalitate un kvantitate; tdens ir visas cilvéces pieejamais dabas resurss, kuram ir liela
nozime dzivibas saglabaSanai uz planétas. Udens ir nepiecieSams, lai nodro§inatu normalu
Zemes ekosistému funkciongsanu.

- Globalas klimata izmainas (t.sk. oglskabas gazes adsorbcija); ta ka oglskabas gazes
koncentracija atmosfeéra pieaug, tas raditais siltumnicas efekts nosaka temperatiiras
paaugstinasanos uz Zemes.

- TrokSpa absorb&Sana, mikroklimats; mezs lieliski darbojas ka trokSpu slapétajs (gar
dzelzceliem un lielajam magistralém).

- Biologiska daudzveidiba; biologiska daudzveidiba nozimé dzivo organismu formu dazadibu
visas vides, tai skaita sauszemes, juras un citas tdens eckosistémas, un ekologiskajos
kompleksos. Biologiska daudzveidiba ir ekosistému stavok]a un nenoplicino$as izmantos$anas
kriterijs [15].

Sakotngji ir bitiski saprast divas atSkirigas lietas. Pirmkart, mezaudzes var sniegt tieSus
ekonomiskus ieguvumus. Otrkart, mezaudzes var sniegt ieguvumus netiesi jeb dot ekologiskus un
socialas sferas pakalpojumus, ko iesp&jams novertét ekonomiskos raditajos (attéls nr. 1.3) [16].
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1.3.attels. Ekosistemu pakalpojumu un to produktu shéma

Vairakas no veértibam ir Joti biitiskas dazadam intereSu grupam, tomer vienlaicigi tas ir griti
vai pat neiesp&jami novertet, kaut vai nosakot to apjomu, pieméram, estetisko skatu nozimi monetari
[15].

Kopeja meZaudiu

Keantropocent:
riskasvérfibas

Vielu aprite
un filtraci

1.4.attels. MeZaudZu sniegto pakalpojumu klasifikacija

Mezaudzu sniegto pakalpojumu [ 15] veértibu klasifikacija balstita uz ekonomisko pakalpojumu
taksonomiju, kuru sakotngji piedavaja Asafu-Adjaye et al [17].
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Secinajumi
Pasaul@ ir izstradatas ekosistému pakalpojumu noveértésanas sist€émas. Loti plasi tiek izmantos

dazadas vertibas un metodes. Pareizi izvertgjot ekosisteémas, iegiitos rezultatus var izmantot lémumu
pienems$ana, saprast radusas problémas.

Mezaudzes sniedz dazadus ekosisteému pakalpojumus. To noverteésanai un izteikSanai monetari

pasaulé izmanto dazadas vértibas un metodes. Tomér joprojam pastav sarezgijumi korekti aprékinat
kopgjo vertibu un vairakas to veidojosas komponentes. Tas nenoliedzami sarezgl uzdevumu pareizi
un precizi novértét ekosistému pakalpojumus, un joprojam pastav metodologisks izaicinajums to

pilnveidot.
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Abstract. The aim of this work is to develop a neural network that will be able to recognize human presence. To
achieve this goal, authors applied neural network architecture YOLOvS and the open dataset COCO. The experiment
was repeated three times. The study yielded a good result - the neural network was able to detect humans in images with
a good precision.

Keywords: artificial neural network, COCO dataset, human recognition, YOLOVS.

Ievads

Viedas monitoringa sistémas ir piedzivojusas strauju izaugsmi pedgja laika. Arvien lielaka
nozime kliist pétijumiem par cilvéku klatbutnes noteikSanu. Cilvéka atpaziSana un mekl€Sana ir
bitiska, lai savlaicigi identificétu personu, atpazitu vinas darbibas un izpilditu ainas analizi. Sim
uzdevumam varbiit pielietoti konvoliicijas neironu tikli (convolutional neural network, talak CNN).
CNN ir plasi izmantoti, lai atpazitu objektus un realiz&tu saistitus risinajumus. [1]

Maklsligie neironu tikli tika veidoti, imit&jot biologisko neironu tiklu darbibu. Maksligais
neironu tikls ir sist€ma, kas sp&j apstradat sarezgitus ievades datus, pielietojot masSinmaciSanas
algoritmus. MaSinmaciSanas algoritmi «iemaca» neironu tiklus atkartot uzdevumus, pielietojot
apmacibas piemérus, kas atSkiriba no simboliska maksliga intelekta (symbolic AI) nepieprasa
programmét sarezgitu un specifisku logiku balstito uz eksperta pieredzes. Savukart, CNN ir specials
maksligo neironu tikla tips, kas ir paredzets analizet att€lus. [2]

YOLO ir objektu mekl€sanas risinajums, kas sadala att€lus rezga sistéma. Katra rezga $tina
ir atbildiga par objektu noteikSanu sevi. YOLO ir viens no popularakajiem objektu mekl€Sanas
algoritmiem, pateicoties ta atrumam un precizitatei. YOLOvS ir risinajuma jaunaka versija, kas
darbojas izmantojot PyTorch tehnologiju. [3]

Petijuma meérkis ir parbaudit hipotézi: “Vai, apmacot YOLOvS neirontiklu ar 2700 attelu
lielu datu kopu, tas spes atpazit cilvéka klatbiitni?”. Lai iegiitu objektivaku statistiku un uzlabotu
pétijuma rezultatus, eksperments tika atkartots 3 reizes.

Uzdevumi: 1) sagatavot apmacibas datukopu; 2) apmacit YOLOvS neironu tiklus 3 reizes;
3) parbaudit neironu tiklu darbu.

Materiali un metodes

Lai sasniegtu mérki un parbauditu hipotézi, neirontikla apmacibai tika izmantotas dazadas
tehnologijas.

Datu kopas sagatavoSana: pétijuma realiz€Sanai tika izvél€ta un sagatavota COCO datu
kopa, kura, savukart, satur 2700 att€lus. [4] Ar FiftyOne rika palidzibu no datu kopas tika atlasiti
tikai tie atteli, kuri satur cilvekus (skat. piemérus 1. un 2. attelos). [5] Datu kopa ir sadalita tris
apakskopas: trengsanas (70%), parbaudes (20%) un testéSanas (10%) kopas. Sie dati tiks pielietoti
YOLOVS5 neironu tikla apmacibai, kas analizés un apstradas So informaciju.
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Formatu konvertésana: lai lictotu YOLOvS5 modeli, bija nepieciesams parveidot COCO JSON
formatu uz YOLOvS PyTorch TXT formatu. Sis uzdevums tika panakts ar Roboflow rika palidzibu.
[6] Dati tika augSupieladéti Roboflow vidg, kas, savukart, atlauj generét jaunu datu kopu, pielietojot
augmentacijas risinajumus, un eksportet to YOLOvS PyTorch TXT formata.

Neironu tikla apmaciba: iegiito datu kopu bija nepiecieSams importét Google Colaboratory
(Colab), kur, lai trenétu YOLOv5 modeli; tika izmantots PyTorch - masinapmacibas tehnologija, kas
darbojas Python vidé (skat. 3. attélu). Saja posma tika uzsakta YOLOvS apmaciba ar konkréto datu
kopu un, respektivi, iegiiti neirontikla apmacibas rezultati.

lgit clone https://github.com/ultralytics/yolovs
%cd yolovs

%pip install -gr requirements.txt

import torch

from yolovS import utils

display = utils.notebook_init()

torch.hub.download_url_to_file('...', "tmp.zip')
lunzip -q tmp.zip -d ../datasets && rm tmp.zip

Ipython train.py —img 648 —batch -1 —epochs 188 —/content/datasets/data.yaml —weights yolov5s.pt —cache
3. attels. Google Colab skripts ar YOLOvS inicializaciju un apmacibu
Attélu analize: apmacibu rezultati tika automatiski registréti TensorBoard. Ar TensorBoard

palidzibu tika nodroSinata rezultatu vizualizacija un kvalitates kontrole, kas bija nepiecieSami
masinapmacibas ekspermentam (skat. 4., 5. un 6. attelu).
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6. attéls. Precizitates Iikne péc treSa ekspermenta

