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Daugavpils Universitteé docEtaju un studjoSo ziratniskas konferences notiek kops 1958. gada.
Konfereném ir starpdiscipliairs raksturs un tag piedads gan stugjoSie, gan dcgtaji, gan ar ieverojami
zinatnieki no daZdam pasaules valgh. Daugavpils Univergites 55. starptautigk ziratniskas konferences
petijumu tematika bijdoti plaSa — eksaf$, humaniras, izgitibas, nakslas un soa@io zinatpu jonas.

Zinatnisko rakstu Kijuma Daugavpils Universidtes 56. starptautisks zinztniskas
konferences rakstu kgjums = Proceedings of the 86International Scientific Conference of
Daugavpils Universityapkopoti 2014. gada 9.—11. dpkonferené prezengtie materili.

Daugavpils Universiites 56. starptautisis zinitniskis konferences rakstu dums tiek
publiccts 3 ddas: A. dda. Dabaszidtnes B. dda. Soculas zinitnes C. dda. Humanitras
zinatnes

The annual scientific conferences at Daugavpilsvehsity have been organized since 1958. The
themes of research presented at the conferences albgpheres of life. Due to the facts that theference
was of interdisciplinary character and that itstipgrants were students and outstanding scientists
different countries, the subjects of scientific astigations were very varied — in the domains adcéx
sciences, the humanities, education, art and ssa@hces.

The results of scientific investigations presertadng the conference are collected in the colbecti
of scientific articlesProceedings of the B8International Scientific Conference of Daugavpildniversity.

Proceedings of the 56th International Scientificn@&ence of Daugavpils Universigre
published in three parts: part Natural sciencespart B.Social Sciencepart C.Humanities.
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Abstract
The influence of an inhibitor of cytochrome electrm transport antimycin A on change of the total reative

oxygen species content in wheat seedling&rificum aestivumL.) under salt stress

Antimycin A as an inhibitor of cytochrome respimti was used to determine the participation of therrative

respiratory pathway in plants. The aim of the redeaescribed in this article is oriented to deieation the role of

cytochrome pathway respiration inhibitor antimydinand analysis the effect of different salinity ¢ on the total

reactive oxygen species content in the organsiolagétd wheat seedlingdiiticum aestivunilL.). Salinity is serious

environmental factor that leads to a productivégiuction of agricultural crops. In Latvia, simiktudies have not been

performed yet. The results indicated that totattiga oxygen species content increased by salssioa average by

12% in the organs of wheat seedlings compared auititrol. The activation of alternative respiratpathway in wheat

organs under stress conditions effectively prewkie reactive oxygen species production in mitochial electron

transport chain, which was induced by antimycinThese results are evidence that alternative pattallayiates

oxidative stress in plant cells.

Key words: Triticum aestivum L., reactive oxygeecsps, oxidative stress, antimycin A, salt stress.

Kopsavilkums

Citohroma elektronu transporta inhibitora antimic ina A ietekme uz koggjo aktiva skabekla formu saturu

izmainam kvieSu digstos {Triticum aestivumL.) sals stresa apsiklos

Antimicins A la citohroma elpoSanas inhibitors tika izmantots, faeskaidrotu alternatas elpoSanas déu augos.
Petijjuma nerkis ir orien€ts uz citohroma elpoSanasl@enhibitora antimima A lomas noteikSanu uritnija hlorida
ietekmi uz kopjo aktiva skabela formu saturu etiétajos kvieSu thstu orgnos (Triticum aestivunrL.). Sals stress ir
viens no galvenajiem vides faktoriem, kas izrag#as apjoma samaaganu lauksaimnigloas kultiram. Sidi petijumi
[idz Sim Latvii vel nav veikti. Rezuliti paradija, ka akivas skibeka formas kofais saturs palielijas gils stresa
apstklos vidsji par 12%, satizinot ar kontrolthstiem. Taj pa% laika alternaiva cda aktiviZSana kvieSu wstos
stresa apsklos efekivi noversa f@rmerigu akivo skibela formu veidoSanos mitohondriju elektronu transpkéte,
kuru indu@ja antimidns A. Sie rezuitti liecina par to, ka alterria elpo$ana nd@rs oksidalvo stresu auguibas.
Atslegvardi: Triticum aestivum L., akta skibelfa formas, oksid@tais stress, antimins A, gls stress.

Introduction

The resistance of plants to various abiotic strsss@luding salinity depends on the activity
of antioxidant systems consisting of low moleculgight components and antioxidant enzymes
that protect plants against the oxidative stresdquged by reactive oxygen species (ROS).
Mitochondria's functioning plays an important rotethe adaptation of plants to abiotic stress
factors. Mitochondria are dynamic organelles tlmatstantly change their structural and functional
state, depending on the intensity of the metabodfiactions and environmental conditions.
Mitochondria's electron transport chain (ETC) isesgial source of ROS generation in the plant

cells (Blokhina et al. 2003). They have a damagifigct on proteins, cell membrane, components
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of the photosynthetic apparatus, reduce the cormdkEmbajor photosynthetic pigments and apart
from the many harmful effects on plant growth anetabolism at low amounts they have a positive
role in signalling. They are capable of implemegtiatrograde signalling (from the organelle to the
nucleus). HO, is one of the most stable and important signalimdecules of ROS.

Salt stress is certainly main environmental fatat limits growth, development, quality of
plants and leads to huge losses in the productfityop plant (Flowers 2004). It is one of the mos
serious abiotic stresses affecting approximatelyof%he world’s total land area (Shabala & Cuin
2008). WheatTriticum aestivuni.) is a glycophyte plant which has significant agge response
to salt stress at germination, vegetative and thtive growth stages (Ali et al. 2009).

Salinity and other abiotic stress factors cause Rf@8uction that affect the physiology and
biochemistry of plants and can lead to a reductiomplant yield (Mittler 2002). ROS include
superoxide radical (O2), hydrogen peroxide @#®,), hydroxyl radical (OH"), singlet oxygehQy)
which damage proteins, nucleic acids, carbohydratesse lipid peroxidation (LPO) (Gill & Tuteja
2010) and lead to programmed cell death (Fleurylet2002). In salinity conditions impairs
metabolism of plants, reduces activity of nuclews, disturbs nitrogen metabolism and decreases
photosynthetic productivity (Parida & Das 2005).

Plant mitochondria besides the phosphorylating oytome) pathway have a non-
phosphorylating (alternative) respiratory pathwAjfdurtit et al. 2001). Plant mitochondria might
control ROS generation by energy-dissipation systeoch as alternative oxidase (AOX), plant
uncoupling mitochondrial protein and others (Pastdral. 2007). These systems are first protection
lines against oxidative stress. An alternativeafugie-resistant) respiration activated by influence
of adverse environmental factors on plants: lowperature (Borecky et al. 2006), water deficits,
chilling stress (Vidal et al. 2007) and others.

Antimycin A (AA) is a potent inhibitor of the mithondrial respiratory chain that blocks
normal electron flow through complex lll and biniti® quinone reduction site of the cytochrome
bcl complex (Huang et al. 2005) and may causediieation of alternative respiration.

In the present study tested the hypothesis thate@#s to the increase in the actual activity
of the alternative respiratory pathway in stregsleadits grown at adverse environmental factor: salt
stress, that may preventing an increase formafiooxic reactive oxygen species.

The aim of the research was to evaluate the efféatytochrome pathway respiration
inhibitor AA on total ROS content in different orgaof wheat seedlings under salt stress (0.05M;
0.1M NaCl) in order to understand how plants respand adapt on a biochemical level to this

stress.



DAUGAVPILS UNIVERSIT ATES 56. STARPTAUTISKAS ZINATNISK AS KONFERENCES PROCEEDINGS OF
RAKSTU KR AJUMS THE 56" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

Material and methods
Plant material and growth conditions

The object of the study was 6-days-old etiolateeldbiegs of Triticum aestivumL. (cv.
Harmony). Wheat seedlings germinated on wet filb@per in thermostat at 26 °C. After
germination wheat seedlings were transferred intangettes (70 x 100 mm dimensions) on two
layers of filter paper and then watered with 10 ohldistilled water (control), 10 ml of saline
solutions containing 0.05M NaCl and 0.1M NacCl, 1DahAA with 0.05M NaCl (1:1), 10 ml of
AA with 0.1M NacCl (1:1) and left to grow at 26 °Grf6é days. Coleoptiles used as a model of the
senescent organ, first leaves as a model of thelaigmg organ. Roots are main vegetative organs
that first contact with adverse environmental fextenshrine plants in the soil and absorb water
with mineral salts.

Detection of reactive oxygen species

The content of ROS in the organs of wheat seedlffigg leaf, coleoptile and root) was
determined by using #®CF-DA (2', 7'-dichlorofluorescein diacetate). Tmenpolar compound
(Ho.DCF-DA) is rapidly oxidized to the highly fluoresdedichlorofluorescein form (DCF) by
intracellular hydrogen peroxide and other peroxides the determination of the ROS content in
the organs of wheat seedlings plant tissue infdttawith a solution of BEDCF-DA at a final
concentration of 1 mM and incubated for 30 min e arkness at 26 °C. DCF fluorescence
measured in the supernatant at Fluorescence SpetgoFLS 920 (Edinburgh instrument, UK),
ROS fluorescence excitation wavelength80 nm, emissionr 524 nm. The ROS content expressed
in relative units per wet weight. ROS content wsitneated by following the method of Maxwel
al. (1999).

All data in three replicates were analyzed statdlfy in the program Statistica2010”.
Results presented as arithmetic means values dastherrors. The difference was considered at P
< 0.05.

Results and discussion

During the oxygen reduction to water in mitochoatimespiratory chain a small part of
absorbed oxygen (about-3%) converted to potentially toxic ROS, such asesoxide (O2),
hydrogen peroxide (#D,), hydroxyl radicals (OH etc., but various abiotic stress factors increase
ROS production to dangerous levels. In non-photit®gizing plant cells, mitochondria are the
main source of ROS production (Couée et al. 2086)excessive amount of ROS contributes to
damage of lipids, proteins, nucleic acids. Plantsteract the production of ROS with mechanisms
for neutralizing them.

The influence of different NaCl levels (0.05M; 0.1bh total content of ROS in first leaves
has been shown on Fig. 1. The results indicatedthieatotal ROS content in first leaves compared
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to control seedlings significantly increased undigferent concentrations of salinity (0.05 M and
0.1 M NaCl). In our experiment the total ROS conhtelevated by 7% (0.05 M) but at higher salt
concentration (0.1 M) by 11% in first leaves. Arrgase of ROS formation under salt stress was
also reported by other researchers (Miller et@L.(®2 Roy and Sengupta 2014). As appears from our
data NaCl initiated the oxidative stress in plaatsevidenced by the increase in the intensityesf f
radical processes.

Therefore, an increase of the formation of ROS blprade salinity induced membrane
biochemical and functional alterations and thistledell damage. The results clearly indicated that

NaCl treatment led to an increase of ROS generatimi damaged cellular structure and

metabolism.
165 -
First leaves

155 |
¥ 145 ¢
g to . O control
e E 7
5 :‘ 135 // @NacCl (0.05M)
f E = / @ NacCl (0.1M)
2 125 - %

115 %

105 %

Figure 1. Effect of different salinity concentrations on 4d®0S content in first leaves

ROS in cells have a double function: at high cobegions they damage molecules and
cause the development of programmed cell deathabubw concentrations act as signaling
molecules (Jabs 1998). Simultaneously was studigdhabitor’s effect on total ROS content. The
(Fig. 2) shows data about the influence of AA otaltdROS content in first leaves under salinity
stress. The results revealed that ROS contenteirptbsence of the cytochrome electron transport
inhibitor AA at 0.05 M NaCl gradually decreased1#0 and at 0.1 M NaCl by 9% (Fig. 2).

The gradual reduction of ROS under the influencedAf considered as a realization of
signal function, which allows creating defense nagtéms, including activation of antioxidant
systems. Present results have indicated that @ssftil conditions caused by salt stress and AA
increases the activity of alternative respiration.

AA is an inhibitor that inhibits cyclic flow of etdrons and also increases the activity of

alternative pathway substrate oxidation, includex¢ernal NADH dehydrogenases that reflected in
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the decrease of mitochondrial ROS contdrite present investigation revealed that AA caused
significant decrease of ROS content compared witiea seedlings, which subjected only by
salinity. Also, Maxwellet al. (1999) reported decline of intracellular ROS pratehn by addition of

AA by 52% in cultured tobacco celldNicotiana tabacum These results demonstrate that the
activity of alternative respiration should considges a mechanism by which plants can protect

themselves from oxidative stress.
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@ 145 O control
g w = @NaCl (0.05M)
g E
5 5 135 0 B AA+NaCl (0.05M)
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il ] 33¢ @NaCl (0.1M)
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Figure 2. The effect of antimycin A on total ROS contenthe presence of salt stress (NaCl) in
first leaves

Coleoptiles are juvenile organs that have shoriodeonf development and finish its
physiological function in process of programmed dehkth Pynamesckas u ap. 2009). In etiolated
coleoptiles of wheat seedlings apoptosis occur8-8rdays (Vanyushin et al. 2004). An increase of
ROS generation in cells of plants considered asafribe first signal that activates programmed
cell death. They depolarize mitochondria and leadetease of cytochrome in intermembrane
spaces.

The total ROS increase observed in coleoptiles aftegenous NaCl treatment. According
to (Fig. 3), the salt stress (0.05 M and 0.1 M Ndfad a significant effect on ROS content. Results
represented in (Fig. 3) has indicated that in qatiées of wheat seedlings influenced by NaCl (0.05
M) the total content of ROS increased by 8% anthathigher concentration of salt stress (0.1 M
NaCl) by 23%. Probably this was related with th&oacof salt stress inducing oxidative stress,
with general cellular metabolism slowdown and pangmed cell death. The distinctive apoptosis
features in coleoptiles are vacuolization of theoplasm, condensation of chromatin in the nucleus,

internucleosomal fragmentation of nuclear DNA atitecs (Vanyushin et al. 2004).
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Coleoptiles
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Figure 3. Effect of different salinity concentrations on 4dRDS content in coleoptiles

At the same time considerable decrease of ROS montas observed in the presence of
AA, depending on NaCl concentrations. The (Fig.shbws that at this stage of ontogenesis,
influenced by AA, ROS content decreased by 3% afIN@.05 M) and at the high salinity
treatment (0.1 M NaCl) by 21%. The result shows this decrease relates with the activation of
the mitochondrial protective systems, includingréased activity of substrate oxidation alternative
pathway.

An activity of alternative oxidase increased tredumrsly in the conditions of AA and salt
stress that avoided the oxidative damage caus&®US8. Reducing of ROS may change timing and
intensity of apoptosis.

Maxwell et al. (2002) have reported that cytochrome pathway itdrilof electron transport
(AA) induced nuclear AOX gene (Aox1) in culturedéxco cells and decreased the induction of
intracellular ROS accumulation. Djajanegataal. (2002) have found the same result respectively
in soybean suspension cells. In fact, combinedaati AA and salinity effect on germination by

decreasing of the respiratory chain generate of ROS
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Figure 4. The effect of antimycin A on total ROS contenthe presence of salt stress (NaCl) in
coleoptiles
The effect of salt stress on total content of egtllar ROS in roots of wheat seedlings had

shown in (Fig. 5). Our results demonstrate an esxeof the total ROS content by 8% (0.05M) and
by 13% (0.1 M) under the influence of salt str&3ar study showed that roots of wheat seedlings
were more sensitive to NaCl treatment than firsivés and coleoptiles. The total ROS content
increased in roots by 5.15% compared with firsvésaand by 8.08% in comparison to coleoptiles.
Perhaps, the significant increase of total ROS ertnin roots compared to coleoptiles and first
leaves of wheat seedlings is due to the fact thaiisrunlike shoots are constantly in contact with
H,O. According to Milleret al. (2010), NaCl and salicylic acid treatments sinlanduced the
ROS accumulation by 14% in rootsAfabidopsis Salinity damages the root hairs and zone of cell
elongation that is major zones of the absorptiosadif and water ingresduapesa u ap. 2012).
The damage of these zones increases the wateit defithe tissues, despite on the decline of
transpiration rate. The cell damage of root hamsises poor absorption of mineral nutrients
primarily nitrogen, phosphorus and potassium. Agsult, plants are starving. Salinity leads to
disruption of ratio between the absorption of sodipotassium and magnesium: intense absorption
of sodium reduces the absorption of potassium aadnesium. In cells of roots reduced the
membrane permeability to water and it is one ofatiaptations of plants to the water regime of soil
salinity. The excess salts in the soil can causmdsonous division of meristematic cells

(bonmapesa u ap. 2012).
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Figure 5. Effect of different salinity concentrations on #dR0OS content in roots

It is known, that a content of ROS is relativelynstant in absence of different adverse

factors. The combined presence of salt stress aadignificantly reduced the oxidative effect in

roots of wheat seedlings (Fig. 6). Results dematesta decrease of the total ROS content by 4%

under the influence of salt stress (0.05M) and A4 By 9% under combined presence of salt stress

(0.1M) and AA (Fig. 6).
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Figure 6. The effect of antimycin A on total ROS contenthie presence of salt stress (NaCl) in

roots

Alternative pathway respiration serves to lower R@®duction. The uncoupling of

oxidation and phosphorylation enhances mitochohdggpiration, reduces the time of semiquinone

existence and, therefore, decreases the produdfoiROS by transferring electrons from
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semiquinone to oxygen. NAD(P) H oxidation that dui nonjugate with translocation of protons
reduces recovery of redox components in mitochahddTC, which in turn reduces ROS
generation in rootsThus, is investigated the role of AA in roots thetluced the oxidative stress
and increased antioxidant status of wheat seedlings
Conclusions

We studied the total ROS content in the develofitgt leaves), senescent (coleoptiles)
organs and roots of etiolated wheat seedlings uhgeinfluence of salt stress (0.05 M; 0.1M NaCl)
and evaluated the role of AA in this process. Rresaudy demonstrated the connection between
the activation of the alternative oxidase (AO) timaluced AA and the generation of ROS under salt
(NaCl) conditions in wheat seedlings. Results ofiouestigation had reported that wheat seedlings
exposing to different salt concentrations had dbxvalevels of ROS generation and led
consequently to oxidative stress in different oggahwheat seedlings. However, we found that AA
in wheat seedlings effectively prevented the abibt raising the ROS substrate generation level.
Considering that AA activates alternative respimative can assume that its antioxidant role is one

of the reasons for the decreasing of the respyatfoain generating ROS in plant mitochondria.
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SAPROPH_A IETEKME UZ RED ISU (RAPHANUS SATIVUSL.)
ATTISTIBU
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Latvijas Universiite, Raha buharis 19, Rga, Latvija, LV-1586
sabine.bunere@gmail.com

Abstract

Effects of sapropel on the growth of radishRaphanus sativus..)
Intensive use of synthetic fertilizers ensures tpgbductivity of agriculture, but may deterioratevgonmental quality
and reduce quality of food articles. Many countriasluding Latvia, have prioritized developmentasfanic farming
and sustainable use of local resources to prevehtition. Studies on sustainable use of local reses) lake
recultivation and development of organic farming ane of the aims in Latvian Environmental Poli¢tsategy 2014 —
2020 and the aim of territorial planning in Latvibational Development Plan 2014 — 2020. As a gsiatirection of
Latvia research is studies of natural resourceamk development of new agricultural fertilizersstapport Latvian
national economy.
The aim of the research is to study sapropel pialense in an agriculture, testing developmentaufish Raphanus
sativusL. in hydroponics in Piliel lake peaty sapropel top layer (0,0 — 1,0 m) gmigt Statistically best results were
reached using sapropel according to humic acid exdnation 5 mg/l. Exceeding concentration 5 mgffea of
sapropel on plants was inhibitory.
Key Words: sapropel, humic acids, radish, hydropsni

|EVADS

Sapropelis ir digji atjaunojams Latvijas zemes itlz resurss, kas veidojaslenstilEs no
tudens organismu atli@k. Visintensvak sapropelis veidojas seékl tdenstilgs (2 — 20 m) ar
nelielu virsmas laukumu unaj caurteci. Sdos apstklos gada laik uzk@jas vickji 1 — 2 mm
sapropéa (Imurpuena 2003). Tomdr sapropéa atradnes ir ne tikaidenstilpes, bet akadras purvi,
jo gandiz katrs treSais purvs ir radies aizaugot ezettépp3p 2007). Saproda lielako masas da
(~90 %) veido udens, k& afn daAadi mineglie komponenti, organiskie savienojumi un
mikroorganismi, kuri piedab sapropi& arveidosaa.