4.-6. attelos ir redzams, ka apmacits neirontikls viennozimigi atpazist objektus ar uzticibu
(confidence) 96%un 97%. Savukart, grafiks atteélo eksponencialo kritumu, kas ir saistits ar nelidzsvarotu
datu kopu (disbalanced dataset). Tapéc, lai vienkarSotu kvalitates parbaudi, tika nolemts vizuali
parskatit neirontikla darbu.
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Rezultati un to izvertejums
Analiz€jot ekspermentos iegiitos rezultatos, var novérot, ka visos ekspermenta méginajumos
YOLOwS5 algoritms ar labu precizitati ir spgjis atpazit cilvéku esamibu attélos (skat. 7., 8. un 9. attélu).
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9. attéels. YOLOVS trenéSanas rezultati pec treSa ekspermenta

Var novérot, ka starp tris ekpermenta méginajumiem butisko atSkiribu nav. Lai uzlabotu
neirontiklu noveértéSanas kvalitati, biitu verts pielietot kvantitativo metodi, apskatot tikai klasi ar
cilvekiem.
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Secinajumi

e Hipotéze apstiprinajas, jo apmacot YOLOv5 neirontiklu ar 2700 att€lu lielu datu kopu, tas spgj
atpazit cilvéka klatbiitni.

e Rezultatu uzlabosanai YOLOvS neirontiklam ir nepiecieSama lielaka datu kopa, ka arT lielaka
skaitlosanas veiktsp€ja, uz kuras notika ekspermenti.

e Objektivaku rezultatu iegtiSanai ekperments varétu biit papildinats ar citiem statistikas datiem,
piem&ram mainot augmentacijas procesu RoboFlow vidg, vai ar1 izmantojot YOLOvS analogu.

e Starp trs ekspermentu rezultatiem nav noveérojamas butiskas atskiribas.

Acknowlegment

This research is funded by the Latvian Council of Science, project “Development of autonomous
unmanned aerial vehicles based decision-making system for smart fruit growing”, project No. Izp-

2021/1-0134.

Summary

The authors selected and prepared a COCO dataset, which includes 2700 images of humans.
The YOLOVS object detection algorithm was used for machine learning, as well as Roboflow and
Google Colaboratory. To provide better statistics, the experiment was repeated a total of three times.
The study yielded a good result - the neural network was able to detect humans in images with ~96%

accuracy.

The content of the work emphasizes the possibility for the neural network to identify a
person using the YOLOvVS model, summarizes the results, analyzes them, and creates the following

conclusions:

The hypothesis was confirmed because by training the YOLOVS neural network with
a data set of 2,700 images, it can detect the human presence.

To improve performance, the YOLOVS5 neural network requires a larger data set as
well as the computing performance on which the experiments were performed.

For more objective results, the experiment could be supplemented with other statistics,
such as changing the augmentation process in RoboFlow, or using a YOLOvVS analog.
There are no significant differences between the results of the three experiments.
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Anotacija: Skrotésanas iekartas atrodas katra liela metalapstrades uznemuma, tas nepieciesamas, lai efektivi
varétu attirit térauda detalas, un péc attirisanas kvalitativi veikt krasosanas darbus. SkrotéSanas iekarta ievérojami
uzlabo detalu apstradi un to kvalitati.

Tomeér reti kurs aizdomdjas par to, ka optimizét noskroteto detalu kvalitates uzraudzibu, ipasi ziemd kad klist
vesaks un ir nepieciesams uzraudzit skrotéSanas telpas temperatiiru, mitrumu un rasaspunktu.

Tapéc st izpéte ir vérsta uz to, lai noskaidrotu cik liela skrotesanas ietekme ir uz materialu, kadi ir skrotésanas
veidi un tehnologijas, un kadu ietekmi uz noskroteto materialu atstaj temperatiiras svarstibas skrotesanas iekartas telpa.

Tiks aprakstits kadus uzlabojumus varétu veikt skrotésanas iekartai, kade] sie uzlabojumi ir nepieciesami un ar
kadam komponentém uzlabojumi tiktu panakti.

Atslégas vardi: metalapstrade, krasosana, skrotésana.

Ievads

Jebkura liela un maza metalapstrades uznémuma atradisies térauda attiriSanas iekartas. Sis
iekartas nepiecieSamas, lai sagatavotu térauda konstrukciju tas krasoSanai. Viena no §tm iekartam
ir skrosu striikklas iekarta. Iekarta parasti ir stacionara un tiek izmantota gan mazu konstrukciju
apstradei, gan lielu. Iekartai darbojas ar lielu saspiesta gaisa spiedienu un abrazivam t€rauda vai
stikla dalinam, kuras triecas pret t€rauda virsmu, virsma tiek attirita no elJam un netirumiem. Lielako
dalu §1s iekartas ekspluatacija laika, tiek izmantotas t€rauda skrotis. Skrotis térauda virsmu padara
abrazivu un pateicoties $ai ipa§ibai, krasas dalinas ar $o virsmu sakeras labak. ST metode paildzina
krasotas virsmas noturibu un ilgmuZzibu. Lai kontrol€tu S§1 procesa kvalitati uznémuma krasosanas
kvalitates kontrolieris, veic vairakas darbibas péc skrotéSanas, lai parliecinatos, ka t€rauda virsma ir
sagatavota kvalitativi un var tikt nodota talak kraso3anai. ST procesa kvalitates kontrole ir Joti svariga,
lai nodroSinatu detalai ilgmiiZzibu un aizsardzibu pret koroziju.

1. att. GTYV blast iekarta. [10]
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Teérauda skrotéSanas tehnologija

Metala virsmu apstrades tehnologija, kuras pamata ir sferiska tipa siko dalinu iedarbiba uz
metalu tiek dévéta par metala skrosu apstradi. ST metode darbam ar metalizstradajumiem ir auksts
apstrades veids. Abraziviem lidzekliem, kas skrosu operaciju veikSanas procesa tiek padoti uz metala
virsmas ar augstu spiedienu, piemit energokinétiskas Tpasibas. Pateicoties Sai kvalitatei, skrotésana
dod iesp&ju pilniba nonemt netirumus no virsmas un operativi panakt nepiecieSamo materiala
kvalitati. Metala skroSu apstrades izmantoSana sniedz iesp&ju veikt efektivu aplikuma nonemsanu no
materiala virsmas, veikt globalu riisas aplikuma tiriSanu, panakt nepiecieSamo apstradajamas virsmas
raupjumu (turpmako krasosanas darbu veikSanai), nepiecieSamibas gadijuma virsmu padarit mat&tu.
Tapat ari skro$u darbpliismas dod iesp&ju pilniba nopemt no metala virsmas korozijas peréklus. ST
metala virsmu apstradasanas veida dél izstradajums iegiist papildu noturibu, kas ir paligbarjera un
drosa barjera no konstrukcijas elementu bojasanas ar koroziju, no erozijas reakciju progresésanas, no
plaisu paradiSanas monolitajos savienojumos. Tadg] konstrukciju kalposanas laika pagarinasanai un
metalizstradajumu tehnisko Tpasibu uzlabosanai, skrosu apstrade ir vislietderigakais risinajums.

Procesa ipasibas.

Apstrade ar skroSu striklu ir mehaniska metode metala virsmu apstradei, izmantojot metala
dalinas. Specials aprikojums paatrinas $avienu lidz milzigiem atrumiem (100 m/s) un pados to caur
skrosu sprauslu uz darba virsmu. Tadgjadi no metala tiek nonemts liekais slanis. Ta dzilums ir atkarigs
no abrazivo dalinu lieluma un iekartas jaudas. Skrosu striikla tiek izmantots abrazivs materials
(skrotis). Ir vairaki abrazivo dalinu veidi, kas ir piem&roti dazada veida metaliem un sakausg€jumiem.
Stradajot ar augstas cietibas materialiem, ir jaizv€las abrazivs, kas p&c izturibas nav zemaks par
apstradajamo virsmu.

Teérauda skroSu veidi
Metala apstrades rezZimu var regulét, izmantojot skrosu veidus. SkroSu dalinas miisdienas
izgatavo no dazadiem materialiem, kas ietekm@ abrazivas Ipasibas. SkroSu popularakie veidi:

1. Saskelts dzelzs skrotis. Izgatavots no Cuguna, kas ir granuléts. Piemérots risas, oglekla
nogul$nu un katlakmens nopemsanai. Ar1 ¢uguna skrotis var izmantot, lai izveidotu mat&tu
apdari un raditu nelielu raupjumu.