Latvija viena no biedk izmantotagm sapropm klasifikacijam ir sapropka veidu
klasifikacija, kuta sapropelis tiek iedab atkatba no pelnaifbas, mineral@iska vai biologiska
sasiiva, kalcija un dzelzs okdiem saus@trijos tipos: biognais, klastiskais un jauktais sapropelis.
Savulart, kadrainais sapropelis ir biéga tipa, organognas klases sapropeveids, kura pelnaiba
ir zenmaka par 30 % un kura organigkvielas vaigk par 35% veido augsitie augi (Alksntis 1998).
Latvijas kogjie saprop&a k@jumi ezeros sastla aptuveni 800 — 900 milj. hiskat. 1. att.) (kcis
2003) un 1,5 milj. Mpurvos zem &dras sina (Brak$s un Mins 1960). Lieikais ezeru saprofe
atrachu skaits ir augstigi rajonos, sevid Latgales augstien bijuSap Rézeknes rajoln —
94,2 milj. n?, bij. Prelu rajors — 66,1 milj. n un bij. Daugavpils rajah— 65,3 milj. n? (Lacis
2003).
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N Rajonu numuri karté:
W$E 1. Liepgjas
. Ventspils

2,

3. Kuldigas
4. Talsu
5. Tukuma
6

7

8.

Sapropela izplatiba
ezeros (tOkst. m3):

20000

. Saldus

. Dobeles

. Jelgavas
9. Rigas
10.Bauskas
11.0gres
12.Aizkraukles
13.Jékabpils
14.Madonas
15.Césu
Dzelzi saturodais Krama‘igu 3 ;gbrmb#u

4 170 tikst m ; . Valmieras

91 101 takst m* i
Karbonatu Organiskais 18.Valkas
- 3 198 612 takst m® 19.Gulbenes
52 245 tikst m 20.Aldksnes
Silikatu

w Biogénais 21.Balvu
103 875 titkst m’ m Klastiskais 22.Preiju
m Jauktais 23.Rézeknes
24.Ludzas
Organiski-silikatu 25.Daugavpils
485 797 tokst m® 26.Kraslavas

1. attels. Sapropéa izplatba Latvijas rajonosge resursa daudzuma untipiem
(Stankevéa u.c. 2014)

Sapropelim ir daudzveigas izmantoSanas iegps (skat. 2. att.) —dvniedba, mediana,
balneolgija, tacu visplagk sapropeli iesgfams izmantot lauksaimnig®. Sapropg augstu
lauksaimniecisks izmantoSanas poteakti nosaka 2 humusvielu saturs. Humusvielas ir dab
biologiski notufigas organisis vielas, kas veidojas kiomisko procesu rezulta, sadaloties augu
un davnieku atlielem (Nikodemus u.c. 2008). Saprdpdrumnskabes ir biolgiski aktvakas nek
huminslkabes, kas izda@las no citiem mateaiiem, piengram, kKidras. Sevi§i daudz hurmnskabju
uzkrajas kidrainap sapropéal — aptuveni 30 — 48 % no organiskmasasJ{mutpuesa 2003), kas

parasti veido virgo sapropta shkni aizaugosos ezeroKypszo 2007).

SAPROPELIS
RUPNIECIBA LAUKSAIMNIECIBA MEDICINA
BUV- LIESANA SORBENTI LOPBARIBAS LAUKU MESLOJUMU BALNEOLOGIJA
MATERIALU NOTEKUDENU  RAZOSANA  IELABOSANA  RAZOSANA ——
RAZOSANA ATTIRISANALI AR SVAIGU
7 —_—— SAPROPELI
Keramika Forn."nE_:.sangs Ral_légu Augslgu” FARMAKOLOGIIA
. maisTjumi audzeSana kolmatacija —_—
Siltuma
un skar{{is KIMISKAS _Qranuléta_ . Au.gs_r,lvu
izolgjosie —® [JEIVIELAS majlopu bariba neitralize3anas .
materiali —_— lidzekli Pelofonometrija
Baribas piedeva
Betona Lo USRIET?)‘:‘R/’I\IS majlopiem un Organiski minerali
pildviela®™ —_ majputniem (granuléti)

maisTjumi

2. attels. Sapropéa izmantoSanas iegps (Stankevta un Kavins 2013).
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Latvija saprop&a izmantoSanas iegps lauksaimnigba ir pétitas Bulduru Rrzkopbas
tehnikuna vienu sezonu 1954./1955. gadkad augsnes &sloSanai tika izmantots R purva
sapropelis. Sadzinot ar kitsnmesliem, Lielupes sapropgél un augsni bez &slojuma, Spyu purva
sapropelis uzdija vislalkikos rezulitus — kartupki raza pieauga par 160 %,idainot ar kontroles
paraugiem, &postu raza par 175 %, bet bamk raza par 140 % (Vimba 1955)cl¥k, 1969. gad,
kolhoz ,Lielauce”, izmantojot granétu sapropk neslojumu, tika konstats, ka tas stimélaugu
augSanu laik neka minelméslojums (miezu razas pieaugums par 25 %, kaltupepar 56 %)
(bpakmr 1971). Valsts PrieHu laukaugu selekcijas ingtti 2013. gad tika petita sapropk
ietekme uz kartuga augSanu i&rném ,Prelma” un ,Borodjanskij rozovij”. No laukiem ar
sapropéa neslojumu tika nogkti kartupéi ar lielakiem bumbiliem nek no kontroles lauka (Zara
2014).

Petijuma nerkis ir izpetit redsu attstibu hidroponila sapropéa &idumos.

MATERI ALI UN METODES

Petjjuma tika analizta redsu Raphanus sativus Latistba hidroponik Pilvelu ezera
kudraira sapropta (skat. 1. tab.)kddumos, kas veido ezera nogulumu gjwsslani dziluma lidz 1
m. Retijjuma tika izmantots komergii iegadats A/S ,Spodiba” minealméslojums ,Vito” (3,5 %
kopgjais shpeklis, 2,4 % nitatu skpeklis, 1,1 % amonija gbeklis, 2,3 %aden &istoSais fosfors,
5,0 %uaden istoSais klijs, 0,65 % magnijs, 0,002 % bors, 0,0005 % var88 % dzelzs, 0,01 %
mangins, 0,0002 % molikghs, 0,003 % cinks) un komeitiiegadatas redsu Raphanus sativus L.

skirne Cherry Belle (agrofirma ,Séklos”, Lietuvagkéas.

3. attéls. Pilvelu ezera atrasas vieta.
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Pilvelu ezers (skat. 3. att.) atroda&Bknes novada Sakstagala pagastalR) d& km uz D
no Ciskidu ciema.Udens virsmas laukums ir 9,9 ha, gjals idens d4ums — 0,9 m. Saprofse
iegulas kajumi sasida 360 000 ) vidgjais sapropk skna biezums ir 4,5 m, ligkais — 7,0 m
(Alksnitis 1998). Sapropa paraugs tika iekts 02.07.2013, izmantojot 1 m garu kameras tipa

miksto ieZu urbi un uzglals nostgta konteined +4°C.

1. tabula. Pilvelu ezera kdraira sapropa raksturlielum(Bunere 2014).

Raditajs, meérvieniba Vertiba svaich sapropet
Mitruma saturs, % 95
Organisko vielu masas #a % 4,6
Karboratu masas da, % 0,1
Mineralo vielu masas da, % 0,5
Aktivais skbums, pH 6,105
Apmaipas skbums, pH 5,155
PO, ug/g 44.6
Biogéno elementu NOs, ng/g 622,8
saturs NO', ug/g 3,22
NH4", ng/g 120,13
HV saturs, mg/g 7,8

Huminskabju daudzuma noteikSana

Huminskabju daudzums svaiga saprdgeparaug tika noteikts, izmantojot 2 % KOH
Skidumu un 4 M HCI ar spektrometrijas metodi (Zalbalefil996).
Testa grdumu sagatavoSana

Katra tesi papildus Eidumiem ar svaigu sapropeli tika ®@stari Sidumi ar svaigu
sapropeli un minafmeslojumu ,Vito”. Test tika izmantots svaigs Pilke ezera #&drainais
sapropelis, kura daudzums tika d#ts, balstoties uz huimskabju saturu (7,8 mg/g svaiga
sapropéa), papildus ar&idumu grija ar pievienotu min@tmeslojumu 2 ml/L, atskaitekfdumi —
kranatdens un Kinaadens ar min@tmeslojumu 2 ml/L (skat. 2. tab.).

2. tabula. Test izmantoto Eidumu sasivs.
Sapropda Huminskabju

koncentracija koncentracija

Kontrole:adens - - -

Miner almeslojums

Kontrole: mine&lmeslojums - - 2 ml/l
320 mg/I 2,5 mg/l -
641 mg/l 5 mg/l -
897 mg/l 7 mg/l -

Svaiga sapropa suspensija 1025 mo/l 8 mg/l -
320 mg/I 2,5 mg/l 2 ml/l
641 mg/l 5 mg/l 2 ml/l
897 mg/l 7 mg/l 2 ml/l
1025 mg/I 8 mg/l 2 ml/l
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Raphanus sativus.. audzSana

200 redsu €klas pirms testa uzkSanas tika diedtas 7 dienas turast20,5°C temperata.
No visiem dgstiem tika atlagi 100 vesapakie, kurus, pa 10 augiem iestiprinot putuplasta
plaksres, ievietoja 10 testak&lumos drzkopbas kasis (skat. 2. tab.) (Laganowsky et al. 2009).
Kastes ievietoja augSanas kam&BWF 720 (BINDER, Vacija) ar programmu: 16 h 100 %
apgaismojums, tempefa +20C un 8 h 0 % apgaismojums, temperat+8C. Augi augSanas
kameé atradis 4 nedlas. Testal@dumi tika maifti 2 reizes neéla. Tests tika atktots 3 reizes.

Augu anakze
Augi tika analizti pec 7 @aditajiem — saku un lapu garums, sall un lapu svaigy masa un

sausmasa, hlorofila konceiittija lagas.

Saknes un lapas tika atttab ar skalpeli, nogmitas ar lin@lu un nosertas. Tad ds tika
ievietotas Zvskap +1053°C temperatra uz 4 stundm. Augu ddas tika ¥lreiz noswrtas, lai
noteiktu sausmasu.

Hlorofila daudzums augu lagp tika noteikts, izmantojot hlorofila daudzumarttaju SPAD
502 (Konica Minolta, UK) (Hawkins et al. 2009).

Datu statistisk apstde

Datu apstide tika veikta ar vienfaktora dispersijas anglAnova: Single Factor (p = 0,05))
Microsoff® Office Excel 200¥idz, rezultitu at&iribu bitiskums tika noteikts g funkcijas FDIST.
Rezultu atkiribas tiek uzskattas par tiskam, ja FDIST < 0,05 (Liepa 1974).

REZULT ATI UN DISKUSIJA

4. attla redzams, ka visgakas saknes asfjas redsiem &iduma ar svaigu sapropeli
atbilstosi hurinskabju (HS) koncen#icijai 8 mg/L (22,6 cm). Kopum redsiem bez
mine@lmeslojuma (MM) izveidojs gagkas saknes nakredsiem ar MM, téu atkiriba nav
statistiski litiska. Tas ir skaidrojams ar to, ka testos tikaamtots svaigs sapropelis, kas bez
minealmeéslojuma pievienoSanas satur augiem nepieciasdmarbas vielas (Stanketa 2011), kas
SpEj nodroSimt viennErigu augu atstbu visas testa grups. Sapropg kiduma ar HS
koncentéciju 5 mg/L redsiem afistijas isakas saknes ab &idumu grups (attieggi 19,7 cm bez
MM un 16,3 cm ar MM), jo babas vielu daudzums tika pemts pietiekam daudzura un sak@m
nebija pizstidze, mekEkjot bafdbas vielas. Arieprieks veiktajos ijumos, audgot redsusadens
Skidumos ar ram HS, kas tika izdalas no Siem paSiem Pilke ezera kdraina sapropta
paraugiem, HS konceatiija 5 mg/L tika at#ta par lab@ligako redsu augSanai (Bunere et al. 2013)
Izmantojot saproda suspensiju, lapu &tiba norisirajas viennerigi abu &idumu grupu ietvaros,
ka rezultata statistiski latiskas atkiribas grupas ietvaros netiek gostas, téu kopuna redsiem

attistijas gagkas lapas, pievienojaidens-saprofda suspensijai aMM.
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Bez mineralméslojuma Ar mineralméslojumu 2 ml/L
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4. attels. Redsu saku un lapu garuma vighs \ertibas §dumos bez un ar mingmeéslojumu.

(*statistiski katiski (FDIST < 0,05 pie p = 0,05) &iigas no kontrolesidens; **statistiski htiski
(FDIST < 0,05 pie p = 0,05) &tigas no kontroles: minagimeslojums 2 ml/l)

5. attla redzams, ka liaka saku un lapu masa ir réslem &idumos ar pievienotu MM.
Noverojama tendence, ka, HS koncaotjai pieaugot idz 5 mg/L, saku un lapu masa pieaug,
tatu, koncenticijai parsniedzot 5 mg/L, to masa samaanToner kidumos ar HS konceiatiju
5 mg/L un MM rezuliti statistiski litiski at&iras tikai noadens kontroles grupaskilumos bez

MM redisu saku un lapu atstiba ir saidzinoSi idziga un Iatiski viena no otras neafas.

Bez mineralméslojuma Ar mineralméslojumu 2 ml/L

35 - -3 5
3,0 4 . % % 13,0
25 }L L5
) &0
b s
< 2,04 2,0 «
£ £
« «
= =
S 15 15 2
« «
o0 20
g 10 Lo S
wn wn
0.5 - m . ﬂ*\ 0.5
0 m T T T T T T T T T T 0
0 25 5 7 8 0 ' 25 5 7 8

Huminskabju koncentracija (mg/L)
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5. atteéls. Svaigu retbu saku un lapu masas Wfhs \ertibas §1dumos bez un ar mir#meslojumu
(*statistiski katiski (FDIST < 0,05 pie p = 0,05) &iigas no kontrolesidens; **statistiski htiski
(FDIST < 0,05 pie p = 0,05) &figas no kontroles: minaiméslojums 2 mi/l)
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Safkdzinot redsu saku un lapu sausmasas ¥jgs \ertibas (skat. 6. att.), neviens no
Skidumiem neuzida statistiski btisku at&iribu pret kdu no kontrolesi@dumiem. Tondr kopuna
Skidumos ar MM saku un lapu sausmasa ir kikh nek sapropa-idens §idumos. Tendence, ka

HS koncenticija Iidz 5 mg/L retbu atistiba uzlabojas, bet tapsniedzot pasliktiais, saglabjas.

Bez mineralméslojuma Ar mineralméslojumu 2 ml/L
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6. attels. Redsu saku un lapu sausmasas #jigs \ertibas §idumos bez un ar mireméslojumu.

Lielaks hlorofila daudzums ir konsth$ augos, kas astijas bez MM (skat. 7. att.).
Skidumos bez MM rediem afistijas mazkas, tumsi zis lapas, betk&dumos ar MM lapas ir
lielakas un gaigkas. Lai gan aidribas ir redzamas gan &Hinot abas I&dumu grupas, gan ar
grupu ietvaros — als grugs visvaigk hlorofila ir augiem nol@duma ar HS koncereiju 5 mg/l —

rezuléti nav uzskatmi par statistiski dtiski at&irigiem.

Bez mineralméslojuma Ar mineralméslojumu 2 ml/L 20
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7. attels. Kopgja hlorofila satura redu lags vidcejas \ertibas &1dumos bez un ar

mine@lmeslojumu.
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SECINAJUMI

Labakie statistiski ticamie rezuiti ir iegati izmantojot saprodea-idens Eidumus ar
mine@lmeslojumu. Retku atistibai optinala saprop& humnskibju koncenticija ir 5 mg/L vai
641 mg/L svaiga saprojze redsiem ir gafikas lapas, lieka svaiga masa un sausmasa,ak
augsiiks hlorofila saturs. Sapropelis var tikt pielietétspapildus nislojums, nevis & patsivigs
meslojums, jo sapropeksods augiem nepiecieSas barbas vielas nesp nodroSirat pilnvertigu
augu afisttbu. Humnskabju koncenticijas 7 un 8 mg/L kavaugu afistibu.
PATEIC IBAS

Velamies izteikt pateibu LU BF deknam Nilam Rostokam un profesora@edertam
levinam, K& af ESF projektam “Starpdisciplina jauno ziatnieku grupa Latvijas purvu un to
resursu izptei, ilgtsggjigai izmantoSanai un aizsardai 1DP/1.1.1.2.0/13/APIA/VIAA/044” par

finansalu atbalstu.
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KOKU KVALIT ATES NOVERTEJUMS MEZAUDZ E
PEC MASINIZ ETAS KRAJAS KOPSANAS

Janis Petersons
Latvijas Lauksaimnigbas universiite, Akadmijas iela 11, Jelgava, Latvija
J-petersons@Ivm.lv

Abstract

Assessment of the Quality of the Trees in the ForeStand after Machine Operated Thinning
Thinnings are one of the most important factorsdifhg the development of high quality forest stariis study deals
with the assessment of the quality of the resiflu@st stands after performing thinning operatisits harvester-type
machines. The research presents the evaluatidreajuality and location uniformity of the resideraes of a thinned
forest stand. The uniformity of location of theiceml trees was assessed as the stand’s thicknd#feeent distances
from the strip roads. The tree quality indicatorfs tbe residual stand were assessed separatelnglighing:
mechanically damaged trees (trunk and root damagerasult of mechanized logging), trees with trdekects, trees
with crown defects, dry trees and healthy trees Tésults of the research show that the stands thereed non-
uniformly, since the stand had a smaller basal el@ser to the strip roads, but away from technicllgcorridors the
stands became denser. From the silvicultural pofnview the stands should be thinned uniformlyaih areas
regardless of the distance from strip roads, how#we specifics of machined thinning operationsicoessibility of
trees and sometimes hastiness of operators raghk improper distribution of trees across thedtaAs a result of the
research a qualitative distribution of the residinabs was obtained: healthy trees - 88.6%, twdt's mechanical
damages - 4.2%, trees with trunk defects — 3.08gstwith crown defects — 2.7%, dry trees — 1.5%mFthe results
obtained it should be concluded that the distridoutdf trees in the residual stands of the resedréiéng areas is
allowable and complies with the thinning regulatiom Latvia.
Key Words: thinning, harvester, tree quality, faresnd density.

IeVadSMeis ki ekolggiska sistma sa@ atfistbas cikh iziet vailkus etapus. Viens no
butiskakajiem ir vickja vecuma etaps, kad jauimezaudze top pieaugus mez. Vesturiski ilgi
valdija uzskats, ka Sajaika mezaudzes augSana ir paspietiekama uskaliidzdaiba Saj procea
nav nepiecieSama. Dazi mezkopji gan ieteicaakas priekSlikumus, piedmram, veidot mezaudzes,
pielietojot cirSanas p@mienus, torar domirgja viedoklis, ka koku izcirSana pirms cirtmeta nav
vajadZga. Ar laiku uzskati par mezkdpu mainjas, un tika atts, ka, pielietojot kopSanas cirtes,
var sekriigi veidot mezu un iag af papildus koksni tautsaimnigas vajadibam. Krajas kopSana
veicina koku kvalites uzlaboSanos, nodroSinot tiem pkas augSanas telpu. Kas kopSanas
merkis — dit maksimalus ierskumus no meza audkanas. Kijas kopSanas cis izvacami
neelamo sugu koki,apat galveas sugas slimie, bajie un nonaktie, maz\értigie starpaudzes koki
un, ja normavi pielauj, ar koki no galveas audzes (Buss 1981).

Paratli masinizcijas ievieSanai mezizattes darbos, aizkas meza masu pielietoSanu
ieteknEjoso faktoru izpte. Galveas izmantoSanas ciét masiniztas tehnolgijas uzdevums ir
nodroSirat atru un efekivu izcertamo koku apsidi un tehnikas frvietoSanos apgtinatajos
braukSanas apstlos. Savulrt, izdarot kopSanas cirtes,paSi svaigi, lai paliekod audzes da
butu vesela, nourSot iespjamos augsnesakafi atstjamo koku stumbru un sak bogjumus, &da
veida radot optimalus augSanas apkius nerka audzes turpakajai atistibai (AS Latvijas valsts
mezi 2008).
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Latvija krajas kopSanas cirSu izatlei pielieto sortimentu tehnglgu, kuras pamatir tris
darba opeditiju komplekss: sagatavoSana, pieveSana un izve¥ansnes sagatavoSanai Lalvij
izmanto motorzgus vai harvesterus, komhitiju procesors + moto#izi praktiski nelieto. Atkaiba
no ta, kadas magu kopas tiek izmantotas, das kopSanas cirSu izatle iedaima: masinizta
izstrade (sagatavoSanu veic harvesters, pieveSanu — fargrdun mehanéta izstiade
(sagatavosSanu veic ar motagem, pieveSanu — ar forvarderu) (%8li1997).

No mezkopbas viedoka ipasSi nommiga, izdarot kijas kopSanas cirti, ir harvestera
operatoru darba kvadite, no K atkafiga ar audZzu ves@a un raigums. TieSi WS iz\Elas
izvacamos un #ikotnes kokus, izutgjot situaciju kata konkrtaja audz. Turklat tas izda&msisa
laika sprdi, dazlart pat sevigi apgfitinoSos apgklos, kad ploss negaiss, zil®, pastipriati |st,
ka afi diennakts tumsajlaika un kad koku vainagos sakusies bieza sniegaaka u.t.t. hdg]
harvestera operatoranaapdist nepiecieSaas ziraSanas meZzkapa, lai, izmantojot audzes
moddus, vip$ vagtu noteikt optinalo robezu, idz kurai piéaujama konkitas audzesl&rslaukuma
samaziasSana.

Darba markis: masinizti izkoptap mezaudz nowrtét atstto koku izvietojuma
vienmerigumu un atgto koku kvaliti.

Materi als un metodika

Petijjuma izmantotie dati iedkti laika no 2008. gadadz 2010. gadam. Inforfaija petijumu
pamatiazei iegita 12 daZdas km@jas kopSanas cirsis, AS “Latvijas valsts mezi” Zemgales un
Vidusdaugavas meZzsaimnibka teritorig, kur iefikotas 660 parauglaukumu kopas. &majumos
izmantoti 3 Latvii popublrako marku un mode kopSanas cirSu harvesteri: John Deere 1070,

Ponsse Beaver un Valmet 901.4. (skat. 1. tab.).

1. tabula. Petijjuma objekti

= e E
N (o] o —
~ 4 % s 2 S g 5 £
] . . [l (] i + A
S‘ lecirknis = k= S .@ = % @ IS Harvestera. marka,
p > o3 < B ¥ 80 © modelis
' (@] o >S5 O =
Z T =
1 Klives 134 10;11;13 12/ 10P 20 Ln John Deere 1070d
2 | Engures | 287 2?&%‘3; 114| 5E58 | 20 | Dm:Vi| John Deere 10704
3 Tervetes 245 4 1.8 8P2B 19 Ln John Deere 1070d
4 Skaistkalnes 408 11:15 1.6 10E 15 Dm John Dd@rédL
5 Skaistkalnes 389 19 2.1 10P 16 Dm Ponsse Beaver
6 Skaistkalnes 386 6 1.4 10P 20 Ln Ponsse Beaver
7 Engures 552 4 3.1 8P2E 19 Dm  John Deere 1070d
8 Engures 118 5 1.2 7E3B 17 AS Ponsse Beaver
9 | Vecumniekul 108 7:8:9 6.1 8P2E 15 Mr Ponsse Beaver
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— = =
~ % \_g g 2 S g% g
. ! @ = - A
S‘ lecirknis = S S @ = % @ IS Harvestera. marka,
p > o3 < ¥ 80 © modelis
Y (@] o n >S5 O =
P T =
10 Misas 111 17 5.3 8E1B1Ma 18 Dm Valmet 901.4
11 Livbérzes 13 1 12.2 10P 23 Dm John Deere 1070d
12 Tervetes 125 4 4.8 10E 20 \Vr John Deere 10j70d

Visas Etamajs cirsnas koku izvietojums ir izklieets. Audzes, kur koki izvietoti riras,
Sap darta nav [gtitas. 1. tabual redzams, ka ggsvai visas izrauditas cirsmas atrodas saugie
mezu tipos. Tas das ar noiiku, lai izségtu daadus blakus faktorus, kas etu ietekngt
harvesteru darbu iz#ginajumos unidz ar to arpétijjuma rezulitus.

Pirms izstides katra cirsma tikatpigi sagatavota. Vispirmsép tradicioralas slemas
ieziméti tehnolgsiskie koridori — 20 m starp tehn@isko koridoru centriem, tehnaisko koridoru
platums - 4.0 m. Lai ii veiktu racionli, visu iz\veléto 12 cirsmu konfiguicija ir taisnsitirveida,
kas vienkirSo atseviku izmeginajumu veikSanu. Cirsmas &ma un tehnolgisko koridoru izstides

sed@ba skaima 1. attla.
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1. attels. Tehnolgisko koridoru izstides setba izneginajumu cirsnas

Pec &ida veida cirsmu izstdes izkoptay audz ierikoti taisnsiirveida parauglaukumi; katra
plaitba 100 m? (skat. 2. att.): divi ngge — PL2, PL3 un cerdlais parauglaukums, kas atrodas
pusslejavidusdda — PL1.
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2. attels. Parauglaukumu izvietojuma&ha

Visas etijuma ieklautaps cirsnais parauglaukumi un tehngliskie koridori ietkoti ta, lai
parauglaukums PL3 atrastosatpjusslej, kuru harvesters izanla uz nekopis audzes pusi, turpret
parauglaukums PL2 — pusglgkuru izstada uz izkoptis audzes pusi.

Veidojot parauglaukumus, mezaudzes stg@p tehnolgiskajiem koridoriem saddé tfis
viemadas ddas. Rirsvag slejasplatums ir 16.0 m, unidz ar to katra parauglaukuma malas garums —
5.3 m. Lai parauglaukuma pib& sastditu 100 m?, otras malas garums ir 18.87 m. ada ko
cirsmas parauglaukuma Viet slejas platums ir lieks vai ar mazks, tad attiergi rindas malas
garums noteiktsatls, lai katra parauglaukuma plad visos gagumos itu 100 m2. Parauglaukumi
katra cirsma izvietoti tada veida, lai vagtu apsekot 40-50% no cirsmu phats, bet cirs@s, kuru
platba farsniedz 5.0 ha (1.; 2.; 9.; 10. un 11.objekt®)lj parauglaukumi aiemtu 20% no cirsmas
kopplaibas. Kopura ierikoti 660 parauglaukumi. Katrparauglaukum pec cirsmas izstdes tika
noteikts atgito koku skaits, kas aorekinats uz hekira (koku biezums). Vienlaigi ar biezuma
nowerteSanu cirsmu parauglaukumos, dréti paliekodis audzes koku kvadites &ditaji, atseviki
nodalot:

» melaniski boptos kokus ( stumbra un sakbogjumi masiniztas mezizstides rezulta);

> kokus ar nepilfgu stumbra formu;

> kokus ar vainaga defektiem, kas izveidojuSies anaséaili;

» sausos kokus;

» veselos, nebajos kokus.
Sadi koki uzskaitti katras cirsmas parauglaukumos, proca@intaprekinats audz palieko3o,
nekvalitatvo koku daudzums un izd#s to sadajums pa vainu veidiem. & tam iegtie dati

ievadti datorprogramra SPSS 17, kur tie tika statistiski agsiiti izmantojot T - testu.
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Rezultati un diskusija.
Veicot gradcijas klasu satlzinajumu (skat. 2. tab.), konstas$, ka hitiskas izkopto audzu
biezuma afi§ribas ir starp abiem niilem (PL3 un PL2) un ceriiio (PL1) audzu parauglaukumu,

ko uziada ar 3. at€la ticambas interli.

2. tabula. 1zkoptaj audz atstjamo koku skaita salzinajums (T-tests)

Paraug- 95% ticanibas
g Standart{ Standart4 . . . : _
laukumu t . _ Vidgjais intenals
novirze klada —— .
grupas ’ Zemakais | Augsikais

PL3 20.994 135.443| 39.099 821 134.777 906.889
PL1 25.550 149.658| 43.203 1104, 1008.745 1198.9
PL2 17.938 137.850| 39.794 714 626.248 801.419

N
N

1200.00— -1

1 000.007 -

800.00 T

600.007

400.00— 821

Koku skaits, ha™ / Number of trees, ha -

200.00

0.00 T T T
PL3 PL1 P12
Parauglaukumi / Sample plots

3. attels. Izkoptas audzes neviergnigums attietha pret tehnolgiskajiem koridoriem

3. atkla redzams, ka dadi izvacamo koku aizsniedzatras apgikli ir par iemeslu tam, ka
mezaudzes slejas vidugg@la starp tehnol@iskajiem koridoriem turprkai augSanai atai bitiski
vairak koku nelk slejas mals blakus tehnolgskajam koridoram. ddejadi mezaudze ir izkopta
neviennerigi, galvenolart koku neaizsniedzaias, masinitas kopSanas tehngligas nepilnbu
un, daZlrt, operatora pavitBas @].

Rezultti par audz atstito koku kvalititi redzami 3. tabalun 4. ala diagramna.
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3. tabula. Paliekods audzes koku kvaliaais sadajums pa cirsram
Koku Vidaji AtbilstoSo koku sadglms pa cirsram, %

kvalitates 0

akswroums| % | 1| 2| 3| 4| 5| 6/ 7/ 8 9 10 1 12
Sausiekoki | 15 | 23| 2 | 08| 24 071 06 0B 17 11 38 02 1.7
Arvainaga | . | 55| 21| 39 0d 4| 34 34 271 18 22 31 34
defektiem

Ar stumbra 3 [ 21| 34| 14 46 27 21 33 4 51 18 |2 39
defektiem

Ar

mekaniskiem | 4.2 | 49| 3.8| 57| 3§ 42 28 64 39 29 37 43 41
bojajumiem
Veseliekoki | 88.6 | 88 | 89| 88| 89 83 91 86 88 89 89 90 &7

Kopa 100 | 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100| 100

Sausie koki;
1,5

Ar vainaga
defektiem; 2,7

Ar stumbra
defektiem; 3,0

Veselie koki;
88,6 Ar
mehaniskiem
bojajumiem;
4,2

4. attels. Palieko&s audzes koku sadmms [Ec to kvaliGtes

AS “LVM” izstradatas kvaliites pratbas kijas kopSanas cimn nosaka, ka ¢ krajas
kopSanas cirtes biaip kokuipatsvars nedkst @rsniegt 5% no paliekoSo koku skaita. Apskatot 3.
tabulas datus, redzams, ka Sis&kijg ir parsniegts tikai digs no divpadsmit cirsam, tatad var
pienemt, ka vidji Sis raditajs ir normas robess.

PaliekosSie koki ar neviendagu stumbra formu vai vainaga defektiem parastiertéyami
vizuali, péc tam apgkinot, cik tadu koku ir uz hekdra vai nosakot procertli. Slikta stumbra forma
attiecirama uz kokiem, kuru stumbri ir izteiktiki — vienpu%ga vai daudzpusga ltkumainba.
Savukirt bieak sastopamie stumbru defekti ir saarsaun mizas ieaugumi, ko izrajgsi davnieku
bojajumi, retik koku slimbas — @zis. \ertejot atstito koku stumbrus,aposkaidro, cik koku ar

stumbra formu defektiem auglzbijis pirms kopSanas un palicissg kopSanas. Biezi praks
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vérojama sitacija, ka pat 2/3 no audzes kokiem ir ar sliktu dtwnformu. Sa& gadjuma nav
iesgEjams visus &us kokus izekt, jo tad audze idu parak izretimta un tiktu @arkapti kopSanas
nosagjumi.

Audzes sausie koki ir atmirusi, un to augSana staggsies, ide] izkoptaps audzes das
Sadi koki nav atstjami. Toner harvesteru operatori, stajot diennakts tumsajlaika, biezi tos
neie\ero.

Pedgja laika Latvijas mezkoppa aktiala ir tendence - jau kas kopSanas citizraudzt
saglalajamos ekolgiskos kokus. Tas notiekiaAS “LVM” apsaimniekotajos mezZos, un par to ir
informati art harvesteru operatoria@i atsevigi zaraini, aripatrgjam stumbra un vainaga foam
mezaudz saglalati ekologiskie koki var dégji ietekmet petijuma rezulitus.

Nemot \era ieprieksS teikto un apskatot 4. @t paliekods audzes koku sadaimu [Ec to
kvalitates, seciams, ka Sajs cirsnis tads tas ir pitaujams un atbilst Latvijpienemtajiem kijas
kopSanas cirSu izpildes nogamiem.

Secirajumi

1. Atskirigie izvacamo koku aizsniedzabms apgikli ir par iemeslu tam, ka mezaudzes slejas
vidusdda - starp tehnolgiskajiem koridoriem - turp@akai augSanai tiek ats hitiski
lielaks skaits koku (no 15%idz 35%), nek slejas mais, blakus tehnolgskajam
koridoram. Rdgjadi mezaudzes tiek izkoptas neviemgi.

2. Harvestera operators, @iajot mezaudzes tehngiskaja koridord, abas piegulas
pusslejasaredz aldrigi: pussleja, kas atrodas blakus izditajai audzes dai tiek izkopta
intengvak nekd pussleja virziem uz neizstidatas audzes pusi, da s atkiribas nav
butiskas.

3. lzpetes cirsms palieko8s audzes koku kvadites iz\ertgjums [Ec attieGgajiem Editajiem
atbilst kigjas kopSanas cirsSu izpildes nogamiem Latvij.
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Abstract

The aim is to the identification ef — lactalbumingene LAA) polymorphism and to analysis of the genotypecstme
in population of Latvian dairy cows, and also te tiheterminations of the effects bAA genetic variants on milk
production traits. Blood and sperm cells sampled4 &8 living individuals of 6 different breeds frobatvian dairy
farms and representing different ages were gendtypesulting in  0.0417 — 0.2927 frequency of Aelalland in
0.7073 — 0.9583 frequency of B allele accordinghef each breed. GenotypesL#A were determined by Polymerase
Chain Reaction and Restriction Fragment Length motphism (PCR — RFLP) analysis of several dairyledtreeds
in Latvia. In our research the PCR products wegestied with the restriction enzyrvinll. We did not distinguisihAA
genotype AA in any breed of our research. The disgoof o — lactalbumin allele A in Latvian dairy cows’ pdation
is critical in the content of genetic resourcestylam Brown and Latvian Blue) preservation. In oesearch we also
stated that. AA genetic variants A and B did not show the sta@étsignificant increase of a yield of the milk aaido
did not upraise statistically significantly a partge and a yield of the milk fat or percentage wietd of the milk
protein..