2. Skrotis uz lieta t€rauda bazes. Tas razo vairakas Skirn@s atkariba no oglekla satura térauda
(sadi var kontrolet skrosu cietibu). Lietais teérauds ir piemé&rots masivu metala konstrukciju
apstradei uz ¢uguna un t€rauda bazes (velm&jumi, sijas u.c metala konstrukcijas).

3. Skrotis uz sasmalcinatu te€raudu bazes. Tas razo vairakas skirnes (granulas atSkiras viena no
otras péc izméra, formas, stipruma utt.). Lielisks risinajums liela gabarita metala konstrukcijam.
Materiala galvena prieksrociba ir ta augsta izturiba (tade] skrotis var izmantot daudz reizu, kas
samazina darba galigas izmaksas).

4. Skrotisuz aluminija vai aluminija sakausgéjumu bazes. Nav piemerots cietajiem sakausgjumiem
uz dzelzs bazes, bet piemérots aluminija un dazadu miksto sakaus€jumu apstradei. Aluminija
skrotis nedeformé virsmu, kvalitativi attira to no katlakmens, riisas, sodr&jiem.

5. Stikla skrotis izgatavo augstas stipribas lodisu veida, kas neplist un nedeformgjas, §is 1pasibas
padara So materialu loti ekonomisku. Piem&rotas vidgji cietu metalu sakaus&jumu tirisanai, lai
gan stikla lodites var izmantot ar1 dzelzs sakausgjumu tiriSanai. Materiala galvena priekSrociba
ir piesarnojuma neesamiba.

Kvalitates kontrole
Uzn@mumi kuri darbojas ar skroSu striiklu iekartam kvalitates kontroli veic ar vienkar§am un
parbauditam metodem:
Udens atgriidoas Ipasibas parbauda ar fidens palidzibu, §1 parbaude palidz saprast ,cik uz
virsmas ir sakrajies abrazivais materials un cik efektivi virsma ir attirita no taukiem un ellas.
Limlentes tests palidz saprast, cik labi virsma ir attirita no putekliem, pie virsmas tiek
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pieliméta balta Iimlente un tad norauta, apskatot Iimlentes apaks€jo dalu un salidzinot to ar standarta
dotajiem paraugiem tiek noteikta detalas virsmas kvalitate.

Parbaude ar udeni tiek piemérota, lai redz€tu cik labi ir noskrotéta detalas virsma, ja
uzpilinot vienu pili Gidens uz noskrot&tas virsmas, ta vieta nekavéjoties sartis€ tad detala ir noskroteta
kvalitativi.

Virsmas raupjuma kontrole tiek veikta ar sertificéta Sablona parbaudi, uz §1 Sablona atrodas
4 virsmas veidi, kas atbilst dazadiem virsmas raupjumiem, vizuali salidzinot Sablona virsmu ar
noskrotétas detalas virsmu ir iesp&jams noteikt virsmas raupjumu detalai.

AttiriSanas pakapes noteikSana, Sis parbaudes veids tiek istenots ar ISO 8501-1:2007
gramatas palidzibu, $aja gramata atrodas Sabloni ar kuru palidzibu tiek vizuali novertéta noskrotetas
detalas virsma.

Temperatiiras un mitruma kvalitates kontrole telpa, nepiecieSama, lai uz noskrotétas
detalas neveidotos rasas punkts, dél kura detala var tik paklauta oksidacijas procesam, kuru ar
neapbrunotu aci cilvéks nevar pamantt.

2.att. Skroteta konstrukcija. [autora veidots attels].

Rezultati un izvertéjums

Nemot véra skrotéSanas tehnologijas pasibas, ir skaidrs, ka skroté$anas laika ir loti svarigi
izvel@ties pareizo abrazivo materialu. Izv€loties abrazivos skrotéSanas materialus, tiek ietekméts
skrotétas virsmas raupjums, un skrotéSanas atrums. Jo smalkakas skrotis, jo virsma biis gludaka un
virsmas raupjums biis mazaks, toties skrot€Sanas atrums biis zemaks. Jo lielakas skrotis, jo virsmas
raupjums bus lielaks, un skrotéSanas atrums bus augstaks. Ka art tads pats efekts tiek panakts, ja
salidzina apalas skrotis un Skeltas skrotis. Ar apalajam skrotim samazinas gan skrot€$anas atrums,
gan virsma raupjums. Savukart Skeltas skrotis palielina virsmas raupjumu un skrotéSanas atrumu.
Liela ietekme ir arT skroSu frakcijai, jo lielaka frakcija, jo liekaks skrosu kalpoSanas laiks un lielaks
virsmas raupjums, no minusiem, tiek pateréts vairak krasas pirmajos slanos, kas izskaidrojam ar
lielo virsmas raupjumu. Jo skrosu frakcija ir mazaka, jo mazaks ir to kalpoSanas laiks, tapec ka tas
regeneracijas procesa atrak tiek parverstas puteklos.

Kvalitates kontrole Sim procesam ir salidzinosi vienkarss, lielako dalu gadijumos, pietiek ar
vizualo kontroli un virsmas salidzinaSanu ar Sablonu. Svarigi, lai parvedot detalu no skrotétavas uz
krasotavu, nav lielas temperattras izmainas, kas var radit mikro riisu, un péc krasoSanas §is riisas dél,
detala laika dala sak rusét.

IevieSot skrotéSanas iekartai skarienjutigo displeju, kur§ noradis temperattiru un mitrumu, tiks
atvieglota un uzlabota kvalitates kontrole, jo Sie divi mérjjumi tiek uzraudziti 24 stundas, 7 dienas
nedéla, Sos mérfjumus var patstavigi redzet datora, saglabat un salidzinat ar citu dienu mérjjumiem.
Displejam arT ir iesp&ja uzraudzit pasu skrotéSanas iekartas mehanismu, [idz ar to ja notiek skrotéSanas
iekarta kads bojajums, operatoram uzreiz tiek paradits, kur So bojajumu var meklet, §1 funkcija atvieglo
iekartas remontu un tas uzturéSanu.
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3.att. centralais vadibas bloks. [autora veidots attéls].

Literatiira
https://co-vally.ru/obrabotka/drobestrujnaya.html
https://www.shotpeener.com/library/pdf/1941007.pdf
https://www.jstage.jst.go.jp/article/matertrans/58/12/58 P-M2017838/ pdf/-char/en
https://martensit.ru/prochie/drobestrujnaya-obrabotka/
https://co-vally.ru/obrabotka/drobestrujnaya.html
https://mash-xxl.info/info/461567/

ISO 8501-1:2007 Preperation of steel substances
1SO12944-1:2017 Paints and varnishes
. https://pantatec.ru/prozesskontrolle

10. https://www.youtube.com/watch?v=h950PXerlsY

©oNOU AWM PR

67


https://co-vally.ru/obrabotka/drobestrujnaya.html
https://www.shotpeener.com/library/pdf/1941007.pdf
https://www.jstage.jst.go.jp/article/matertrans/58/12/58_P-M2017838/_pdf/-char/en
https://martensit.ru/prochie/drobestrujnaya-obrabotka/
https://co-vally.ru/obrabotka/drobestrujnaya.html
https://mash-xxl.info/info/461567/
https://pantatec.ru/prozesskontrolle

26. starptautiska studentu zinatniski praktiska konference
. Cilvéks.Vide. Tehnologijas

RTA\

REZEKNES TEHNOLOGIJU AKADEMIJA

DEGRADETAS TERITORIJAS AUCIEMA FERMAS REVITILIZACIJAS
IESPEJU IZVERTEJUMS
EVALUATION OF THE POSSIBILITIES OF REVITALIZATION OF THE AUCIEMA
FARM IN THE DEGRADED AREA

Autore: Sintija Upmane, e-pasts sintijaorasevska@inbox.lv
Zinatniska darba vaditajs: Ivars Matisovs Mg.geogr., Mg.sc.env., [vars.Matisovs@rta.lv
Rézeknes Tehnologiju akadémija
Atbrivosanas aleja 115, Rézekne, Latvija

Abstract. Title article “Evaluation of the possibilities of revitalization of the Auciems farm in the degraded
territory”

The aim of the article is to survey the information about the degraded territory of the former Auciems village
farm, to assess their current condition, to evaluate the possibilities of restoration and to offer a possible alternative
for cleaning up the territory. During the development of the article, the concept of brownfields and the causes of their
formation were considered.

An on-site assessment of the condition of the facility was surveyed.

Keywords. Brownfield, revitalization of brownfields, Auciems village.

Ievads

Degradgtas teritorijas ir ieprieks izmantotas (parasti riipnieciskas) vai pamestas vietas pilsétu
apdzivotajas dalas, kuru atgrieSanai lietderiga izmantoSana ir nepiecieSama iejauksanas. Degrad&tas
teritorijas parasti rodas valstl notikuSu industrialu vai strukturalu parmainu rezultata. Izmainas
dinamika un pareja no socialistiskas uz tirgus ekonomiku daudzas Centralas un Austrumeiropas valstis
radija 1pasi lielu degrad@to teritoriju nastu, ko pavada viet€jo tirgu nespéja atgriezt Sos Ipasumus
produktivai izmanto$anai.

Degradgto teritoriju atjaunosana ir ilgtermina probléma. Pastav vairakas degrad@to teritoriju
definicijas, kuru galvena atSkiriba slépjas amerikanu un eiropiesu dazada pieeja degrad€tajam
teritorijam. Eiropas izpratn€ degradetas teritorijas ir pamestas, nelietderigi vai nepietieckami
izmantotas vai brivas zemes, kuras var negativi ietekmgt, bet var ar1 neietekmét vidi, kuru izmantosana
ieprieksgjos noliikos ir partraukta vai mazinajusies un tirgus bez lielakas vai mazakas iejaukSanas no
arpuses nav spgjis to atgriezt lietosana.

Degrad@tas teritorijas Baltijas valstis ir relativi jauna probléma, kuras terminologija vél nav
pilniba izveidojusies, atzita, izmantota politiskajos dokumentos, likumdos$ana un izglitibas joma.[1]

Degrad@to teritoriju revitalizacijas visparigais mérkis ir ilgtsp&jigas attistibas veicinasana,
maksimali likvid&jot degradétas teritorijas un tadéjadi sekméjot vides regeneracijas procesus. Taja
tiek ieklauta gan vides problému risinaSana, gan teritoriju izmanto$anas ekonomiskas efektivitates
paaugstinasana.[2]

Materiali un metodes

Fermas demontazas izmaksas
1. Monolito pamatu/gridas nojaukSana — nojaucamais daudzums 75m?’., cilvéku resursi 46,23
eur.,traktortehnika 19,46 uer.,aptuvenas izmaksas kopa 4 926,75 eur.
2. Koka siju nojaukSana starp mira sienam ( ar rokas instrumentiem), siju garums lidz 6,5m-
nojaucamais daudzums 15m.,cilvéku resursi 21,11eur.,traktortehnika 9,59 eur.,aptuvenas

izmaksas kopa 460,50 eur.
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. Parseguma starpgrieztu délu klaja izjaukSana — nojaucamais daudzums 350m?., cilvéku resursi

2,01 eur., traktortehnika 0,85 eur., aptuvenas izmaksas kopa 1001,00 eur.
Jumta latojuma nojaukSana -nojaucamais daudzums 350m? ., cilvéka resursi 1,01 eur.,
traktortehnika 0,43 eur., aptuvenas izmaksas 504,00 eur.
Jumta délu klaja nojaukSana — nojaucamais daudzums 350m?., cilvéka resursi 1,51 eur.,
traktortehnika 0,67 eur., aptuvenas izmaksas 763,00 eur.
Sparu nojaukSana — nojaucamais daudzums 60m., cilvéka resursi 1,31 eur., traktortehnika 0,57
eur ., izmaksas kopa 112,80 eur.
Sifera jumta seguma nojauk$ana — nojaucamais daudzums 350m2, cilvéka resursi 1,24 eur.,
traktortehnika 0,86 eur., izmaksas kopa 735,00 eur.
Kiegelu sienu nojauk$ana — nojaucamais daudzums 500m?’., cilvéku resursi 19,10 eur.,
traktortehnika 8,19 eur., izmaksas kopa 13 645,00 eur.
Kiegelu starpsienu nojaukSana — nojaucamais daudzums 5m?., cilvéku resursi 22,11 eur.,
traktortehnika 9,76 eur., izmaksas kopa 159,35 eur.
Logu bloku iznemsana ar palodzém — nojaucamais daudzums 12m?., cilvéku resursi 17,09 eur.,
traktortehnika 7,61 eur., izmaksas kopa 296,40 eur.
Durvju bloku iznems§ana — nojaucamais daudzums 8m?., cilvéku resursi 8,94., traktortehnika 3,98
eur., izmaksas kopa 103,36
Buvgruzu izveSana- izveSanas daudzums 135m’cilvéka resursi 33,06 eur/m?., izmaksas kopa
4463,10 eur.
Azbesti saturosi buvniecibas atkritumi ( jumta Siferis ) — izveSanas daudzums 1,75t., cilvéku
resursi 150,00 eur/t., izmaksas kopa 262,50.
Azbesta atkritumu iepakoSana 1., cilvéka resursi 36,00 eur ., izmaksas kopa 36,00 eur.

Kopgjas fermas izmaksas ir 33 237.20 eur ar PVN ( informacija par izmaksam tika nemta no

zaao.lv.,abc demontaza.lv).

Pétijjuma rezultati
Veicot objekta apsekosanu, ka alternativa Auciema ciemata iedzivotajiem tiek piedavata esoso

fermas sabrukuso dalu nojaukt, atjaunot ainavu un esosajas konstrukcijas piedavat iedzivotajiem
slegta tipa garazas.

Auciema ciemata dzivo aptuveni 300 iedzivotaju. Dala iedzivotaju dzivo privatmajas, dala

daudzdzivok]u majas. So projektu veicot un domajot par zalu domasanu garazas biis pareiza izvéle.
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1.attéls Auciema ciemata ferma.

Auciema ciemata ferma izveidojusies kolhoza laika, ferma tika audzéeti liellopi. Par Auciema
ciemata fermu ir loti skaudra informacija gan interneta vietng€, gan ar1 pasvaliba. Diplomprojekta
laika Pargaujas novada pasvaliba notika reorganizacija un patreiz no Pargaujas novada ir kluvis par
Cesu novadu .Ierodoties Pargaujas novada dome praksg, sapratu, ka iesp&jamie matreali par Auciema
fermu ir jameklI€ individuali. Auciema ferma pieder privatpersonai kura par sakratajam pajam un
holkoza likvidaciju to sanéma ka darba algu. No sakuma privatpersonas ineacitiva bija turpinat
darbibu Auciema ferma, bet ta vieta par to nelikas ne zinis, Kur §T €ka ar katru gadu paliek ar vien
bedigaka stavokli.

Lielakais §1s degradétas teritorijas c€lonis - ferma pieder privatpersonai, zeme pieder
pasvaldibai. Daudzu gadu garuma notiek tiesvediba ar So privatpersonu jo uz sarunam nav
pretimnakosa. Bet pasvaldiba ir ieintereséta laika gaita caur likuma kartibu sakartot So jautajumu.

Secinajumi
1. Degrad@ta teritorija ir pamesta vai neizmantojama zeme, kas izveidojusies nelabveligo, socialo
un ekonomisko ietekmju rezultata. Degrad@tas teritorijas atjaunoSana nenozimé pilnigu teritorijas
atgrieSanu pirmatngja stavokli, ta var biit parveidota atbilstosi sabiedribas prasibam, bet noteikti
ar augstu ekologisko kvalitati.
2. Lai demont€tu Auciema ciemata fermu ir nepieciesami 33 237,20 eur
Auciema ciems ir viens no skaistakajiem ciematiem C&su novada. Ainavisks skats no jebkura skatu
punkta. Tap&c autors velas So skaisto vietu padarit par sakoptaku teritoriju gan iedzivotajiem, gan
iebraucgjiem.

[99)

Summary
The requirement to demolish or renovate a building arises for a variety of reasons. It is
important to follow the demolition process.
Each building has its own lifespan, called the “project life”. For the most part, architects will
design a building with a lifespan of perhaps 80-100 years. When it reaches the end of its life, it can
become dangerous to live in or adjacent buildings around it.
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Other reasons are that old structures are being replaced by new ones. The structure has lost its
stability or may have structural damage.