Key Words: dairy cowsy — lactalbumin, polymorphism, milk productivity

Kopsavilkums

Govju alfa - laktalbumina (a-LA) genetisko variantu ietekme uz piena produktivitati
Petijuma nerkis ir o — laktalburina gna (LAA) polimorfisma identifiéSana un slaucamo govju pogtijas genotipu
strukiiras anaki Latvija, ka af LAA gergtisko variantu ietekmi uz piena produktiti#s &ditajiem, veicot @tijumu
Latvijas Lauksaimnia@bas universittes (LLU) Lauksaimniebas fakulites (LF) Molekuiras gergtikas fEtijumu
laboratorip (MGPL). Masu (Etijuma izmantopm 168 asins un spermasnél paraugus no 6 dadam slaucamo govju
Skirném Latvija, parstavot dazda vecuma dzniekus, nosakotAA genotipus, kur ales A frekvence fikata robe#s
no 0.0417 — 0.2927 unctés B frekvence 0.7073 — 0.9583, atkamo irnes.LAA genotipus notefsn ar polimesizes
kedes reakcijas un restrikcijas fragmentu garumunpaifisma (PCR — RFLP) anal vairakam slaucamo govju
Skirnem Latvija. Polimeazeskédes reakcijas produktiem izmariaj restrikcijas erimu Mnll. Petijjuma nevienam
petamajam objektam neizdigds LAA genotips AA. Misu Etijuma konstagjam, ka LAA gergtiskie varianti A un B
nepaaugstina statistiskiatiski piena izslaukumu, nepalielina statistiskitiski piena protsu (%, kg) un arpiena
taukus (%, kg). .
Atslegvardi: slaucands govisa — laktalbunins, polimorfisms, piena produktigie

Introduction

More than 95% of proteins contained in ruminantdkrare coded by 6 structural genes,
now well characterised (Martin et al. 2002). A m&ceevision of milk protein nomenclature (Farrell
et al. 2004) indicates the &;-casein, 4as; - casein, 12 - casein, 11k - casein, 118 -
lactoglobulin, and 3 - lactalbumin variants within the cattle speci€siginally the ancestral
alleles of caseins werg;-casein Cog,— casein Af — casein A2x — casein A, but from whey
proteins, genes of the common ancestor werdactalbumin B an@ — lactoglobulin B, and those
still predominant irBos indicuswhile very important shifts have orruredBos Taurus.
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a — lactalboumin ¢ - LA) is a multifunctional protein synthesizedthre mammary gland, and
its immunological properties have modestly testeldre et al. 2003)LAA gene occurs in cattle on
the BTA 5 g21 chromosome (Hayes et al. 1993) armbses linkage with the lysozyme gene
located in the g23 band of the same chromosomen(ketval. 1992). It consist of four exons and 3
introns. The complete amino acid sequenceas-ofactalbumin alleles A and B were determinate by
the group of a scientist Brew (Brew et al. 197@)is a single chain polypeptide of 123 amino acid
residues, a recent revision of the milk protein eaolature (Farrell et al. 2004: 1645) indicates 3
variants (A, B and C) of - lactalbumin within the cattle species, well dwerised (Formaggioni
et al. 1999). Allele A differs from B by a singlelsstitution of glutamine (GIn) for arginine (Arg) a
position 10 ofLAA LAA was found to be polymorphic in Zebu populationgestigated, allele B
being always predominant over allele IBAA appears to be monomorphic in northen European
breeds, while allele A is present in Africaiaurine populations and in breeds of southern Europe
(Mahe et al. 1999). The frequency criterion dedigeBAA allele B as the original variant of the
genusBos(Caroli et al. 2009)but when the amino acid residue at position 1044 alleles A and
B are compare, allele B, with arginine (Arg), isemiical to LAA of the Italian water buffalo,
Bubalus arne€Addeo et al. 1976) and of the Bali catfles javanicugBell et al. 1981) while allele
A of LAA, with glutamine (GIn), is identical with sheep agwht proteins (McGillivray et al. 1979;
Gaye et al. 1987). The age of heifers at firstioglvs related to the variant of— lactalouminfi —
lactoglobulin LGB) andk — casein CSNJ (Jairam, Nair 1983), because heiferd A genotype
BB, LGB genotype AB an€SN3genotype AB are younger than heifers with otheroggpes at the
start of first lactation. Keeping in view the impamce of milk quality in the economy of Latvia
husbandry and to study the genetic variability agndairy breeds, our study was to identify the
occurrence of polymorphism at — lactaloumin locus in breeds. Molecular genetesearch in
animal production began only in recent years, WwitlA Molecular Genetics Research Laboratory’s
development. Gene assited selection could help @ndlyze and to implement new standards for
dairy livestock breeding to improve the productywif cows, average milk yield, protein quantity,
protein content of the total amount and qualitgamy farming of Latvia.This research is a novelty
in population of dairy cows in Latvia.

Materials and Methods

Cows were chosen at random from each herd in LatMi@ blood was taken from the
jugular vein, and was collected in KEDTA coated sterile vaccutainers, and storecd2ét’ C until
used for DNA extraction. Samples of sperma we goinfthe Sigulda Station of Breeding and
Artificial Insemination (Sigulda CMAS) of Latvia.hEe research has done in the Laboratory of
Molecular Genetic Researches of Faculty of Agrimatof LUA (Latvia University of Agriculture)
in Jelgava (Latvia).
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DNA was extracted using the modified PUREGENE ® DNBdood and tissue Kit
(QlAgene, USA), and DNAeasy Blood @Tissue Kit whiwdd extracted by QIAcube technology
(QlAgene, USA). The amplified product includes raatldes 657 to 822 of tHeAA gene (BTAD),
and it was amplified using primeisAA forward5’- CTC TTC CTG GAT GTA AGG CTT - 3 and
LAArevers5’- AGC CTG GGT GGC ATG GAA TA 3’ from methodology of.aboratory of J. F.
Medrano and updated by Gonzalo Rincon (Milk PrateRCR Protocols 2005) and Mao (1994).
TheLAAalleles were identified using the PCR - RFLP (Payase Chain Reaction and Restriction
Fragment Length Polymorphism) method which is senphpid and effective for animals of any
sex age, thus permitting the inclusion of milk pinotgenotypes into selection programs. The PCR
reaction elaborated by Mao (Mao 1994) was modiéied containing 10mM magnesium chloride,
1X PCR buffer,0.2 mM dNTPs (Fermentas, Lithuania), 18 of each primer and 0.12 U Taq
DNA Polimerase (Fermentas, Lithuania). The amglifmn was carried out in Applied Biosystems
2720 Thermal Cycler with the following amplificatioconditions:95 °C for 10 min (initial
denaturation), then followed 45 cycles with denaiion at 95 °C for 30 sec, annealing at 60 °C for
30 sec, and extension at 72 °C for 30 sec witmal &xtension of 72 °C for 10 mi&amples of
PCR products (25l) were digested witivnl | endonucleaséecognition sitt GAGGNNNNNN)
according to the manufacturer's recommendationsrni{Eptas). Restrictive fragments were
separated on 4 % agarose gel with ethidium brorti®eul EtBr 100 mi* of 4 % agarose gel).
Electrophoresis was used for visualisation of #stricted DNA bands (60V, 150 min, 133 mA) in
0.5X TBE buffer. The amplified PCR product was 16f in length. According to the
polymorphism, 36 bp, 52 bp, and also 78 bp fragmehtdigested PCR product refer to allele A,
and allele B specific polymorphism creates an amlth digestion site for endonucledgal | the
fragment of 52 bp, and 114 bp fragment result. A¢erozygous genotype has four bands after the
electrophoresis separation — 36, 52, 78 and 114 bp.

The alleles’ frequencies were calculated by ushegappropriate diallele locus expressions,
where the allele’s A relative frequency was dedigthas p, and the relative frequency of B allele -

as g.We obtained the p and g expressions:

p :2D+H (l) and q 2R+H (2)’

2N 2N

where
D, H, R -the number of individuals with genotypes AA, AB aBH;
N - total number of animals in the analysis;

2N - total number of alleles in the analysis.
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Calculations were made by the Microsoft Office Hx2@07 standard package assistance,
but the computer program package TFPGA (Tools fgouiation Genetic Analyses,Version 1.3)
was used as a population genetic basis of the acguof testing (Miller 1997). The allele
frequencies were estimated by simple allele cogntatcording to the Hardy - Weinberg
equilibrium (Falconer et al. 1996). Also with the computer paogrpackage TFPGA were
calculated Nei‘'s Genetic Distances oALA gene of distribution alleles A and B in cows’
population of Latvia.

Productivity data and indexeMlilk recording results of cows and of bulls weretanbed

from the state agency ‘Agricultural data centreD@) which organize milk recording and is
responsible for the genetic evaluation of dairylean Latvia.

Statistical analysisData analysis was performed using the GLM procedy the SAS

program package (SAS, 1998). The estimated leastreg means were compared using Scheffe’s
multiple range test. The following statistical mb¢general linear model) was used to analyze milk
production traits (milk yield, fat yield and prateyield, fat and protein content) of cows, where

each trait was analyzed separately:

Yik =n+ G + B + g, (3),
where:
Yiik = individual observation of milk production traits
u = overall mean,
Gi = fixed effect ofu - lactalbumin genotype,
Bk = fixed effect of breed group,
g = random residual effect.

a - lactalbumin genotype included 3 genotypes: A&, @nd BB. Calving years were from
1993 to 2012, from 1994 to 2012 and from 1996 tb220espectively for S|, 2" and & lactation
cows. Breed group included 2 classes.

Given statistical model without fixed effect of yeaseason of calving also were used to test
the effect ofu - lactalbumin genotypes on different breeding gahdexes (selection, productivity,
health and conformation) of bulls, where each indas analyzed separately.

Results and discussion

For research of bovine - LA protein gene had used dairy catle from thdivildual dairy

cattle herds whose owners breed dairy cows arollngegions of Latvia, also included native

breeds of Latvian Genetic Resources — Latvian BlZ¢ and Latvian Brown (LB) dairy cows.
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Clarifying the influence of genetic forms of milkrotein genes regarding to the milk

productivity features the data of 619 animals waée to use, including the data of 545 cows
(Table 1) and 74 bulls (Table 2).

Table 1.Analyzed dairy cows’ breeds for effects of polyntugm on productivity in Latvig2012)

Breed Cows
Name Denomination Number of % of total numbe

Latvian Brown LB 293 53.8
Latvian Blue LZ 153 28.0
Holstein Black and White HM 47 8.6
Danish Red DS 37 6.8
Holstein Red and White HS 5 0.9
Swiss Brown OB 1 0.2
Dairy crossbreed XP 2 0.4
Cows of unknown origin XX 7 1.3

Total 545 100

We analyzed all the basic used bulls of Sigulda GViand cows from local 81 herds

selected on Latvia territory. Latvian Brown breadrépresented in numerical superiority and it

amounts to 293 LB cows or 53.8 % of the total numifeexaminated dairy cows. Also a native

breed of Latvian Blue (LZ) represents high numerieael, 153 cows or 28 % of the total number

of examinated dairy cows.

There were used breeding value indexes from 31 dfuHolstein breed (in the 1st breed
group) with data of 673 daughters’ records from B8id, and 5 bulls of Red breed group (in 2nd
breed group) with data of 990 daughters’ recordmfB96 herds (Table 2).

Table 2.Grouping of tested bulls among the breeds andeglgtoups of breeds
for polymorphism of milk protein gen¢2012)

D

Breed Group of Bulls
Name Code Breed Number of % of total numb

Holstein Black and White HM 1 26 35.1
Holstein Red and White HS 1 8 10.8

In the ' breed group: 34 46.0
German Red (Angler) AN 2 4 5.4
Danish Red DS 2 13 17.6
Swedish Red and White ZS 2 3 4.1
Latvian Brown LB 2 20 27.0

In the 2° breed group: 40 54.0

Total 74 100.0
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The bulls used for this study have passed natigaaktic evaluation in April 2012 with the
average reliability of 92 % (Holstein breed) and®@Red breed group) for all traits.

Relationships reviews of the milk protein genetariants and milk production of the 1st
lactation shows (Table 3) that milk yield in 1sttition is relatively high, milk yield have in the
range of 5724 - 7844 kg.

Latvian Blue (LZ) cattle breed that has retainech&ie Resources breed heifers average
milk yield is one of the lowest (3840 kg, Table Bypwest fat content have for Holstein Black and
White breed heifers (3.91 %), but highest fat conte for Holstein Red and White breed heifers
(4.65%). Lowest protein content (3.25 %) and akgocbntent is lowest have for dairy crossbreed
breed (4.16 %), but this crossbreed have a highiistyield (7844 kg).

Table 3.The productivity of dairy cattle — heifers (rankibg breeds)

Breed | Production traits of the 1st standart lactation
Code Related| - 2 | Milk yield, Fat I_Drotein Fat Protein content
group kg yield, kg | vyield, kg | content, % %
HM 1 42 6833 266.3 229.0 3.93 3.37
HS 1 5 5724 263.2 202.1 4.65 3.55
LB 2 279 5890 259.7 201.5 4.43 3.41
DS 2 35 6434 293.1 225.0 4.58 3.50
OB 2 1 6083 278.3 206.7 4.58 3.40
XP 2 1 7844 326.1 254.9 4.16 3.25
XX 2 7 6299 274.8 223.0 4.37 3.54
LZ 3 128 3840 165.4 127.6 4.32 3.33

Remark (Table 3HM — Holstein Black and White, HS - Holstein Raald White, LB — Latvian Brown, DS — Danish
Red, OB — Swiss Brown, XP — Dairy crossbhreed, Xeows of unknown origin, LZ —Latvian Blue.

In order to analyze the relationship between mitotgin genetic variants and milk
productivity traits, in the statistical model havsed related breed groups for exclusion the effect
a variety (Table 3 and Table 4). This grouping shthe differences between the productivity traits
of 3 related groups, and that means that breednsld take into account the effect of- LA
genotypes when evaluate the productivity resultsvéen different breeds of dairy cows. These
groups showed differences in the productivity $aiand breeders should consider the milk
productivity impact assessments of protein genetr@ants.

Analyzing the effect ofi - LA genotypes on the productivity traits for texd (Table 5) we
ascertain that heterozygous heifers have hightiéryald.
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Table 4.The productivity of dairy cattle — heifers (rankibg related groups)

Related Production traits of the 1st standart lactation
roup of n Milk yield, : Protein yield,| Fat content,| Protein
gbregd k{:; Fat yield, kg kg ’ % content, %
1 47 6715 265.9 226.1 4.00 3.39
2 323 5964 263.9 204.7 4.44 3.43
3 128 3840 165.4 127.6 4.32 3.33
Total 498 5489 238.8 186.9 4.37 3.40

But homozygous BB heifers have higher fat conteh2( %) and protein content ( 3.39 %)
in milk (Table 5). Heifers of AB genotype have héghmilk yield than heifers of BB genotype
(diference +157 kg), and heifers of BB genotypétte Ibit lag behind in the milk fat yield (- 0.6

kg), and also lag behind in the milk protein yiél®.6 kg). But heifers od - LA genotypes AB and
BB do not significantly outperform.

Table 5.Effect ofa - LA genotype on the productivity traits of 110rgeheifers (;< + S)

. a - LA genotype

Trait B BB
Milk yield, kg 5570 £ 242.4 5413 +165.3
Fat yield, kg 225.3 £10.58 2247 +7.22
Protein yield, kg 187.0 £ 8.50 183.4 £5.80
Fat content, % 4.10 £0.102 4.21 £ 0.069
Protein content, % 3.37 £ 0.045 3.39 + 0.030

Dataanalysis of study of ™ lactation confirmed the data of*lactation (Table 5) about
productivity traits, butx - LA genotypes AB and BB do not show statisticalignificant effects on
the milk productivity in noone trait of"@standart lactation (Table 6).

Table 6.Effect ofa-LA genotypes on productivity of'2standard lactation (20125<(t S)

. a-LA genotypes (n = 94)

Trait AB BB
Milk yield, kg 6355 + 302.9 6406 + 198.2
Fat yield, kg 267.4 + 14.27 279.2+9.34
Protein yield, kg 213.7 £10.42 218.0 +6.82
Fat content, % 4.24 £0.122 4.38 £ 0.080
Protein content, % 3.39 + 0.050 3.42 +0.033

Analysis of the data for thé®3actation productivity traits confirmed the resuttf I and

2" |actations, and it did not show statistically sfigant diferences between the productivity traits
of a — LA genetic forms AB and BB (Table 7).
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Table 7.Effect ofa - LA genotypes on the productivity traits of 3tdredard lactation
(n=67,2012) £ + &)

. a - LA genotypes

Trait AB BB
Milk yield, kg 6928 £437.1 6749 £ 287.9
Fat yield, kg 299.7 £19.42 305.5+12.79
Protein yield, kg 237.8 +15.02 229.2 £9.89
Fat content, % 4.35+0.129 4.51 £0.085
Protein content, % 3.43 +0.062 3.40+0.041

Influence of the bovine — LA genetic variants on the breeding value estsaf breeding
bulls have tested for 45 bulls (Table 8). Milk resiag results of bulls (2012) were obtained from
the state agency ‘Agricultural data centre’ (LDQ)igh organize milk recording and is responsible
for the genetic evaluation of dairy cattle in Latvi

Table 8.Estimated 2 related groups of bulls of local brefedshe polymorphism
of a — lactalbumin gene in Latvia (2012)

Genopypes Group of the breed
1. 2. Total
AA 1 - 1
a— LA AB 14 2 16 45
BB 20 8 28
Total 35 10 45 -

Data analysis was performed by grouping bulls io tywoups of breeds, according to the
breeding value assessment methodology. In our ghelyst related group of the breed joined 31
Holstein bull, but in 2nd related group of the lat¢@ined 5 bulls of Red breeds (Table 2). In Table
12 have a fact those homozygous bulls.6fLA genotype AA have only 1 bull of Holstein brke
(HM), but in related group of Red breed populatiomone of the bull ofi — LA genotype AA.