Demolition - means dismantling or removal for destruction. Demolition is the process of
dismantling a building at the end of its service life or operation, using pre-planned and controlled
demolition techniques.
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Abstract. Vada uztiSana uz ramja tiek veikta ar zinamu sasprindzinajumu. Katra veida tinuma stieples optimalais
spriegums ir atkarigs no tinuma veida un maksimala pielaujama sprieguma konkrétajam vadam. Parmérigs spriegums
izraists stieples pagarinasanos, mainis ta pretestibu un sabojas izolaciju. Nepietiekams spriegums radis formas klidu,
tinumu piepildijuma koeficienta samazinasanos un rezultatd ietekmeés tinuma izstradajuma kvalitates ipasibas.

Keywords: deformacija, stiepums, stohastiskas ipasibas, spole.

Ievads

Tinuma forma, ta geometrisko un fizisko parametru precizitate, tinuma atruma rezimi
liela méra ir atkarigi no stieples spriegojuma faktiskas vertibas. Stieples spriegums ir galvenais
tehnologiskais faktors, kas nosaka procesa produktivitati, tinumu izstradajumu kvalitati un parametrus
(tinumu piepildijuma koeficientu, spoles izmé&rus utt.). Stieples spriegojumu nodroSina Tpasas
iekartas, kas uzstaditas uz masSinas. Stieples stiepes speks ir atkarigs no stieples Skérsgriezuma un no
berzes masinas kustigaja dala. Ar parmeérigu sasprindzinajumu vads saplist vai stiepjas, kas izraisa
omu pretestibas izmainas un izolacijas bojajumus, ka rezultata spolé var veidoties Issavienojuma
pagriezieni. Zemais stieples spriegojums noved pie spoles izméra palielinaSanas, t.i. aizpildijuma
koeficienta samazinasana. [1,2,3,4]

Spoles tinuma iekartas veidi
WH-800 ir kompakta vienas varpstas galda spoles uztiSanas iekarta ar digitalu vadibu
pusautomatiskai darbibai maza sprieguma un signala transformatoru un citu induktivo ieri¢u tinumiem,
kam nepiecieSami vairaki tinumi. letver stiprinajumus malam un vakam.

Small transformer winding machine WH-800 [5]
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WH-764 ir atrgaitas Cetru varpstu galda spolu uztiSanas iekarta ar digitalo kontrolieri
pusautomatiskai darbibai, ko izmanto mazu induktoru razoSana. Automatizéta sketeres funkcija —
tinums tiek apturéts dazus apgriezienus no gala, un iekarta automatiski veic SketeréSanas funkciju.

P&c tam pusi no Sketeréta garuma ietin spol€, un atlikuso Sketeréto garumu izmanto nakamas spoles
sakumam.

Small inductor winding machine WH-764 [6]

WH-766T ir atrgaitas seSu varpstu galda spolu uztiSanas iekarta ar digitalo kontrolieri
pusautomatiskai darbibai, ko izmanto mazu induktoru razosana, jo Ipasi spol@s, kas uztitas ar vienu

stieples izmé&ru un lielu apgriezienu skaitu. Mazais nospiedums lauj efektivi izmantot darbagalda
vietu, un lielais atrums lauj sasniegt Tsus cikla laikus.

Small inductor winding machine with skein fuction WH-766T [7]
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Mehaniskais stiepes testeris

Mehaniskais stiepes testeris galvenokart iedarbina dzingja spirales skriives rotaciju, skriives
rotacija parvieto ierici augSup un lejup, lai sasniegtu stiepes testera stiepes, saspiedes, parrausanas,
nobides, trispunktu izliekuma un citu funkciju pretestibu, prieksSrociba ir augsta precizitates kontrolg.

Mehaniska stiepes testera galvenais ramis viena stiena konstrukceijai vai durvju konstrukecijai,
galvenokart piem&rots gumijai, plastmasai, tekstilizstradajumiem, geotekstilam, idensnecaurlaidigiem
materialiem, stieplém un kabeliem, tikla virvém, metala stieplém, metala stieniem, metala plaksném
un citiem stiepes parbaudes materialiem, stiprinagjuma palielinasana var veikt lieces, plisumus,
lobiSanos un citus testus.

Stieples stiepes testeris TT01 [8]

Materialu un metodes

Spoles izmanto ka elektrisko k&zu sastavdalas, ka arT magnétiska lauka radiSanai motoros,
transformatoros, generatoros, ka art skalrunu un mikrofonu razosana. Vis laikietilpigaka un atbildigaka
kvalitates nodrosSinasanai ir stieples uztiSanas darbiba. P&c §1s darbibas pabeigSanas visi atzitie defekti
klust paslépti (pec to atklaSanas). Tinuma izstradajumi sastav no ramja un tinuma. Ramis ir tinuma
izstradajuma pamats un ir izgatavots no dielektrikiem. Pati tinuma stieple var sastavet no tira vara,
aluminija, aluminija ar varu un citi.

Spriegojuma optimala vértiba tiek izvéleta tuvu tas proporcionala pagarindjuma robezai,
vienlaikus pielaujot dazas regulétas stieples materiala plastiskas deformacijas, kas rodas no lieces
momentiem tinumu forméSanas laika. Taja pasa laika optimalas spriegojuma vértibas izvéle ir
atkariga no daudziem faktoriem, tostarp no izmantoto tinumu vadu Ipasibam, tinuma konstrukcijas
un ta mérka, tehniskajiem nosacijumiem, tinuma iekartas un aprikojums, kinematiska tinuma shéma
utt. Ar parmeérigu sasprindzinajumu vads saplist vai stiepjas, kas izraisa omu pretestibas izmainas
un izolacijas bojajumus, ka rezultata spolé var veidoties 1ssavienojuma pagriezieni. Neliels stieples
spriegojums noved pie spoles izméra palielinasanas, t.i. uz aizpildijuma koeficienta samazinasanos.

Stieples spriegojumu var noteikt ar empiriskam formulam atkariba no materialiem: vara
stieplei F, = 8.5 * 10° * d*, kur d ir vara stieples diametrs. [1]

Vadu pretestibas izmainu atkaribu var noteikt p&c formulas:

Ro— Ru o,
SRH— Ry (]

kur R - stieples sakotn&ja pretestiba, ja nav stiepes speku; R, - stieples pretestiba, kas paklauta slodzei
noteikta sprieguma veida.
Pretestibas kliida stieples diametra pielaides svarstibu dél var noteikt pec formulas:
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Stieples pretestibas izmainu atkariba, tinot uz ramja, ir atkariga no ramja izmeéra un struktiiras
un tinuma atruma. 1. att.

.
8, P, %

20

04

0 4 12 20 28 0 W, MM

1. att. Stieples pretestibas izmainu grafiks tas deformacijas d€l, saliekot atbilstoSi ramja formai
ar izméru. [1]

Stieples ar diametru no 0,1 [idz 0,2 mm pretestibas kliida tiek nemta videji 1-2%.

Produlkta konstrukeijas raksturlislhimi
(tinuma dizains, stieples parametni, r8mja il E mrmees raletreie
konstrukeija, tinumu specifikicijas un Tetmologiska procesa raksturojums
pielaides)
Tehnologiskd procesa Tehnologiskd procesa
darbibas Pielaujamais stieples stohastiskas pasibas
spriegums
Tinuma iZstradajuma Sprieguma kontroles
darbibas apstakli precizitéte
Nejausi fakior th‘tls_}ta 5t|e;_JIes Kuntrnlela metpmka
spriegojuma veértiba un lidzekli

2. att. Faktori, kas nosaka maksimala pielaujama un faktiska stieples spriegojuma véertibas.
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Rezultati
Ar pieejamajiem vara stieplém tika aprékinats spriegojuma speki, kas nedeforme stiepli un
pasu sagatavi. Ta ka vara stieples piegadatajam nav precizu stieples parametri, tika nolemts veikt
parbaudes un salidzinat ar aprékiniem. Testa rezultata bija nemts véra vizuala deformacija. 1. tabula.

1. Tabula.
Vara stieples pielaujamais spriegums.
Nr. d, mm Izrekinats  pielaujamais | Testa spriegums pie kuras vizuali redzams
spriegums, g deformacija, g
1. 0.53 2387.65 2950
2. 0.60 3060 3700
3. 0.71 4284.84 4900
4. 0.92 7194.4 7800
Izveértéjums

Salidzinot ar aprekiniem var konstatét ka izrékinats pielaujamais spriegums ir apmé&ram pa reiz
ar izrekinam. Pats vara stieples piegadatajs un razotajs nesniedz detaliz&tu informaciju par pielaujamo
pagarinajumu un pielaujamajiem spriegumiem metala materiala un izolacija. Lidz ar to, neieverojot
pielaujamo spriegumu, piem&ram, skanu spole neietilps sprauga starp s€dekla kasti un magnéetiem,
vai arT tai biis lakas bojajumi, kas spoles darbibas rezultata , laka uzkarsts un notiks Tssavienojums.