Table 9 summarizes estimates of the related grafipgsreed effects on breeding value
indexes of bullsWe analyzed those bulls that were included in teaegfc evaluation of 10
daughters’ indicators and these daughters shouild b@ herds.

Table 9.Least square means of breedirlg value indexes darthted breed groups of bulls

(X £3)
Index . Group of breeds
Holstein ( 1) Red (2)
Selection Index 108 5.5 104+ 9.4
Productivity Index 9x 7.2 104+ 11.5
Health Index o9& 12.4 100t 11.0
Conformation Index 112 2.7 105+ 4.2
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Selection, productivity, health and conformatioderes were not significantly affected by
the related groups of breeds, however, there wihd@dency that bulls from the related group of
Holstein breeds have higher conformation index, blts from the related group of Red breeds
have higher selection, production and health indexe

Table 10 summarizes estimatesaof LA genotypic effects on breeding value indexés o
bulls. Analyzing relationships between LA genotypes AA, AB, BB and 4 breeding valueerds
do not show statistically significant diferences the a - LA genotypes, however, there was a
tendency that bull witlu - LA genotype AA had results with minus effect on milklg and on
protein yield of daughters productivity (Table 10).

Table 10.Milk productivity traits of daughters Least squareans of breeding value indexes of
o - LA genotypes of bullsX + S)

. a - LA genotypes
Traits AA AB BB
Milk yield, kg - 66+ 334.0 374 124.2 44# 81.8
Fat yield, kg 7.%14.0 12.3+ 5.19 15. 74 3.42
Protein yield, kg -4.89.84 6.7+ 3.66 15.2+ 2.41

In DNA samples (n = 168) of local cattle breeds ¢lkamination found that frequencies of
a- LA alleles A and B for bulls are 0.200 and 0.800,dibicattle population 0.128 of allele A and
0.872 of allele B (Table 11).

To compare with our study cows and bulls we fourat tn the cows’ population desireable
allele B frequency have increased to 0.898 (Tal)e Le. about + 0.098.
If we view that so far these frequencies of alledee not selective controlled and the results
identified a gene drift, then the question remamsyever, which resulted in the allele B frequency

prevalence, which we found in the data of our regea

Table 11.Comparison of frequencies of bovine LA alleles in Latvian dairy cattle
population (2012)

Results
Frequences of Hardy - Weinberg
Genotypes All population Cows Bulls

(n = 168) (n=123) (n =45)
AA 0.01 0.00 0.02
AB 0.24 0.20 0.36
BB 0.75 0.80 0.62
Total 1.000 1.000 1.000

Alelles

A 0.128 0.102 0.200
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Results
Frequences of Hardy - Weinberg
Genotypes All population Cows Bulls
(n = 168) (n=123) (n =45)
B 0.872 0.898 0.800
Total 1.000 1.000 1.000

In fact, comparison of frequencies of bovine LA alleles in Latvian dairy cattle population

accepts results of different researches in Europk shows very similar frequences of Hardy -

Weinberg (Caroli et al. 2009).

Conclusions

1. Using modified molecular genetic methodology by POR-LP have posibility to ascertain

a — lactalbumin genotypes AA, AB and BB in DNA sae®l(n = 168) of 6 local cattle
breeds the examination found that frequencies eflactaloumin alleles A and B for bulls
are 0.200 and 0.800, but for all cattle populafic?8 of allele A and 0.872 of allele B. We

did not recognize genotype of AA for none cow (h23).

. Frequency ofi — lactalbumin allele B is four times higher thae frequency oé- LA allele

A. The reason which caused the prevalenae @A allele B is not known yet.

. Latvian dairy cattle population is in the genetgu#ibrium, but with tendency to fixation

statea — lactalbumin allele B.
Our research accepts that- lactalbumin have not a statistically significafitect on milk

productivity traits.

. Analyzing relationships betweem - LA genotypes AA, AB, BB and 4 breeding value

indexes do not show statistically significant diffieces by the. - LA genotypes, however,
there was a tendency that a bull of MH breed withLA genotype AA had results with

minus effect on milk yield and on the protein yielithis daughters productivity.
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VIDES ZIN ATNES / ENVIRONMENTAL SCIENCES

DABAS LIEGUMA ,PILSKALNES SIGULDI  NA”
UDENS VIDES KVALIT ATE UN TO IETEKM EJOSIE FAKTORI
Vija Frida
Daugavpils Universitte, Pafides iela 1, Daugavpils, Latvija, LV-5401
vija.frida@gmail.com

Abstract

Quality and the factors influencing agquatic envirorment in the Nature Reserve "Pilskalnes Siguldia”
Nature Reserve “Pilskalnes Siguldr is created to retain the unique valley formedsblpglacial processes, as a diverse
but unitedly functioning complex of ecosystem witries of gullies and water bodies, and its biaditae (natural
biotopes, rare and protected species).
Nature Reserve "Pilskalnes Sigulall is included in the Natura 2000 network, but riure conservation plan,
individual usage and protection rules has not teggroved yet. Nature conservation plan was devdlap005 but
due to its deficiencies it was not approved. Culyethe plan is outdated and additional researdah @rrections are
necessary.
The river Dubupte flows through the whole subglacial channel d$lgilne — through eight lakes and Nature Reserve
"Pilskalnes Siguldia", for that reason it can be used as a factoggtmation of environmental quality.
The aim of the study is to investigate aquatic Emment quality in Nature Reserve "Pilskalnes Siga" and to
determine it's influencing factors.
The results of the study indicate that the maihuericing factors in Nature Reserve "Pilskalnes I8iga" are of
anthropogenic origin, i.e. tourism, pollution, eoaric activity.
Key words: Nature reserve ,Pilskalnes Sigulali, Nature management plan, water quality, influgmgcenvironment
factors.

levads

Dabas liegums ,Pilskalnes Sigujd!’ ir biologiski loti daudzveithaipasi aizsargjama dabas
teritorija, kurai piekirts Eiropas nounesipaSi aizsargjama dabas teritorijas (NATURA 2000)
statuss unat atrodas likstes novadl Pilskalnes pagast(skat.1.att.). Dabas liegums ,Pilskalnes
Siguldina” tika nodibirats 1999.gagl bet idz Sim nav apstiprits 3s teritorijas dabas aizsaitlas
plans un individdlie aizsard@mbas un izmantoSanas noteikumi (Pilskalnes SigaldD12).

llikstes novada ilgtgpigas afisttbas straigija 2013. — 2030.gadam dabas liegumu
.Pilskalnes Siguldia” ir planots afisfit ka atpitas un rekracijas zonu (liikstes novada ilgt§jigas
attisibas straggija 2013. — 2030.gadam, 2013).

Dabas liegums “Pilskalnes Siguldi’ ir izveidots, lai saglatiu subglacilo procesu veidoto
unikalu ieleju ar gravu unadens objektu virkni, X daudzveitu, bet vienoti funkciogjosu
ekosistmu kompleksu aras biolggisko daudzveitbu (dabiskie biotopi, rés un aizsargamas
sugas) (Junkurs 2005).

Caur visu Pilskalnes subglalm iegultni tek Dubupie, kas iztek no Dgenes ezera un ietek
llikstes up. Dubupte tek caur astoem ezeriem un dabas liegumu ,Pilskalnes Sigaltitapec ta

var kalpot par vides ®tokla kvalitates &ditaju.
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Petfjluma merkis — noskaidrot vides faktorus, kas ietekrdabas lieguma ,Pilskalnes

Siguldina” udens vides kvaliti.
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1. attels. Dabas lieguma ,Pilskalnes Siguld’ geogafiska lokalizacija.

Pétfjuma uzdevumi:
1. apkopot informiciju par agik veiktajiem g @tijumiem dabas liegum ,Pilskalnes
Siguldina” un potendilajiem piegarnojuma avotiem;
2. veikt Dubuptes un Rubgu strauta biolgiskas tdens kvaliites noteikSanu go
saprobifites indeksa metodes;
3. saldzinat iegitos rezulitus ar 2004.—2007.gadBaibas Vucenlazshes veikto ptijumu
rezul@aitiem (Vucenlazane 2007);
4. izvertet dabas liegumu ,Pilsklanes Sigujdi’ ietekngjosos vides faktorus.
Materi ali un metodes
Udens biolgiskas kvalitites noteik$anai tika izmantota makrozoobentosazuesaprobittes
indeksa metode (LVS 240:1999), kas tika pielietdupte 2012.gada 25.apt un Rubau straui
2012.gada 11.novembiUz vietas tika noteikts, upes tips, gultnes nadsstmakroftu flora, krastu
stavoklis u.c. parametri. dpat ar hidrometriskajiem gminiem SWOOFER-300@ka noteikts upes
straumedgtrums, kas, fc metodes pielietoSanas nogamiem, nedikst hit Ienaks par 0,1 m'S
Makrozoobentosa paraugu #$anai tika izmantots si@8 ar acs iz@ru 1x1 mm. Lai
ievaktais matefils daudzpugi atspoglotu upes faunu, paraugu #$ana notika visas upes

skersprofila. levaktie paraugi ar pincetes pdtibu tika @rvietoti traula ar aizskaivéjamu vaku. Lai
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paraugi saglaitos ilgaku laiku, tiem tika pievienots 4% formah %idums. Paraugi tika

transporgti uz Daugavpils Universites Ekolgijas instifita laboratoriju, kur ar saidens

bezmugurkaulnieku noted palidzibu tika analizts ievaktais matefils un noteikta saprolates
pakape (Urine un Urins 1997; Gruberts 2003).

Saprobifites indeksu agkina pec formulas:
s 2.5xh
2N

kur: S - saprobites indekss;

s - i-tas sugas individilais saprobittes indekss;

h; - i-tas sugas relatais sastoparbas biezums paraa@LVS 240:1999).

Sakotrgji uz Dubuptes tika izeletas piecas makrozoobentosa paraugaki&anas vietas, kas
sakrita ar B. Vucenlaztes 2004. — 2007.gada parauguaksanas vietm (Vucenlazdne 2007)

bet darba gaittika noskaidrots, ka 2012.gada 25iApnetodes pielietoSanas nogamiem (LVS
240:1999) (straumegrums > 0,1 m’3) atbilda tikai divas naam:

* Dubupte pie atjptas lazes ,Dubezers”;

augSpus Dubezera (skat.2.att.).

| N
’ !
& W \} —
- /‘\
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/s 2 / '
W J
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2. attels. Makrozoobentosa paraugu #$anas vietas Dubttp un Rubeu straui.

Rubew straui lidz Sim netika veiktiidens biolgiskas kvaliites @tijumi, tapec tie ir

noZimigi kopejam priekSstatam par dabas lieguma vides Ktalivz Rubau strauta tika izslétas
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divas paraugunemsanas vietas, kas atbilda metodes pielietoSarsagjomiem (straumestrums >
0,1 m$&Y:

» Pie iztekas lejpus Pilskalnes ciemata,;

* pirms ietekas Dubdfe (skat.2.att.).

Dubupte iegatie rezulati tika saidzinati ar B.Vucenlazanes iegtajiem rezulitiem 2004.—
2007.gad (Vucenlazdne 2007).

Dabas lieguma ,Pilskalnes Siguldi’ kartogifiskais mateiils tika gatavots izmantojot
ESRM ArcGIS 10.1.Kartogifiska materiila analzei tika izmantotas bijas PSRS 1963. gada
Armijas genealStaba topogifiskas kartes raroga 1:10 000 (PSRS MEeodzijas un kartodifijas
galveras ..., 1967). Infrastruktas (apdwoto vietu un cRi izvietojumam) apmeSanai tika
izmantotas 2005. gada Latvijgeotelpiskis informacijas a&enftiras (LGIA) ortofotokartes raroga
1:10 000 (Latvijageotelpislas infornacijas aenfiras ortofotokartes, 2005).

Rezultati

Dubupite

Veicot makrozoobentosa saprab#ts indeksa apkinu, tika noskaidrots, ka Dubiips
udens saprohites pakpe Sobid swarstas no 1,44 1dz 1,54 viefbam un ir \&rte§jama k& o3-
mezosaproba. a8a saprobiites pakpe atbilst ram lidz vaji piesarnotam adenstegm. AtbilstoSi
2010.—-2015.gada Daugavas upju baseinu apgabalamapseoSanas pha virszemesudenu
kvalitates &ditajiem upju tdensobjektiem, Dubdfes tidens kvaliite pec saprobites pakpes ir
vertegjama K augsta (Virszemesdenu kvalitates &aditaji upju... 2009).

2012.gada 25.apit ievaktajos makrozoobentosa paraugos tika kobtstatka visvaiik
Dubupte sastopam divemi (Diptera) — ko tika ievakti 81 ipatnis (skat.3.att.). Mamie
izplafitakie taksoni ir makstene3ichopterg un strauteneP{ecoptera — pa 17ipatiem.
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3. attels. Dubupte 2012.04.25. konstétie makrozoobentosa taksoni uripatsvars
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Saidzinot 2012.gada 25.afir iegitos rezulitus ar 2004.-2007.gada reztikm
(Vucenlazdne 2007), var konst@tt ka pEdejo piecu gadu laik Dubuptes tdens biolgiska
kvalitate ir uzlabojusies. Paraugemsanas viétpie atfitas tazes ,Dubezers”, saprobtes indekss
ir mairijies no 1,73 — 1,82 uz 1,44 (skat.4.atéjlefadi saprobiites pakpe ir mainjusies nop-
mezosaprobas, kas atbilstgjipiesarpotam tidenstegm, uz of-mezosaprobu, kas atbilstatm
[1dz vaji piesarpotam tdensteém (LVS 240:1999).

1,8
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1,2

0,8 1,73 1,82
0,6
0,4
0,2

1,44

Saprobitates indekss
[EnY

2004.10.07 2007.05.27 | 2012.04.25 ‘

Atpatas baze "Dubezers" ‘
Paraugu ievaksanas laiks un vieta
4. attels. Dubuptesiidens saprolites pakpes maiiba pie atptas lazes ,Dubezers” laika posin
no 2004.10.071dlz 2012.04.25. (Vucenlazde 2007).

Lidziga sitdicija ir vérojama af paraugu nem3anas viét augdpus Dubezera. Seit

saprobifites indekss ir maijpies no 1,93 — 1,86 uz 1,54 (skat.5.att.).
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5. attels. Dubuptesudens saprohites pakpes maifba augSpus Dubezera laika pasmo
2005.10.27.1bz 2012.04.25. (Vucenlazde 2007).
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Rubenu strauts

Veicot makrozoobentosa sapraias indeksa apkinu Rubau straud, tika noskaidrots, ka
udens saprokites pakpe ir 1,96 un 2,34 atir vértgjama l& f-mezosaproba ua-B-mezosaproba.
Sada saprobittes pakipe atbilst @ji piesarnotam un \aji piesarpotam lidz piegrpotam tdenstegm
(skat.6.att.).
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6. attels. Rubeyu strautaidens saprokites pakpes maitba lejup pa straumi 2012.11.11.

AtbilstoSi 2010. — 2015.gada Daugavas upju baseipgabala apsaimniekoSanagngl
virszemesiudenu kvalitates &ditajiem upju tidensobjektiem Rulp@ strautatdens kvaliite, fEc
saprobifites pakpes, ir rtejama k laba un vidja (Virszemesidegau kvalitates &ditaji upju...,
2009).

2012.gada 11.novembievaktajos makrozoobentosa paraugos tika kobistaka visvaiik
Rubeyu straui sastopami divgmni (Diptera) — koga tika ievakti 41 ipatnis (skat. 7.att.). akamie
izplafitakie taksoni ir makstene3ichopterg un \&zveidgie (Crustaced— pa 1Zipatiem.
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7. attels. Rubequ straui 2012.11.11. konstétie makrozoobentosa taksoni uripatsvars.
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Galvenais dabas liegumu ,Pilskalnes SiguddiietekngjoSais faktors irrisms. Tirisma
infrastruktira ir izveidota 20.gs. 80.gadu basgun beZpa%m izmaham kalpo at Sobid. Lai gan
pedejos gados ir grojama firisma intensites samazisaras (skat.8.att.), dazos posmos nolig
tarisma infrastrukiira un saposmatreljefaipatribas (skat.9.att.) veicinarisma radto ietekmi uz

zemsedzi un koku sa&m, ki ari veicina nogZu procesu
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8. attels. Dabas lieguma ,Pilskalnes Sigujdi’ apmeketaju skaita dinamika no 2008.gade4
2012.gadam (Formanicka 2012).

Paaugstiats nodZzu sipums veicina nagfu procesu aktiviSanos un nogulumr
ieskaloSanos Dubig un ezeros. Lieka dda dabas lieguma teritorijas atrodas uzazdg, kuru

slipums vaig no 10° idz 32° atamei un ir \ert€jamas ki stivas nogzes (skat.9.att.
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9. attels. Dabas lieguma ,Pilskalnes Siguidi’ nogizu sipuma karte
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Gravu nogzu sipums veicina erozija riska pieaugumu — plakaisin izskalojumvagu
erozija norisi@as pat iegrojot agrotehniskos noteikumus, vakses gravu erozija. Pie 16° atzes
veidojas interiwa erozija virs 20° atmes var atsftities nosideni un noplideni. No saimniecisks
darlibas viedoka &das teritorigs nav ieteicama ritgraktoru vai tehnogna izmantoSana, aizliekta
meza izcirSana (Maldawt al. 1981; Zets, Markots 1999).

Erozijas procesu rezath upe tiek ieskalots erc#lais matedls, kas var ietek@t tdens
fizikali-kimiskos &ditajus — ddkainibu, mineraliZcijas palpi, ka af biognu sasivu un
koncentaciju, it ipasSi ja apkrt esods teritorijas tiek izmantotas lauksaimniegs vajadibam.
Taristu @rvietoSaias bez speélas infrastrukiiras ir praktiski neiesjjama un rada sgigu ietekmi
uz nogizes procesiem, veicinot to eroziju.

Vel viens nozmigs ietekngjoSais faktors ir atftas laze ,Dubezers”, kas atrodas dabas
lieguma cen#aja dda. Seit bieZi notiek masu pasImu organizdana, pierram, Jnu sviresana,
Melna kalna s¥etki, llikstes novada stki u.c. Paskuma apmekitaji atstaj sadaves atkritumus un
veicina augja izbradiSanu. Atpitas laze tiek iaréta banketiem un to var wét cauru gadu.

Vel viens nozmigs ietekngjoSais faktors ir Pilskalnes ciema tadietekme. Pilskalnes
pagast dzavo 1107 iedwotaji (péc iedavotaju registra datiem uz 31.12.2012.). Daudxst
dzivojamas majas Pilskalnes ciemir pieskgtas kopjam kanalizcijas tklam (skat.10.att.), bet
vienstas savu kanaliziju organiZ patsivigi, un tas, cik labi tiek atfti vienstu notekideni, nav
zinams.

\ Apsenni
“. 7288 Udensapgades artéziskais urbums

\ Udensvads
\.,__7 — Kanalizacija

— . <
4 4 \ — = — - Ciema robeZas

10. attels. Pilskalnes ciema centradiza tdensapgdes un kanaliacijas sktma (llikstes novada
teritorijas Pilskalnes pagasta ... 2007).

Pilskalnes ciema ie@zotaji dabas lieguma teritodjir veicinajusi afl dabas piegnoSanu ar

sadaves atkritumiem un biolgsko neslojumu (skat.11.att.).
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"

11. attels. Dabas lie

. § ;vqf ) - - o %
gura ,Pilskalnes Siguldia” teritorijas piedrnoSana ar sadlzes atkritumiem un
biologisko neslojumu. Foto O.Rds, 2012.

llikstes novada teritorijas golojuma 2007.-2019.gadam &igna teritorijas izmantoSanas
un aplaives noteikumos ir nadits, ka dabas lieguma ,Pilskalnes Siguy&di tuvuni ir septhas
piesirpotas vai potenadli piesarnotas vietas (skat.1.tabula), kas variragtekmi uz aizsaggamo

dabas teritoriju.

1. tabula. Piesirpotas un potenali piesarpotas vietas dabas lieguma ,Pilskalnes Sigadtuvuna
(Ilukstes novada dome 2007).

Vietas nosaukums, kadastra| Kadas pied@rnojoSas | Laika periods, PI_aQOJum_a .

- . ~ . | paredzetas teritorijas

Nr. darbibas veiktas | kura darbojas .
Zongjums
56. Lacplesis Degvielas uzpildes | I1dz 1993.9. Lauksaimnidua
kad.Nr.4480 008 002 stacija izmantojan teritorija
59. Pilskalne Kimikaliju noliktava idz 1993.9. Lauksaimnidaa
kad.Nr.4480 008 0021 izmantojan teritorija
72. Rubai Bijusa ferma Lauksaimnieba
kad.Nr.4480 008 0022 izmantojam teritorija
76. Sexi Liellopu novietne, Lauksaimniecisk
kad.Nr.4480 008 0258 katsneslu kiatuve, razoSana
virca, skibbaiiba

87. Meluniskas darbficas Snervielas, dlas RazoSana
,L acplesis”
kad.Nr.4480 008 0298
91. Notekidenu parsiknéSanas | Sadiaves notekdeni Tehnisko objektu
stacija aplives teritorija
kad.Nr.4480 008 0399
92. Lopkautuve ,Help” Neatiritie notekideni Sabiedrisko dajumu
kad.Nr.4480 008 0022 zona

Mehaniskas darbiicas ,Lacplesis” un lopkautuve ,Help” atrodas Dubiigs sateces basejn
Pilskalnes ciem ne&lu no Rubaa strauta pietekas (skat.12.att.). Laiku pa laillskalnes ciema

iedZvotaji novero neparastas putas Pilskalnes ciefiyas] kuru izcelsme nav noskaidrota.
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|:|Savrupnﬁju davojanas
aphives teritorijas;
EDaudzdivoklu dZvojamo naju
aphives teritorija;

EDaﬁjumu objektu aptives
teritorija;

Ipasi aizsargjamas dabas
teritorijas;

ﬁ\\. Valsts aizsargiamais kultiras
piemineklis;

A\ pagvaltbas nomes kultiras
objekts;

94 Y Aizsargijamais dabas
piemineklis;

@ . . .
11 piegrnota vai potendii
piegirnota vieta

12. atels. Pllskalnes ciema terltorljas pasr‘(qmzmantosana (Pilskalnes ciemata teritorijas
pasreigja izmantoSana, aizsargjoslas 2007).

Par ciema un poterito piesirpotaju (metaniskas darbiicas ,Lacplesis” un lopkautuve
.Help”) ietekmi liecina ar Rubenu strauta biolgiska adens kvaliite (skat.6.att.), kas ir par dm
ieddam zenaka, saidzinajuma ar Dubuptestdens biolgisko kvalifti.

letekmi uz dabas lieguma ,Pilskalnes Sigu#d” tdenstilprm un tdenstegm rada divi
dambiji, kas regél Dubezera un Tartaka ezdrdens imeni. Ja abu dambju n&i, abutdenstilpu
hidrologiskais refms stipri atgirtos no tagaejas sitlicijas, piendram, Tartaka ezers vak
atgadinatu purvu. Solid abi dambji ir neaemama Dubuges hidrolgiska reZma sagivdaa un to
demongSana var ratl neparedzamas sekas, kuratulpladik jaizpsta. Sobid augsjais dambis pie
atpitas lazes ,Dubezers” ir novecojis un ir kritiskséavokli. Tuvakaja laika butu nepiecieSams
veikt dambja rekonstrukciju.

Secirajumi

e Dubuptesudens kvalilite pec saprobites pakpes ir \értéjama la augsta.

¢ Rubeau strautaidens kvaliite pec saprobites pakpes ir \ertejama K laba un vidja.

e Galvenie dabas lieguma ,Pilskalnes SigtidiietekngjoSie faktori ir antropognas

izcelsmes:itrisms, piesdrmojums.
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Abstract

Development of linear erosion features, i.e. @litgl ephemeral gully in July 2013 in the valley igér Dviete on the
slopes composed of coarse glaciofluvial sedimeetmitted to carry out research by application afaigs methods in
order to obtain data elucidating the forcings a$ #rosion event. For these purposes geomorphalogicl geological
field studies were realized in the study site ledahear farmstead “Drazi” in vicinity of Bebrenen addition
application of high-precision GPS and desk-basedies including GIS for identification of runoff fhavays was done.
In order to establish the relationship betweenfadlimtensity and development of rills, meteordlzj data registered
by a VantagePro 2 weather station located nearsthdy site were analyzed. Obtained results indictitat the
formation of erosion incisions was as response #&teorological and anthropogenic forcings. In thésec erosion
process was triggered by extreme rainfall withristyy 23.4 mm H in July 18, 2013. However, the concentration of
runoff and subsequent formation of rills were caubg anthropogenic impact, i.e. presence of smailrslope-
orientated microdepressions, which were previotmigned by soil cultivation and imprinting of trackem the use of
agricultural machinery.

Key words: linear erosion, glaciofluvial sedimerttse valley of river Dviete

Kopsavilkums

Linearas erozijas veidojumu atistiba uz glaciofluvialu cilmieZu augsreém Dvietes ielea: reakcija uz

meteorolggiskiem un antropogeniem ietekmejoSiem faktoriem

Linearas erozijas veidojumu, t.i. izskalojumvagu un eferns gravas atstiba 2013. gadaujija Dvietes ielej uz
nogaizem, kas veidotas no rupjgraudainiem glaciofiiligm nogulumiem,lava veikt kompleksu ijumi, lai
noskaidrotu 30 erozijas procesu izijaisos faktorus. Sim amkim petfjumu teritorij, kas atrodas pie viegtas ,Drazi”,
Bebrenes tuvum tika veikti geomorfolgiskie ungeologiskie lauka ptijumi. Papildus tam augstas predcits klases
GPS pielietojums un kanmie petijumi ar GIS izmantoSanu tika veikti, lai ident#ta noteces konceraras vietas.
Ar mérki noskaidrot savstagjo saisibu starp nokrigu intensisiti un linearas erozijas formu veidoSanos, tika angtiiz
VantagePro 2 meteordliskas stacijas dati, kura atrodas @iegetijumu veikSanas vietas tuvamlegitie rezulfti
pamda, ka erozijas iegrauzumu veidodmmotikusi meteorolgisko un antropogno faktoru ietekra. Saji gadjuma
erozijas procesu izraja 2013. gada 13iijja notikug ekstrenla lietusgize, kuras intengite bija 23,4 mm 1. Torgr
noteces koncert$aras un tai sekojoSa izskalojumvagu veida&air saistta ar antropogno ietekmi, t.i. nelielu, pa
nogazi lejup \erstu padZinajumu Kklatbatni, kuri pirms tam ir tikuSi izveidoti augsnes #apdes laik ka
lauksaimnietbhas tehnikas ritau sliedes.
Atskegvardi: lineara erozija, glaciofluvili nogulumi, Dvietes ieleja

Introduction

Development of linear erosion features, e.qg. alisl ephemeral gullies as landforms made by
concentrated water flows are widespread in agucallicultivated landscapes in many countries. As
the most severe form of soil erosion by water fdromaof rills and ephemeral gullies alongside
with development of permanent gullies causes depledf soil resources and degradation of
agricultural lands; hence formation of linear eoosfeatures is ranked among other environmental
problems (Valentin et al. 2005). In addition, thpsocess has negative off-site environmental
impacts due to delivery of eroded material fromdvester catchments to receiving water objects

where in turn it accelerates processes of siltadioth eutrophication (Poesen et al. 2003; Wu et al.
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2008). Simultaneously, transferring of runoff framplands to streams and lakes reduces water
guality because of inflow of pollutants such asrieats and agrochemicals (Valentin et al. 2005;
Quilbé et al. 2006). Moreover, these matters mayime a more serious problem throughout the
world, also in Latvia, considering the potentigluence of global climate change on formation of
surface runoff and soil erosion processes (Poesan 2003).

Considering facts mentioned above, it is essetdiahrry out studies focused on these issues
in order to obtain reliable data in terms of batkestific and applied aims, e.g. to understand the
triggering mechanisms of linear erosion and miggdéie pollution of water related to soil erosion.
In such context development of linear erosion feston clay- or loess-derived cohesive soils are
studied thorough the world and is well documentedaientific literature (Vandaele et al. 1996;
Casali et al. 2000; Nachtergaele et al. 2001; Poeseal. 2003; Gong et al. 2011). However,
formation of erosion incisions on sand- and gralesived soils characterised by high rate of
filtration remains poorly documented, thus the ekte which controlling factors of this process are
currently studied is insufficient.

The aim of the study presented in this paper getansight into aforementioned matters and
on the basis aofletailed field- and desk-based studies to elucitte@dorcings and controlling factors
of formation of linear erosion features in a casel site in the valley of river Dviete. The specif
objectives of the study discussed herein were ¢1¢arry out geomorphological and GPS field
studies and to obtain situ data on the morphometric characteristics and gpedoication of erosion
features; (2) to perform GIS analysis for idenéifion of runoff pathways and extraction of
topographical characteristics on the basis of DE¥&d(3) to elucidate the forcings and controlling
factors that led to development of ephemeral garig rills.

Material and Methods

Development of ephemeral gully and rills in sumr@ei3 in the valley of river Dviete on
the cultivated slope composed of coarse glaciadlusediments permitted to carry out complex
research by application of such methods as capbgreand meteorological data analysis, field
studies, global positioning system (GPS) and geatgcainformation system (GIS) techniques in
order to obtain data elucidating the forcings a$ trosion event. First of all, geomorphological

>y

and geological field studies were realized in thulg site near farmstead “Drazi”, which is located

in south-eastern part of Latvia (Fig.1A ), in vigynof village Bebrene.
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Figure 1. Location of study site in Latvia (A) and detailgdographic sketch of location of study
site and Daugavpils University automatic weathatiah VantagePro 2 (B)

Field studies were applied for obtaining of reldvayeological, morphological and
topographical characteristics of erosion featunesitu. During field studies the depth, width, léng
and channel gradient of the incisions were measbsedtandard geomorphological techniques
(Goudie et al. 1998) and conventional survey meth&dirveying of precise location was done by
TRIMBLE high-precision GPS model Pathfinder ProXRTThe measurements of channel gradient
of erosion features were performed by precise aihped AngleLevel clinometer (error 0.5°)
placed on the rod of 1 m length, hence reducingachpf microtopography (Young et al. 1974).

Meteorological data on temporal distribution aniivsity of precipitation in July, 2013 was
obtained from Daugavpils University automatic weatktation VantagePro 2, which amongst other
28 parameters registers also rainfall intensity.ailver station geographically is located close to
study site (Fig.1B), hence measurements of thisostacan be referred to place where erosion
features were studied. Analysis of meteorologiehdvas performed to identify rainfall extremes,
thus to establish the relationship between intgradifprecipitation as controlling factor on the one
hand and development of erosion features on ther bignd.
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Finally, desk-based studies including application ESRI software ArcGIS 10.0 for
identification of runoff pathways and extraction tofpographical characteristics on the basis of
digital elevation model (DEM) data were carried.dte high-accuracy DEM appropriate for such
analysis was generated from airborne laser scasmkeiDAR (light detection and ranging) data,
which were collected by foundation “Institute fomEronmental Solutions”. Acquisition of LIDAR
data were performed in 14 July, 2011 from altita@80 m by laser scanner Optech ALTM Gemini
mounted on aircraft Vulcanair P68 Observer, obthidensity of LIDAR point cloud was 5 points
m. The LiDAR point data, where each point has atték in form of XY coordinates and Z value
representing elevation, were used to generate E&Rilar grid raster DEM with 1x1m grid-cell
resolution. Contours, slope gradients and runafivflines were generated by the tools of Spatial
Analyst software from the DEM for deriving linearosion features network and its comparison
with field data.

Results and Discussion

In the study site system of rills and ephemerallygibrmed by linear erosion were
documented in Autumn 2013 after the vegetationogerihe system consists of several erosion
incisions which have dendritic pattern and wellsonced colluvial fan (Fig.2A). Field survey of
such morphometric characteristics as width andhdepthese incisions indicates, that according to
classification of erosion features (Hauge 1977) t¢eatral incision refers to ephemeral gully
(Fig.2B), i.e. its cross section exceeds 1 sq. o093 M, whilst smaller branches refer to rills.

Figure 2. lllustration of studied system of rills and epheahgully on the cultivated slope (A) near
farmstead “Drazi” in vicinity of Bebrene. Light mdtes (lower part of photo A) indicate colluvial
fan at the ephemeral gully outlet. Note the preseoic downslope-orientated microdepressions
previously formed by soil cultivation and impringinof tracks from the use of agricultural
machinery. Human figure for scale. White rectarmiethe slope indicates the location of middle
part of ephemeral gully with box-shaped cross eaand subvertical sidewalls showed in part (B).
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The system of studied incisions is formed by enosvent on the right slope of the river
Dviete valley. This area, including study sitec@nposed by deposits represented mainly by coarse
sand and gravel with pebbles. According to datgexlogical mapping (JusSkei et al. 2003),
these Quaternary strata are presented mainly ldibdeolLate Pleistocene glaciofluvial sediments.
Data given in literature (VSS 1999) indicates thaits developed on such glaciofluvial sediments
are characterised by high permeability with filivatrates 0.05 — 0.0005 rit.sRecognition of this
fact raises question about the controlling factaevkjch trigger the formation of linear erosion
features in such environment.

Since the second half of the"™@entury, when a scientific background for wateysen
guantification and predicting was established, eodcepts of rainfall erosivity (Wischmeier and
Smith 1958) and rainfall thresholds (Reed 1979)enafined, precipitation has been recognised
within the range of other climate factors as a mdyving force of erosion landforms formation
(Vanwalleghem et al. 2005). In such context, fokall climatic factors were studied. Considering
that, meteorological data on precipitation obtaifgdDaugavpils University automatic weather
station VantagePro 2 were analyzed. Formationn&ali erosion features near farmstead “Drazi”
was recognized in July 2013, hence data on amauhtrgensity of precipitation for this month
were analysed in details. Obtained results shoasrionthly distribution of precipitation in July
was unequal and that at least two heavy rainfaltsig i.e. on July 13 and 18, when total amount of
precipitation exceeds value of 20 mm dd¥ig.3A), which according to data reported in takated
literature (Starkel 2002) corresponds to hydromelegical extremes.

Extreme rainfalls of high intensity and relatedni@ation of a Hortonian runoff have been
recognized in literature as one of the most impriactors that trigger linear erosion (Poeseri.et a
2003). Thus implicitly the formation of linear eros features near farmstead “Drazi” was
associated with heavy downpour. In order to idgnpfecisely the meteorological conditions
leading to erosion event, more detailed analystsoofly intensity of rainfall on July 13 and onyul
18 was performed. Mathematical processing of tiserckeed meteorological data demonstrates that
on July 13 the storm rainfall with maximal intensifp to 9.0 mm 1 did not exceed filtration rates;
hence the threshold value for formation of overlélodv was not reached. Whereas on July the
storm rainfall with maximal intensity up to 23.4 nii exceeded filtration hence causing formation
of a Hortonian runoff and associated linear erogi@spite the high hydraulic conductivity of

glaciofluvial sediments and fast absorption ofifglrain.
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Figure 3. Meteorological data recorded by Daugavpils Uniigrautomatic weather station
VantagePro 2: daily precipitation in July 2013 (Apurly rainfall intensity on July 13, 2013 (B)
and hourly rainfall intensity on July 18, 2013 (C).

Despite the fact that precipitation erosivity cddted for south-eastern Latvia on the basis
of mean monthly or annual meteorological data caediimated as low (Soms 2011), field studies
and reported data (Soms 2006) demonstrate preséngell-developed gully erosion network in
the upland areas in this part of the country. Tbembtion of linear erosion features on the
glaciofluvial sediments in the valley of river Digealso indicate the possibility of erosion events,
despite the low calculated values of modified Fauindex (Soms 2011), which are 1.5-2 times
less than the thresholds reported in the litera(@®RINE-CEC 1992; Gregori et al. 2006) as

sufficient for the initiation of linear erosion.
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The reason for the above mentioned discrepancy beannterpreted by the fact, that
formation of linear erosion features occurs as aongephic response to extreme
hydrometeorological events which, due to their andocal geographic distribution (Starkel 2002)
or low probability of occurrence, very often havet ibeen recorded by meteorological stations.
Consequently, such rare erosion causative evertglofmagnitude are not included in calculations
of mean precipitation values, leading to inadeqeatduation of erosivity.