Secinajumi
Rezultata petijums liecina, ka, nepastavot precizai razotaja sniegtai informacijai par pielaujama
pagarinajuma un sprieguma pieejamibas parametriem vara un izolacija, aprékini pierada, ka tie ir
pareizi. Veicot eksperimentus, noteikti bija redzama vara stieples vizuala deformacija. Aprékinos tas
noteikti bija dazada diametra vara stieples pielaujamais stiepums. Petfjums  palidze€s  turpmak
pielagot tinumu masinu, ja nav pieejamas vara deformacijas parametrus.
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Abstract. This study displays the effect of laser surface hardening parameters on the Ck 45 steel. The method is
mostly based on experimental tests, with micro-hardness data being used to obtain the hardness profile Ck 45.The beauty
of the surface laser hardening technique is that, it hardens a specific area without changing the surface qualities of the
surrounding area. Due to its versatility and capacity to manufacture parts with complex geometry, laser heat treatment is
regarded one of the best-performing manufacturing technologies currently in use.

Keywords: Laser hardening, hardening of steel Ck 45, parameters.

Introduction

Laser hardening is one of the economical techniques used to improve surface properties of
target materials. This process is easy to use for improving surface properties of a complex shape
component with minimum time requirement. The important beauty of this process is that only
selective surface area properties can be improved without changing the remaining bulk material
surface properties.[1-3].

Surface properties and wear resistance can be improved by laser hardening process. There
are wide variety of industrial applications of laser hardening process for the mechanical components
such as steering gear assemblies, diesel engine cylinder liner, turbine blades and stub axles to achieve
maximum microhardness and to increase the wear resistance.Because of the self-quench and easily
regulated laser power, laser surface treatment is a very versatile method that has been widely employed
in the car and other industrial sectors.[4-5].

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.[6].

Many parameters that might affect the procedure should be examined in order to execute
proper laser hardening for the parts and get the desired outcomes. Many studies have been conducted
to determine the impact of the independent parameters of the laser hardening process, such as laser
power, processing speed, laser spot size, and the work material’s thermal characteristics.[7-8].

Methodology and Experimentations

Material.

The process of laser surface hardening performed on metal components reveals different
types of responses like hardness, depth of hardness, grain structures. The material with few chemical
compositions including Carbon, Chromium, Manganese, and Molybdenum in process shows different
responses.[9].
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Table 1. Chemical composition and mechanical properties of C45 steel

Chemical composition, %

Designation
C Si Mn P 5 Cu Cr Mo Ni
0.42-0,50 0,17-0,37 0,5-0,8 = 0,04 = 0,04 =0,30 =030 =0,10 =0,30
Mechanical properties
C45
R..MPa R,, MPa As, % HB
340 620 16 207

The steel C45 has a carbon percentage of 0.5 percent, making it a medium carbon steel.Steel
C45 has a high carbon content, as stated in table 1 [10], indicating that it is appropriate for laser
hardening.

Lasers.

Carbon dioxide (CO,) lasers have been used in heat treating for over 30 years, as an alternative
for induction or other traditional heat treating techniques. However, limitations in CO, laser reliability
and cost of ownership have made their use as a heat treating source less than ideal. Over the past few
years, a new approach for heat treating based on the high-power, direct diode laser has emerged.
Direct diode lasers utilize a very different technology than CO, lasers to produce light and in this
way overcome the most significant disadvantages of CO, lasers. While direct diode lasers are by no
means a panacea for all applications they do offer some compelling advantages in certain distinct
applications. This article reviews the basics of laser heat treating, its optimum uses, and compares
CO, with diode laser technology. [11].

For the majority of laser hardening applications, the HPDDL output beam illuminates an area
that is smaller than the total area to be processed. Thus, either the work piece or the beam is moved
in order to achieve total coverage. A typical implementation of this approach, in this case for a large
construction vehicle spindle, is shown in the photograph.[10].

Figure 1 . The laser beam is moved across the part in order to heat treat large areas. [10]

HPDDLs offer a substantial cost advantage over CO, lasers. One reason for this is that their
electrical efficiency (conversion of input electrical energy to useful light output) is about 3 — 4 times
higher than that of the CO, laser. This translates directly into lower operating cost. Additionally,
the HPDDL has “instant on” capability so there is no standby power consumption. Even larger
savings results from reduced maintenance costs which are orders of magnitude less for the HPDDL
as compared to a CO, laser.[10].

Results and Discussions
A typical laser hardening process is shown in Figure 2 whereby a defocused laser beam is
utilized to scan over a surface to obtain the hardening effect. The hardened zone can be clearly
distinguished from the base microstructure after etching with 2% nital solution.
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Figure 2. A single laser-hardened track showing associated depth and width.

Heat input can be varied by changing the power and speed. If the power is high and the
scanning speed is slow.The efficiency is low at low heat input which is expected as a lower heat
input is insufficient to increase the temperature at the surface. With the increase in heat input, the
temperature at the surface can reach the austenitization temperature required for hardening. Further
increase in heat input expands the austenitized region in the steel substrate which transforms into
martensite on rapid cooling.Increase in hardened depth and width with an increase in heat input. This
results in a rapid increase in hardening efficiency. However, it is to be noted that the austenitized
region does not keep on linearly increasing. The increment slows down at higher heat input. This is
because the depth of penetration is limited by the thermal conductivity of the material. Therefore,
the hardening efficiency slightly reduces after approximately 20 J/mm?2 . The further increase in heat
input might result in surface melting.[11].

The absorption of the laser beam by a steel surface increases with the decrease in laser
wavelength. Higher absorption should result in a larger amount of energy available for surface heating.
Nevertheless, infrared lasers are still widely employed for surface hardening due to their low cost and
easy availability.A slightly lower efficiency was calculated for the fiber laser used in our experiment
compared to others. This is probably due to the low power used in our case. With the low power
available, the hardened volume is small and much of the energy is lost in heating the substrate.[12]

The effect of laser power on the depth of hardness

As the power of the laser beam increases between 210 and 330 watts, the value of the signal
to noise ratio and hardness depth of laser hardened sample increase too which is shown in Fig. 3. It
is observed increments in the hardness depth are 308.51, 325.14 and 340.25 pm respectively of laser
hardened samples of Ck45 steel with variations in the laser beam power of 210, 270 and 330 watt
at constant 1.0 mm/s laser scan speed and the maximum achieved hardness depth is 340.25 pm.[13]

Main Effects Plot (data means) for SN ratios
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Figure 3. Main effects plot for S/N ratios [13]
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The effect of laser scanning speed on the depth of hardness
The effects of the process parameters as a laser scanning speed on the laser treated samples
hardness depth value shows that a curve trend graph is inversely proportional as shown in Fig. 3. As
the variations in the laser scanning speeds are 1.0, 8.5 and 16.0 mm/s at 330 watt constant laser beam
power is observed. Table 2 shows the effects of laser scanning speed which decreases the hardness
depth to 340.25, 322.32 and 300.34 um respectively and decreases the signal to noise ratio values.
[13]

Sr. Laser | Laser Standoff | Width (um) | Hardness S/N
No. Power | scanning | distance | Ck45 depth of Ratio
(w) speed {rm) HAZ(pum)
(mm/s)

1. 210 1 200 1114.81 308.51 49.7854
2 210 8.5 250 1088.34 249.10 47.9275
3 210 16 300 1037.75 220.13 46.8536
4 270 1 250 1094 .68 325.14 50.2414
5 270 8.5 300 1022.67 264.18 48.4380
6. 270 16 200 1063.68 231.32 47.2843
7. 330 1 300 1090.14 340.25 50.6360
8. 330 8.5 200 1093.22 322.32 50.1657
9. 330 16 250 1027.93 300.34 49.5523

Table 2. Experimental Ck45 steel laser hardness depth

Conclusions
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.
From all the three variables, laser scanning speed is the foremost impacting noteworthy

calculates of laser hardness depth of Ck4s5 steel, taken after by the laser beam power and standoff distance separate
individually.