Data reported in the related literature (Vandadlale 1996; Nachtergaele et al. 2001;
Poesen et al. 2003) demonstrate that developmengofly network is highly controlled by several
geomorphological factors, e.g. slope gradient,apesidrainage catchment, etc. In order to estimate
the role of these factors as natural forcings witghsed formation of linear incisions in the study
site, field survey and desk-based GIS studies wertormed. Obtained results demonstrates, that
ephemeral gully and rills developed on the slopth wiclination 6° — 10° or average slope gradient
S=0.2 mni",

In order to identify the extent to which the inittan and development of erosion incisions is
determined by geomorphological controlling factbe obtained results were compared to the data
recently described in the literature related to thasting geomorphic threshold conditions
influencing gully initiation. For this purpose, thenpirical relationshipS = aA® between the
upslope drainage catchment ar@a &énd critical slope gradient (S) of gully initiati first defined
by Patton and Schumm (1975) and later reported dnydgele et al. (1996) in respect of ephemeral
gully initiation, was applied in this study.

The upslope drainage catchment afe@alue for studied ephemeral gully and rills system
were obtained from DEM in the GIS by the tools ebgpatial analysis and it is 0.22 ha. After that
computedA values ands values measured in the field were plotted on aritigmic scale together
with the results concerning the critical slope ¢ggatand drainage area for gully initiation, taken
from the literature (Montgomery and Dietrich 19&3gtrich et al. 1992; Prosser and Abernethy
1996).

Analysis and comparison of topograpliosersusS values estimated for the linear erosion
features with the published values of the critidaksholds for incision of overland flow based
gullies indicates that the former plot below thee#iinold lines computed by other scientists. Inrothe
words, the size of the contributing area locateslage from a headcut of ephemeral gully, and its
slope gradient are insufficient for gully initiatidoy an overland flow. In addition runoff flow lise
modelled by GIS, i.e. places where runoff havedddsmed according to analysis of high precision
DEM differs from real ones identified in the fighy GPS (Fig.4). Moreover, some rills are located

almost across the dip direction of slope gradient.
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Figure 4. Digital elevation model of study site generateahfrLIDAR data with predicted runoff
flow trajectories (white lines) based on the GlQlgsis and real position of erosion incisions
(dashed black line) measuredsitu by GPS. Interval of contour lines 0.5 m.

Aforementioned facts indicate that besides the gephological controlling factors the
anthropogenic forcings obviously play an additior@e in accelerated erosion and formation of
incisions. In this case small downslope-orientateckodepressions, which were previously formed
by soil cultivation and imprinting of tracks frorhe use of agricultural machinery had an important
role as effective links for concentrating and tfarméng runoff resulting from heavy rainfall to the
footslope. Hence the combination of anthropogemd aatural forcings, i.e. meteorological
extremes and human agricultural activities createodirable conditions for a rapid transfer of
extreme precipitation from upslope contributing cbatent to ephemeral gully channel,
concentration of runoff into narrow flows, and a®sult saltatory increase of bed erosion.
Conclusions

The results of the research presented in this papemit to draw several important
conclusions about the factors controlling lineapsesn features formation on glaciofluvial
sediments-derived soils in south-eastern Latvia.

Formation of system of rills and ephemeral gullyaméarmstead “Drazi” occurs on
relatively gentler slope of cropland environmentg do concentration of extreme rainfall water in
human-made linear downslope-orientated landscagpeegits or micro depressions.

It follows from the comparison of published datattlkrosion could not occur at all within
the study site under the precipitation which cqroggls to the mean monthly or annual values. In
this case precipitating of ordinary low-magnitudénronto erodible glaciofluvial sediments such as
medium-grained or coarse sand and gravel, doesawde formation of a Hortonian runoff and
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associated linear erosion due to high hydrauliddootivity of such sediments and fast absorption
of falling rain. Such finding is in obvious contretion with the results of field studies which
allowed to recognize erosion incisions on the slopmposed of coarse glaciofluvial sediments.
Consequently the formation of ephemeral gully afigl is associated with extreme downpour on
July 18, 2013, when rainfall intensity exceedslirg#tion capacity and overran the threshold which
triggers Hortonian overland flow, despite that smd the top part of subsoil coarse glaciofluvial
deposits had not become saturated.

In spite of the fact that such erosion landformsepeemeral gullies are usually infilled
during tillage or soil cultivation, erosion incisi® can develop anew in almost the same location if
an intensive overland runoff forms after intenssw®w melting or heavy downpour.

Given that until now only some studies of ephemagtalies in Latvia have been carried out
(Soms 2011), it is obvious that the extent to whieularities of linear erosion process, contrgllin
factors, morphology of ephemeral gullies, and pasteof their spatial distribution are currently
studied is insufficient. According to the authofisld observations, ephemeral gullies form quite
often on the croplands in south-eastern Latvia;éwes, taking into account a short duration of their
existence, it is not an easy task to record theuoh @btain the required data concerning their
development. Hence it is very important in termsnitigation of soil erosion to obtain situ data

regarding morphology of these landforms and forgiogntrolling their formation.
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Abstract

Identification and geomorphological studies of ae@n landforms under forest canopy using airborne LDAR

elevation data: a case study in inland dune fieldsputh-eastern Latvia)

The landforms of aeolian origin located in theitery to the north of the city of Daugavpils fornme of the largest
dune fields in Latvia, covering at least 280%ai the southern part of Jersika plain. Despite ¢higlence of past
aeolian activity in this area, the dune field untter modern climate conditions is almost entirébgized by canopy
vegetation. The presence of vegetation preventslizetion of sands by aeolian processes, howevdhesame time
forest canopy hinders the identification or mappiofy dunes and their groups by aerial photographybgr
geomorphological methods. Although information atthis area as inland dune field was given inditere more than
30 years ago, morphology of aeolian landforms,rtiegientation and spatial distribution still hasmaned poorly
documented. In order to get insight into these engttidentification and geomorphological studiea@dlian landforms
under forest canopy using airborne LIiDAR elevatiaa were performed. The LIDAR elevation data urddis study
were collected by SIA “Metrum”. Accurate LIDAR deed DEM was utilized to identify dunes as well asektract
geomorphological information about aeolian landferihe preformed study allowed to identify morentB80 dunes
of different morphology, many of them have asymigtrofile and parabolic shape in planar view. Qied results
also indicate, that many of dunes forms groupschvhre randomly scattered across the dune field.
Key words: inland dunes, LiDAR, morphology of amolandforms

levads

lekSzemes #pu masvi ka reljefa eols gerctiskas grupas veidojumi plasi izpititziemdu
puslodes vidjos un augstajos platumaagos Aaski, Karada, Eiropa un Krievija (Wolfe 2006). Lai
gan nusdieras kapas Sajos magos liekkoties ir aprimusas, togn tas ir bijuSas akvas pleistoéna
beigu posm, auksta un sausa klimata apdps, K ai holoéna skuma. PriekSnoteikums aslu
iekSzemes d#pu masvu izveidei bija smilSaino un al@isko nogulumu uzkiSaras pieledja baseinos
Velas Vislas (Eirop) un \elas Viskonsnas (Ziem&amerikd) laika, pec kvaréra apledojumu
periferialas segas izzuSanas (Rawling Il et al. 2008¢Z@nd Markots 2004). Spaliski, 1slaiagi
kapu aktivi£Saras periodi ir norisigjuSies ar jaurakos laikos klimata maibas vai cilka
saimniecisks darfibas negavo seku ietek® tapec iekSzemesdpas ir nommigs palegeoggfiskas
informacijas avots holagna notikuso vides izmau rekonstrukcim (Wolfe et al. 2011).

Ar1 Latvijas teritorif ir apziratas ne tikai gar Baltijagijas nusdienu krastaihiju lokalizétas
kapas, bet arseraki eolas cilmes reljefa veidojumi, kurusigstav kontinenilas jeb iekSzemesapas
(Znudova 2011a). dlejos gados pieaug Zitniska interese parif reljefa formam, t.i. iekSzemes
kapam, ka afi par $s formas veidojasveja akumuéta materila sagulumupatribam un uzkaSaras

laiku. Siem jauwtjumiem tiek velita arvien lieika \eriba, par ko liecina pieaugo3ais pubdlu un
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zinatnisko refeitu skaits (NartiSs et al. 2009; Znudova un¢&e2010; Znudova 2011a; Znudova
2011b; Strode un Soms 2012; Znudova 2012; Strod8ams 2013). Tas lielmera ir saisits ar
jaurekajam zinatniskas domas atstibas tenderten pasaw un Eirog, kur sikot ar aizvatta gadsimta
90.gadiem tiek realéti pétijumi par eolo procesu aktivizijas hronolgijas precizSanu pleistagna
beigu posra un holoéna (Kayhko et al. 1999), &k af muasdiengu absaita geologiska vecuma
dagSanas metozu izmantoSanu (lvester et al. 2001eD2l04; Lian and Roberts 2006).

Pasauw eolo procesu aktivicija tiek saista ar antropogno ietekmi, kad cileka
nerdomatas saimniecisis darlibas rezulita smilSaino nogulumu izpldias apgabalos tiek
iznicinata vienlaidu veefacija. Kapu smilts sargjosas augu segas iminasana ir viens no
galvenajiem faktoriem, kurs seknkapu smilts @rpaSanu (Clemmensen et al. 2007; Koutaniemi
1997; Hugenholtz et al. 2012; Kiss et al. 2012)nEiozinatniskap literatira publictie dati liecina,
ka \€ja erozijas procesi pastipés lidz ar glolalajam klimata @grmainam. Nemot \Era pasreizjas
klimata maifibas tendences,éja erozijas risks stabilgpuSos smilSu &pu laukos nefrtraukti
pieaug un eolie procesi tikaja nakotné varctu tajos aktivizties atkal (Kiss et al2012). $da
konteksi ir loti batiski veikt petijumus par iekSzemegiu masvu reljefu ar Latvija.

Viens no iekSzemesagu izplatbas apgabaliem atrodasi &augavpils novad Liksnas
pagasi, uz ziem@em no Daugavpils pittas. Tomdr [idz Sim par naiditaja teritorija, Jersikas
[idzenuma dienvidu d& esoSajiem iekSzemes eolajiem veidojumieniiksr ziratniskas
informacijas, nav datu nedz par to morfgijo, nedz iek§jo uzhivi. Nav publiGtu datu ar par
kapu geogufiska izvietojuma likumsakabam. Viss auggik izklastitais faktu matefils apstiprina
temata aktualiti un noada uz kompleksigeolagiski-geomorfol@isku pEtijumu nepiecieSarbu
iekSzemes #pu masva Jersikas ilzenuma dienvidu d& Papildus impulsugeomorfolgisko
petijumu veikSanai deva iegj izmantot augstas izgtspejas LIDAR (angl.Light Detection and
Ranging datus, kurus iekSzemespk izplaibas argla aerofizerskedSanas procassagatavoja SIA
.Metrum”. Tapec 2013. gaal tika uzakti kompleksi @tijumi, kuru nerkis bija izgEtit Jersikas
l[idzenuma dienvidu d@ Daugavpils novatl esoSo eolo veidojumu morf@igu, to uzhivi un
geoghfiskas izplaibasipatnibas. Lai iegtu meérka sasniegSanai nepiecieSamos datus, tika &galiz
sekojoSie darba uzdevumi: (1)@IS datorprogrammukiem veikt aerazerskegiSanas jeb LIDAR
datu aps#di; (2) izmantojot aera@kerskedSanas datus, izveidoteéfjumu teritorijas digilo
virsmas modeli un aratpalidzibu identifict iekSzemes dpas; (3) noskaidrot iekSzemegpk
magva reljefa formu morfolgiju, ka af to geoggfiska izvietojumaipatrnbas.

Materi als un metodes

Lai vartu veikt LIDAR jeb aeradlzerskedSanas datu apstti, petijuma tika izmantotas
geomitikas metodes. ISuzdevuma izpildei tika pielietots pasaupopubirakais geoggfisko
informacijas sistmu (GIS) saimes programmprodukts ArcGIS. Izmant@&RI ArcGIS Desktop
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10 datorprogrammuArcMap™ 10.0 ka galarezulits no LIDAR datiem tika iegfs pEtijumu
teritorijas digitilais virsmas modelis (DVM).

DVM genegSanai no aeraterskenSanas jeb LIDAR datiem tika izmantota kanieas
ESRI ArcGlSDesktopdatorprogrammarcMap™ 10.0un &s paplasiajumi SpatialAnalystun 3D
Analyst S uzdevuma izpildes konteksjaatame, ka lai mtu iesgjams identifiét eoks reljefa
formas un noskaidrot to morfgiju un izvietojumu, darbam bija nepiecieSams awgy&girtspejas
DVM. Lai gan iekSzemesapu izplaitbas arglam ir pieejamas bij. PSRS armijggne&lStaba
topogifiskas kartes reroga 1 : 10 000, tor@r teritorijas, ko khj meza vgefacija, ne vienrar dala
redzamie reljefa elementi adelkivvar tikt identificcti an topogégfiskajas kares (Véze un Markots
2011). Attiedgi iekSzemes 3pu masva DVM, kas izveidots uz topagfisko karSu pamata varib
nepretzs, kas apdgtinatu interpreficijas darbu un uzatpamata iegto rezulitu kvalitate kitu
apSaubma. Tapec tika iz\elets cits risirsjums, jo @tijumu teritorip ir veikta aeralzerskegSana jeb
LIDAR un ir pieejamiGIS integgjami LIDAR dati. AerokzerskegSanu ir veikusi SIA ,Metrum”
2009. gada 03. maijSim nerkim izmantojot uz lidmasasPilatus PC-6stacioari uzmonttu Leica
Geosystems ALS-50 Phasea#lrohizerskeaSanas iefrtu, kas ir sinhroni&a ar GPS. LIiDAR datu
ieguves augstums — 1500 m, s§ama joslas platums — agnam 1400 m. AerakerskegSanas
rezuléta SIA ,Metrum” iegitie biiva punktu mikona sikotrgji dati tika filtréti, atlasot tikai zemes
virsmas reljefu raksturojo$os punktus. &ais LIDAR izejas datu punktu lums ir 2,3 punkti i.

Filtrétie LIDAR dati ASCII faila fornata tika izmantoti DVM genegSanai nepiecieSamo
datu atvasiaSanai. Saj faila datu pamatir punktu kopa jeb @konis, kur katram punktam piem
konkretas X, Y, Z koordiatas. X un Y koordiatas raksturo punkta atradanvietu plakga jeb

geogafisko novietojumu LKS-92 koorditu sistma, savulart Z koordirata raksturo augstumu vijl.

T
300
25 ge up oo

savue»
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fragments no iekSzemegpgu masva teritorijas (A), no punktveida vektordatiem afvatais rastra
formata DVM iepriek$ji noraditas teritorijas fragments ar rastra piksé&neru 1x 1 m (B) un TIN
formata DVM fragments, kuram pievienots izohipsu tenkatis sknis ar &€luma augstumu 0,2 m
(C).Sada veida sagatavotais TIN forata DVM tika izmantots iek3zemegapu identifikacijai (SIA
.Metrum” aerohzerske@Sanas dati © 2013). Kartes sagatavotas LKS-92 kaitdsisema.

Lai no Siem datiem sagatavotu DVM, vispirms aareiske@Sanas ASCII *.xyz forrita
dati ar ArcGIS paplasiguma3D Analystriku ASCII 3D to Feature Classka konvertti par ESRI
*shp fornmata punktveida vektordatiem, tos saglab geodatubzé. Tadepdi geodatubzes
elektroniskaj atribitu tabué tika at€lotas 3 929 500 augstumartibas punktveida objektydgini)
veida (1. atkls A).

Pec tam, ar ArcGIS paplagijumu Spatial Analystun @ interpokESanas 1ku Natural
Neighbor saskaa ar literatira apraksito metodiku (Kopp et al. 2001) vispirms no punktaei
vektordatiem tikgzenegts ESRI Gridformata reguira tikla rastra DVM ar rastra pikieizneru 1 x
1 m (1. attls B). No Siem datiem savaiKk, lai nodroSiatu lateku DVM uzskaiimibu un attietgi
atvieglotu reljefa elementu interpietjias darbu, saska ar 3D geotelpisks datu apsides
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standartmetodi (Bratt and Booth 2000), tikaiisgl'IN (angl.triangular irregular network formata
DVM.

Rastra formata DVM tika izmantots ar lai ar ArcGIS paplasiumu Spatial Analyst
geneetu izohipsas jeb horizosies ar griezuma augstumiem 0,5 m un 0,2 m (Elsaftt).
Horizon&lu shknis turpnakaja darba gait tika generalizts ar tku Neighborhood Statisticsun tad
vizualas anaizes céa tika interprettas atsevigas iekSzemesakas un to grupas.

Turpmikaja darba gait, uz LIDAR datu pamata sagatavotajos DVMigb un analizjot
izohipsu savstafo izvietojumu un formu, tika vektorétas Kipu kontiras. Telpisks izplatbas
noteikSanaiGlS programmatra tika vektorizta katras kpas pamatne un sagidd ka laukumveida
objekts vienat ESRI *.shp formta vektordatu ahi.

Metodolgziska zina jauns risiajums eokis cilmes reljefa gijumos ir GIS geotelpisks
anaizes gaiél apekinatas kapu geogifiska izvietojuma bivuma \ertibas un to vizualacija kartes
veida. Saj gadjuma ka atsevigs atriits LKS-92 kvaditu-kilometru tkla laukumveida
apveiddatam tika izskaitots, cik lielu platbu no katra teritorijas kvastkilometra aimem kipu
reljefs. Tadpemot \&ra skaitlisko \&rtibu sadajuma raksturu, ko noteica ar ArcGltka Statistics
funkciju Frequency Distribution Histogramdatu rinda tika sagrém klags ar pienarotako
klasifikacijas metodi (Mitchell 1999).