References

1. Advances in Mechanical Processing and Design pp 293-304, Santoshkumar V. WaghEmail authorDhananjay V.
BhattJyoti V. MenghaniSujit S. Pardeshi.

2. Lazov,L.,H.Deneva, P. Narica, Factors influencing the color laser marking, 2015, ENVIRONMENT. TECHNOLOGIES.
RESOURCES. Proceedings of the International Scientific and Practical Conference, v. 1, pp. 102-107, https://doi.
org/10.17770/etr2015vol1.223

3. Lazov, L., T. Karadzhov, Methods for Measuring Laser Power. Environment. Technology. Resources. Rezekne,
Latvia, Proceedings of the 13th International Scientific and Practical Conference. Volume 3, 173-180, 2021, Online
ISSN 2256-070X, DOI: 10.17770/etr2021vol3.6565,

4. Adel, K. M., (2014). Enhancement of dry sliding wear characteristics of CK45 steel alloy by laser surface hardening
processing, Procedia materials science.

5. Lazov, L., E. Teirumnieks, T. Karadzhov, N. Angelov, Influence of power density and frequency of the process of laser
marking of steel products. Infrared Physics and Technology 116 (2021) 103783, DOI: 10.1016/j.infrared.2021.103783,
Web of Science IF 2.638

6. The influence of different conditions of laser-beam interaction in laser surface hardening of steels, Thin Solid Films,
J. Grum, T. Kek, 2004

7. Laser Hardening Process with 2D Scanning Optics, lvia Martinez, Aitzol Lamikiz, Ivan Tabernero, Eneko Ukar,
Department of Mechanical Engineering, University of the Basque Country (UPV-EHU), Spain, Physics Procedia 39
(2012)309-317

80


http://journals.rta.lv/index.php/ETR/article/view/223
https://doi.org/10.17770/etr2015vol1.223
https://doi.org/10.17770/etr2015vol1.223

8.

10.
11.

12.

13.

14.

H. Pantsar, et al., “Effect of Processing Parameters on the Microstructure and Hardness of Laser Transformation
Hardened Tool Steel,” Proceedings of the 23rd Interna-tional Congress on Applications of Laser and Electro- Optics
(ICALEO 2004), San Francisco, California, USA

Martinovs A., et al., Laser hardening process optimization using FEM, Engeneering for rural development, 2020,
pp-1500-1508, DOI:10.22616/ERDev.2020.19.TF372

Parker K., Heat Treating with High Power Diode Lasers, www.coherent.com, (408) 764-4983

Mabharjan, N.; Zhou, W.; Zhou, Y.; Guan, Y.; Wu, N. Comparative study of laser surface hardening of 50CrMo4 steel
using continuous-wave laser and pulsed lasers with ms, ns, ps and fs pulse duration. Surf. Coat. Technol. 2019, 366,
311-320. [CrossRef

Baumann, M.; Balck, A.; Malchus, J.; Chacko, R.V.; Marfels, S.; Witte, U.; Dinakaran, D.; Ocylok, S.; Weinbach,
M.; Bachert, C.; et al. 1000 W blue fiber-coupled diode-laser emitting at 450 nm. In Proceedings of the SPIE 10900,
High-Power Diode Laser Technology XVII, 1090005, San Francisco, CA, USA, 3-5 February 2019.

Santoshkumar V. Wagh et al 2020 IOP Conf. Ser.. Mater. Sci. Eng., Effects of laser hardening process parameters on
hardness depth of Ck45 steel using Taguchi‘s optimization technique
https://iopscience.iop.org/article/10.1088/1757-899X/810/1/012027

81


http://www.coherent.com

26. starptautiska studentu zinatniski praktiska konference
. Cilveks.Vide. Tehnologijas

RTA\

REZEKNES TEHNOLOGIJU AKADEMIJA

POSSIBLE USE OF LASERS FOR CLEAVAGE OF PHENOLS TILL BASE
SUBSTANCES (REVIEW)
LAZERU IESPEJAMA IZMANTOSANA FENOLA SASKELSANAI LIDZ
VIENKARSAKAM VIELAM (APSKATS)

Autore: Diana Zarecka Mg.sc.ing., e-pasts: zd16001 @edu.rta.lv
Zinatniska darba vaditajs: Lyubomir Lazov Dr.sc.ing. , e-pasts: Lyubomir.Lazov@rta.lv
Rézeknes Tehnologiju akadémija
Atbrivosanas aleja 115, Rézekne, Latvija

Abstract. The purpose of this review article is to explain the hazards of phenol and phenol compounds to
human health and the environment. To describe where and how phenol and its compounds occur, especially in industrial
effluents. To study the possibility of using laser technologies for phenol cleavage, as well as for the treatment of industrial
wastewater from phenol compounds.

Removal of phenol and its compounds using biological wastewater treatment process is widely used worldwide.
This method is cost-effective and environmentally friendly. On the other hand, exceeding the tolerable phenol concentration,
which is individual for each biological treatment plant, may result in severe intoxication and lead to death of activated
sludge system. Thus, the biological treatment process of industrial wastewater is halted until the phenol concentration is
reduced to an acceptable level and the microorganisms have time to recover. Such a procedure can be time consuming
and unpredictable due to the susceptibility of microorganisms to changing conditions. Based on this, sources of literature
have been studied that could help to understand which laser equipment can be used to cleave a phenolic compound or
benzene ring to simpler compounds.

Keywords. Bacteria, laser technology, phenol, wastewater.

Introduction

Due to industrial and agricultural revolutions, potentially carcinogenic and mutagenic
halogen-substituted aromatics tend to accumulate in environment. Phenol and its higher molecular
homologues are hazardous environmental contaminants. Due to their toxic nature, these molecules
tend to accrue in water and soil after discharge without appropriate treatment. [1]

The use of bacteria to treat wastewater is one of the most effective and environmentally
friendly methods for treating toxic waste from the environment. The limitation of this method is the
strict control of the composition of the wastewater. The presence of various chemicals, even in small
concentrations, can adversely affect bacteria and other microorganisms and affect their function. For
example, phenol and its compounds are such chemicals.

Phenol is important in environmental research because it is often chosen as a hazardous
pollutant. As a result, a lot of data is available on its removal or disposal, especially for wastewater
treatment. Over the last decade, the treatment of wastewater contaminated with phenol and phenol
groups has attracted a great deal of attention due to the toxicity and low biodegradability of these
organic compounds. In the chemical industry, phenolic compounds are very challenging to treat
by traditional treatment methods, such as activated sludge cleavage, solvent extraction, chemical
treatment, adsorption, etc. [2]

Materials and methods
The phenol flash point is only 79 degrees Celsius, it is necessary to choose a laser device that
does not emit a large amount of heat, the beam does not exceed the phenol flash point. In addition,
phenol vapors are corrosive to the skin, eyes and respiratory tract. Aqueous phenol solutions react
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mailto:zd16001@edu.rta.lv
mailto:Lyubomir.Lazov@rta.lv

with oxidants which may lead to fire or explosion [18].

UV laser marker, which has a wavelength of around 355nm, offers a lower power for marking
heat-sensitive materials such as plastic and glass. Because UV laser markers and other machines in
the “cold laser” category emit less energy, they are great solutions for many organic or soft products,
as they are less likely to burn the material. A fiber laser, on the other hand, operates at 1070nm,
delivering significantly higher power [19].

Aromatic hydrocarbons are not as readily biodegradable as the normal and branched. But
alkanes, they are somewhat more easily degradable than the alicyclic hydrocarbons. Many of these
compounds are toxic and some are known or suspected carcinogens. The presence of phenol in
drinking water and irrigation water represents a serious health hazard to humans, animals, plants and
microorganisms. to some form of aquatic life and ingestion of 1gm of phenol can be fatal in human
beings. Continuous ingestion of phenol for a prolonged period causes mouth sore, diarrhea, excretion
of dark urine and impaired vision at concentrations levels ranging between 10 and 240 mg/L. Lethal
blood concentration for phenol is around 4.7 to 130 mg/100mL. Phenol affects the nervous system
and key organs, i.e., spleen, pancreas and kidneys. [1]

Hazards of phenol

Phenol is classified as a priority pollutant owing to their high toxicity and widespread
environmental occurrence. Various regulatory authorities have imposed strict limits to phenol
concentration in industrial discharges. Many countries regulate phenol released into the environment.
For drinking water, a guideline concentration of 1pg/L, has been prescribed.

The impacts of pollution on the environment have led to intense scientific investigations.
The removal of phenol from industrial effluents has attracted researchers from different fields. The
increasing awareness on the environment in both developed and developing countries has initiated
more studies of possible solutions for treating phenol.

Different treatment methods are available for reduction of phenol content in wastewater.
Phenolic wastes are treated by several physico-chemical methods like Chlorination, Advanced
oxidation process, Adsorption, Solvent Extraction, Coagulation, Flocculation, Reverse osmosis,
Ozonisation, Photo catalysis and Electrolytic oxidation. [1]

Biodegradation of phenol

Phenol, or hydroxybenzene, is both a synthetically and naturally produced aromatic
compound. Microorganisms capable of degrading phenol are common and include both aerobes and
anaerobes. Many aerobic phenol-degrading microorganisms have been isolated and the pathways for
the aerobic degradation of phenol are now firmly established. The first steps include oxygenation of
phenol, by phenol hydroxylase enzymes to form catechol, followed by ring cleavage adjacent to or in
between the two hydroxyl groups of catechol. Phenol hydroxylases ranging from simple flavoprotein
monooxygenases to multicomponent hydroxylases, as well as the genes coding for these enzymes,
have been described for several aerobic phenol-degrading microorganisms. [3]

The bacteria degrading phenols are divided into two types: the first type can use phenols as the
sole source of carbon. These bacteria contain enzyme systems degrading phenols, which often live in
a bad environment with phenol contamination. This type of bacteria mainly include staphylococcus,
micrococcus, corynebacterium, arthrobacter, acinetobacter and alcaligenes. The second type must
rely on other carbon sources to degrade phenols. This type of bacteria mainly decomposes phenols
through co-metabolism pattern, which usually needs two or more bacteria working together [4, 6]. The
phenol-degrading bacteria generally have their unique properties, inducement of phenol degradation
ability, diversity of the matrix degradation and synergistic of phenol degradation. The inducement of
phenol degradation ability suggests that the degradation ability of phenol can be improved greatly after
adaptive mutation in bacteria. There are two ways to mutate phenol-degrading bacteria: increasing the
concentration of phenol and increasing the dosage one time. The results show that the strains which
are screened by gradually increasing the concentration of phenol had the strongest degradation ability
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of phenol. Adaptive mutation of phenol-degrading bacteria is a result of inducing and selecting.
In the process of adaptive mutation, the phenol-resistant strains are screened out by increasing the
concentration of phenols, which greatly shortens the adaptation period of the bacteria and improves
the degradation efficiency [5, 6]. The diversity of matrix degradation means that isolation and
screening of phenol-degrading bacteria with a single phenolic substance as carbon source can degrade
other phenolic substances and refractory organics. For example, Bacillus coagulans, separated from
single carbon source, can also grow with diphenyl dichloride and naphthalene as carbon source. The
synergistic of phenol degradation indicates that the degradation ability of mixed strains is significantly
higher than that of single strain. The mixed strains even have strong degradation ability when the
phenol concentration is high [6, 7].

Phenol biodegradation and its effect on the nitrification process

Nitrobacteria — any of several genera of bacteria in the soil that participate in the nitrogen
cycle by oxidizing ammonium and organic nitrogen compounds to more soluble nitrites and nitrates
[8]. Nitrifying bacteria convert the most reduced form of soil nitrogen, ammonia, into its most
oxidized form, nitrate. Nitrifiers also contribute to other important processes, including nitrous oxide
production, methane oxidation, degradation of organic compounds, and carbon monoxide oxidation
[9].

Phenol is a toxic compound present in wastewaters from many different industries, such
as petrochemical industries, chemical industries and resin producing industries. In some cases,
nitrogen may be present as well. Therefore, the biological treatment of these wastewaters requires
the simultaneous removal of phenol and nitrogen, which can be done in an activated sludge reactor
in two successive steps. During the nitrification step, ammonium is oxidized to nitrate under aerobic
conditions; and during the denitrification step, nitrate is reduced to molecular nitrogen in the presence
of a carbon source under anoxic conditions. Nitrification is commonly the rate-limiting step of the
overall nitrogen removal. In the presence of toxic compounds as phenol, even at low concentrations,
the nitrification process may be inhibited [10].

Based on the information provided by the studied literature, it was found that phenol inhibits
the performance of wastewater treatment (chemical oxygen demand (COD) removal). The kinetics
of wastewater treatment based on the Michael-Menten enzyme equation were considered. The anti-
competitive kinetic equation was appropriate (Equation 1)[17]:

erz.x: 5

(1 +%)-Km+5

=

(1)

V' is the COD removal rate (mg/L/h);

V. is the maximum COD removal rate (mg/L/h);
S is the COD concentration (mg/L);

K is the half-saturation factor (mg/L);

1 is the phenol concentration (mg/L);

K, is the inhibition factor (mg/L).

Results and discussion

Favorable conditions for nitrobacterium
Nitrifying bacteria are traditionally considered to be obligate aerobes; they require molecular
oxygen for reactions in the N oxidation pathways and for respiration. They are reputed to be
microaerophiles, however, who thrive best under relatively low oxygen conditions. Microaerophile
may be important in interface environments such as the sediment water interface and in the oxygen
minimum zones of the ocean. The role of oxygen in sedimentary nitrification and coupled nitrification/
denitrification is discussed above in the section on nitrification in sediments [11].
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While net nitrification and growth at the expense of inorganic N occurs only under aerobic
conditions in autotrophic nitrifiers, both NH,™ and NO," - oxidizing nitrifiers are apparently capable
of partial or even complete denitrification [11].

Nitrifying bacteria oxidize aerobic biological ammonia (NH,) to nitrate (NO,") in a two-step
process: (1) oxidation of ammonia to nitrite (NO,") by oxidation of ammonia by bacteria (AOB) and
(2) oxidation of nitrites to nitrate (NO,"). nitrate caused by nitrite oxidizing bacteria (NOB). The
molar stoichiometry of ammonium based AOB (NH4") is:

NH,"+1.382 O,+ 1.982 HCO, —

— 0.0182 C.H.O,N +0.982 NO,” + 1.036 H,O +1.891 H,CO,

For NOB with NO,™ based molar stoichiometry is:
NO, +0.00256 NH," + 0.0104 H,CO, + 0.00226 HCO,” + 0.487 O, —
— 0.00244 C.H,O,N +0.00767 H,0O + 1.0 NO,~

The total reaction for complete nitrification is:
NH," +1.856 O,+1.979 HCO,~ —
— 0.0205 C.H,O,N +0.979 NO,— + 1.041 H,O + 1.876 H,CO,

Oxidation of ammonia is optimal between pH 7.5 and 8.0 and between 25 and 30 ° C. AOB
has a low growth rate and yield because the oxidation of ammonia results in a small energy gain and
a high energy input required to reduce inorganic carbon, resulting in a generation time ranging from
8 hours to several days [12].

Denitrification, in combination with nitrification, is widely applied for removal of inorganic
nitrogen from nitrogen-polluted waste and drinking waters. Biological nitrogen removal by means of
this combined process is often hampered by the accumulation of nitrite, an intermediate product in
both nitrification and denitrification. Nitrite accumulation has received considerable attention, as this
inorganic form of nitrogen is toxic to aquatic life and to humans when it is present in drinking water
[13,15]. In denitrifies, various environmental factors were found to underlie nitrite accumulation,
among them being the type and quantity of organic substrate, oxygen, pH, nitrate availability, and
temperature [14, 15].

NOB activity could be selectively retarded by blue light — it can be used as the main influencing factor
of mainstream partial nitrification for energy-saving wastewater treatment. [16].

Conclusions

Based on this information, it has been decided to use a marking laser with an approximate power
of 20 W for further research. Operation with such a device is without consumable materials, without
pollution. The marking laser is energy efficient and meets environmental protection requirements in
accordance with European environmental standards.

The creation of artificial streams and the generation of phenolic vapors, which are dangerous
to human health even at low concentrations, could be a problem. It is possible that the cleavage
of phenolic compounds into simpler chemicals and its combination with biological wastewater
treatment will achieve good results. This could lead to optimal treatment of water contaminated with
high phenol concentrations. It would also promote the stable functioning of the microorganisms and
prevent bacterial poisoning.
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