Rezultati un diskusija

Datu apstides rezulita ir ieguts augstas precizies un izgirtspejas DVM teritorijai ar
kopgjo platbu 154,1 ki, kas nodro$ina detalitas infornicijas ieguvi par eabk cilmes reljefu
petijumu teritorijas Jersikasdzenuma dienvidu d@ Saj teritorija iek$zemes dpas veidojuss no
vgja parpastiem Daugavas sasm deltas nogulumiem, kas uzjrSies Ncgales sprostezer
pleisto@na beigu posm(Zeks and Markots 2004).

Uz LIDAR datu pamata veikto gjumu rezulti parada, ka ptijumu teritorig ir
izvietojusies 351 &pa. Kapu absaitie augstumi ir robeas no 90i1dz 138 m vjl. Svagi atamét, ka
petamaj teritorija kopund, ir nowrojama likumsakaba, ka lEpu absaitie augstumi pieaug
virziema no ZR uz DA. Absaita augstuma zia augsikas kapas izvietojuss uz R, ZR un D no
Stropu ezera, savak zeniko kiapu geoghfiska lokalizacija ir Lubasta ezera apkne. Kapu
relatvais augstums gosvag ir saidzinoSi zems, t.i. visplak ir izplatitas kipas, kuru relavais
augstums ir no 2 — 7 m. Maksifie kapu relatvie augstumi ir 15 — 19 m rob&x;, bet kpas ar
Sadiem relaivajiem augstumiem nav sastopamas vienkojds teritorijas déa, bet gan izkliedta
veida visa teritorija.

Kapu forma pina skatjuma biezi vien ir paraboliska vai neregtd, &m ir asimetrisks
profils, reik ir noverojamas iztiepta apveidapas (2. atls). Balstoties DVM izdato kapu grupu
garenasu orieatijas anaki, var seciat, ka &s ir veidojuds domirgjoSo DR-R &ju ieteknt.
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Jaatzme, ka ieprieks§ji veiktajos [ Etijumos (Strode un Soms 2013), kufiplkh garenasis tika
identificetas uz topogifisko karSu M 1 : 10 000 pamata, tika konast ka Jersikasidzenuma
dienvidu dd esoSo kpu garenasis oriegths, galvenokt, haotiski —im nav kogjas orienicijas.
Tas \Elreiz apliecina, ka ne viengndala redzamie reljefa elementi adekwvar tikt identificcti arn
topogafiskajas karEs un rezuliti, kas iegiti tikai uz topogifisko karSu anates pamata varib

nepretzi.

2. attels. Uz LIDAR datu pamata sagatavots TIN faitan 3D zemes virsmas modelis, kas atspogu
paraboliska apveida iekSzemesapéas Stropu ezera rietumu kmst(SIA ,Metrum”
aerohzerskegSanas dati © 2013). 3D modelis sagatavots LKS-@2dinatu sisema.

Kapu geogafiska izvietojuma bivuma anake pafida, ka maksimais kapu blivums
sasniedz &ibu 0,41 kmi km? bet vizdla zipa nav \erojama bivuma \ertibu sadajuma
likumsakarba. Ton@r geostatistisk anaize ar ArcGISSpatial Statistics Toolsikiem High/Low
Clustering(Getis-Ord General GiunHot Spot Analysis (Getis-Ord Gipaiada, ka ar ticafbu p <
0,01 @tijjumu teritorip pasiv piecasgeogifiskas kopas jeb klasteri (3. alg), kur iekSzemesapu

izvietojuma bivums ir augsiks.
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Kapu izvietojuma klasteri
[ ] -1.651idz 1.65 Std. Dev.

[ ] 1.65ndz 1.96 Std. Dev.
[ ] 1.96 idz 2.58 Std. Dev.

- > 2.58 Std. Dev. T T T T | T T T T T 1
10 km

3. attels. GIS geotelpiskis andizes ga#l identificctas kapu geogifiska izvietojuma grupas
(klasteri) un to sadaums Jersikasidizenuma dienvidu @& Karte sagatavota LKS-92 kooréto
sisema.

Secirajumi

Veiktie petijumi un @Etjumu rezultu interpreicija lauj seciat, ka Jersikasidizenuma
dienvidu d# esoSo kpu geogahfiskais izvietojums ir neregals. lekSzemesapu grups biezi
noverojamas paraboliska apveidapas, téu vienlaidgi tika konstaitas af nereguira apveida

reljefa formas. Atsevi@s lapas irloti dazdas gan gc formas, gangt izmeriem.
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Kapu absaitie augstumi ptamas teritorijas ietvaros pieaug virzi&no ziemdrietumiem uz
dienvidaustrumiem. LIDAR datu apaties rezuliti parada, ka iekSzemesagas veido grupas ar
kopgju oriengciju, var nowrot, ka kKipas ir veidojuss domirgjoSo DR-R ju ietekn®.

Topog#fiskajas kares attlotas informiacijas saldzinagjums atkhj augstuma horizoatu
Zimgjumu atgiribas, kas viennamigi liek spriest par to, ka bij. PSRS topafigkajas kares M
1:10 000 eolo reljefu aprakstotformacija ir nepretza. No LIDAR datiem izveidotais digigais
zemes virsmas modelis var tikt izmantots, danegtu horizonéles ar dazdiem reljefa Eeluma
augstumiem, kas nodroSina priek$has atsevidu reljefa elementu identifégSanas procéas

Kopuma petijums apliecina, ka reljefa formu identifiija un geomorfolgiska izpete ar
mezu khtas teritorigs, izmantojot aerakerskegSanas LIDAR datus, sniedz kvalitat un
detali£tu informaciju par @Etamo teritoriju reljefa morfolgiju un geogafiska izvietojumu. Tas
savukirt norada uz &da rakstura §ijumu nepiecieSarbu taps teritorigs, kufs lidz Sim reljefa

raksturojums veikts galvenak uz kartogifiska materila anaizi.
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Kopsavilkums

Krama pétijumi ultraviolet a gaisna
Petiti krama paraugi no vaikam vietam Ziemdu un Austrumeirop. Saidzinajumiem papildus gtiti arn atkirigas
kvalitates girkramoti dolonita veidojumi. Paraugi un no tiem iggs 0.5-2 mm phas atgilas fetitas ultraviolea (UV)
starojuma daidu kalibEtu vilpu garuma (340 nm — 640 nm), izmantojot daltis spedilos gaismas filtrus. &juma
konstagts, ka optinali ir lietot lampas ar kaligtu izstarois gaismas ¥u garumu 365 nm un 480 nm, atbilstoSi
atstaroi gaisna lietojot filtrus SYBR Gold (485-655 nm) un EtBr €570-640 nm). Mikroskopiskie nesgjumi ar
50 reizu palieligjumu ir optinali lietojot filtrus ar ultravioleto ierosmes josBA0-380 nm (emisijas joslakot no 425
nm), zilo ierosmes joslu 450-490 nm (emisijas ja@kot no 525 nm) un 2a ierosmes joslu 525-560 nm (emisijas
josla gikot no 590 nm)Atkariba no izmantotiem tehniskiermdkzeliem nowrtejumi veikti vizuali un fotodokumeriti,
registrejot an vairakus atélu un apgaismojuma regau parametrus.
legitie rezulati norada, ka ir iespjams nogirt vairakas rakstugas pammes, K graudu lielums un izktojuma
regulariite, difizus laukumus, iesjumus u.c. B pazmes un paunju kopasjauj savstargi atirt petitos paraugus.
Tomer So un cituipadbu dabisk daudzveitba pat viena parauga ietvaros ir visai augsta gaigem ndauj kadu no
pazmém saukt par diagnostipsu un rakstdgu kadai konkgtai krama ieguves vietai.
Atslegvardi: krams un arkramoti iezi, ultraviolet gaisma, rakstugas pazmes, dabisk daudzveitba

Abstract

Flint studies in ultraviolet light
In the study flint samples from several Northerd &astern Europe sites were examined. Additiorfalycomparison,
chert and chalcedony saturated dolomite samples steidied. The rock samples and 0.5-2 mm thickeflagplit off
them were investigated in the ultraviolet (UV) lighf different calibrated wavelengths (340 nm — 6¥M), using
various light filters. In the study was found tlilats optimal to use 365 nm and 480 nm wavelengilitteng lamps
accordingly for the reflected light using filter¥ BR Gold (485-655 nm) and EtBr Red (570-640 nm)e hlicroscopic
assessments with magnification of 50 times werén@btusing filters with ultraviolet excitation zor@&0-380 nm
(emission zone from 425 nm), blue excitation zo5@-490 nm (emission zone from 525 nm) and greeitagian zone
525-560 nm (emission zone from 590 nm). Dependimgesearch equipment, the assessments were nsaddywiand
photodocumented, registering also a number of petensiof images and lighting modes.
The results indicate that it is possible to distiisy several characteristics as grain size andutasggularity, diffuse
areas, inclusions etc. These are features ando$dtatures that allow mutually distinguish invgstied samples.
However, the natural diversity of these and othepprties even within a single sample is high amfbas studied does
not allow some specific feature to be called diagieand typical of a particular flint mining site.
Key words: flint and chert, ultraviolet light, cheteristic features, natural diversity

Introduction

Flint is quite widespread in sedimentary rockss Itategorized as type of chert, and often occurs
just as a silicate material in carbonate rocks,revlitas a replacement mineral formed in diagenesis
However, generally flint is a variety of cryptoctaline quartz, forming nodules of irregular shapes
and concretionary masses that can be dispersedmiydhroughout the rock or concentrated in
distinct layers. Often it can be found as pebblesabbles along beaches and streams, because of
its resistance to weathering. This indicates thatature exists a very wide variety of flint ancbith
which significantly complicates its classificatiorgrouping and characterization (Hogberg,
Olausson 2007). As a result, the flint rocks arffiadilt directly comparable, using traditional
physical and chemical test methods (Costopoulo8R®wever, it is necessary for the Stone Age
investigation, because conclusions concerning aht¢iaman evolution are mainly based on the
studies of flint tools (Cunliffe 2001).
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Materials and methods

In the study flint samples from several Northernl &astern Europe sites, which have been flint
mining places in the Stone Age, were examined. #atally, chert and chalcedony saturated
dolomite samples from Latvia were studied. In maderritory of Latvia, they, together with flint
pebbles from the Baltic Sea coast, correspond &siple local source material for production of
flint tools in the Stone Age. Detailed analysedlot samples, as well as 0.5-2 mm thick flakes
split off them, with total amount of analyzed saaglip to 50, were carried out.

The analytical studies were conducted in FacultBiofogy of University of Latvia. The research
equipment BioSpectrum AC Imaging System was uséd. |[amps with calibrated wave length of
365 nm and 480 nm and three different wave lengits®on filters SYBR Green (515-570 nm),
SYBR Gold (485-655 nm) and EtBr Red (570-640 nmjenesed. The study parameters were set
using softwareVision Works Sby which also was managed monochrome photodociatiem of
the investigated samples, using wide picture-takirgosure time in range from 0.03 s to 2 min,
according to the set research mode.

Higher detail studies were conducted with 50 timegnification, using microscope Leica DM
2000. The research was carried out under ultravibggt in three different modes which
accordingly were formed using filters with ultrabexcitation zone 340-380 nm (emission zone
from 425 nm, blue), blue excitation zone 450-490 (@mission zone from 525 nm, green) and
green excitation zone 525-560 nm (emission zona f&90 nm, red). The photodocumetation with
cameralLeica DFC 420 which is connected with the microscope, as wels 8ettings of lighting
modes, were managed using softwlanage Pro Express

Further a comparative analysis of the acquired esagas carried out. It is possible to distinguish
several characteristics as grain size and layogulaety, diffuse areas, cracks, inclusions etc.
(Seglps, Zarha 2014) and in this study the aim was to assessidheal diversity of these and
other characteristics within each sample. Thishierrcould be useful for flint difference assessment
evaluation, clarifying, if it is possible justly ddinguish samples from different sites and localize
them, basing on such research data.

Results and discussion

Flint is characteristic for many sedimentary roeksl serves as an important distinguishing feature.
It is heterogeneous material, however, especiallyjcomparative regional studies, often it is
assumed that the investigated sample is homogersewlsypical, and physical characteristics as
well as chemical composition detected can be usedwider context (e.g., Gurova 2011, Baitas

et al. 2006).
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Evaluating images, obtained using research equipBieSpectrum AC Imaging System in optimal
research modes, it is possible convincing recoghéterogeneity of the research material (Figure
1).

3)& "N :
Figure 1. Samples 1) K1, Upper Volga Region, Russia, b) L‘Vhrena dlstrlct L|thuan|a
photodocumented under 365 nm wavelength emittingpjausing filter SYBR Gold (485-655 nm)
and 3) UK1, Beachy Head, United Kingdom, 4) LV6 JtBaSea coast, Latvia, photodocumented
under 480 nm wavelength emitting lamp, using fiE&r Red (570-640 nm).

The different shade intensity characterizes theerbgeneity of rock material. Already this
information is important for further detailed plamg of research, for example, selecting sample
area for microscopic assessments or chemical catigyodetection.

Even more evident the heterogeneity can be idedtifin images obtained in study under
microscope with magnification of 50 times, usindfatient research modes (Figure 2). In this
research stage it was possible to determine vacbasacteristic features (Sedij Zarha 2014),
which can be evaluated in comparative studies wddtigated samples from different locations or
within each sample.

Graininess Luminescent inclusions Usimns of organic matter

2)
Figure 2. Photodocumetation of the sample LV5, Baltic SeastolLatvia, in magnification of 50
times in three different lighting modes: 1) greewittion zone 525-560 nm (emission zone from
590 nm), 2)ultraviolet excitation zone 340-380 nm (emissi@me from 425 nm) and 3) blue excitation
zone 450-490 nm (emission zone from 525 nm), hgblilng certain properties.
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In this study were chosen three characteristicéuidher comparisons and assessments — graininess,
luminescent inclusions and inclusions of organidtenaFigure 2). In Figure 2 it is obvious that
studies, using different filters, provide infornmatiabout different aspects of structure properties,
and methodically correct in the future should balyre them together, because in each of optimal
research modes certain characteristics can besasksewre appropriate. Accordingly, luminescent
effects the best can be detected in the researde feomed with ultraviolet excitation zone 340-
380 nm (Figure 2, 2)). In the mode formed by greraitation zone 525-560 nm (Figure 2, 1)) the
best can be seen distribution of the heterogerditthe material, various diffuse substitutions,
which characterize the process of material forrmates well can be recognized distinct crystals
formations of various shapes — in general charaatgrgraininess. Inclusions of organic matter the
best can be observed in research mode formed Wwighdxcitation zone 450-490 nm (Figure 2, 3)).
Previous mentioned allows cross-checking of fliegarding to the different structural features
comparing them within each sample, as well compgas@parate samples from one site and also
from geographically widely differing regions. Inighstudy all investigated samples were assessed in
mentioned aspects.

Forward, to give an example, are displayed fourpdasa Figure 3 shows flint sample PL1 from
SouthernSwictokrzyskie Mountains in Poland. Figure 4 shows obdbny saturated dolomite
sample LV3 from $ervda formation in Latvia. Figure 5 and Figure 6 showe separate samples
from Mgn Island, Denmark — first represents pelbfd the beach coast and another is piece from
flint layer in chalk cliff.

In order to make possible equal comparisons hereliaplayed images made in one research mode,
which is formed by ultraviolet excitation zone 3380 nm. From used research modes, under this
lighting can be obtained most complete informatiahout sample structure, highlighting

luminescent effects, which are not fully recognieadpplying other used modes.

g

5) 6)

1
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- ~ 10) 11) w12

Figure 3. Flint sample PL1, SotherSwictokrzyskie Mountains, Poland photodocumented in
different lighting modes: 1) visible light, 2) 366n wavelength emitting lamp, filter SYBR Gold
(485-655 nm), 3)-12) ultraviolet excitation zon®3B0 nm (emission zone from 425 nm).

1)

WA

2)

5) 6)

9) 10) L&

Figure 4. Chalcedony saturated dolomite sample LV3kerS8da formation, Latvia,
photodocumented in different lighting modes: 1)hteslight, 2) 365 nm wavelength emitting lamp,
filter SYBR Gold (485-655 nm), 3)-12) ultraviolet@tation zone 340-380 nm (emission zone from
425 nm).

1) .I )
5L I 6) - 7)

9) 10) . 11) 12) '
Figure 5. Flint sample DK1, Mgn Island Denmark, photodocuoted in different Ilghtmg modes
1) visible light, 2) 365 nm wavelength emitting lpnfilter SYBR Gold (485-655 nm), 3)-12)
ultraviolet excitation zone 340-380 nm (emissioneérom 425 nm).
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9) . 10) I 11) 12)

Figure 6. Flint sample DK2, Mgn Island, Denmark, photodocoted in different lighting modes:
1) visible light, 2) 365 nm wavelength emitting lpnfilter SYBR Gold (485-655 nm), 3)-12)
ultraviolet excitation zone 340-380 nm (emissionaeérom 425 nm).

Previous displayed images clearly indicate sigaificdifferences in the flint rocks structure, which
can be considerably more detail identified in obagons in ultraviolet light. In this lighting the
flint samples as well as the Latvian chalcedonyrséd dolomite can be distinguished by a
number of visually detectable features. Perhaps, letter consider them as inherent differences,
which become contrasting in mutual comparisons.hSarc analysis should be carried out in the
future together with detailed chemical composi@oalysis, which would not only allow to identify
the differences, but also characterize them asioevariations in the composition. As well certain
sets of features could be used for flint localizati

Luminescent inclusions are not visible in macroscaservations without using ultraviolet light
and appropriate filters. Mostly they are recognieas fluorescent grains and it is possible tosssse
their size, layout and volume in sample. It carsben that the weak reflexes occur also in deeper
parts of rock and this phenomenon may be relatsdntple surface relief, cracks, but not to surface
contamination.

Organic matter in the samples mostly can be obdelime homogeneous or heterogeneous
cryptocrystalline rock base as dark inclusions.lusions of organic matter vary in layout,
distribution, volume and can occur in differentnis, for example, as tiny spots, sets of them or
irregular shape formations.

Flint structure and graininess should be assesseatl komogeneous cryptocrystalline rock base,
possibly with some larger crystalline grains, aravihg regard to various forms and types of
inclusions, diffuse areas, hidden cracks that cterae the rock formation.
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Conclusions

The study concluded that in ultraviolet light sigrant and high-quality data can be obtained about
all research samples. It is important that the sesnpvere investigated using non-destructive
methods, which is requirement in archaeologicalistu

The results clearly indicate the heterogeneityliaf faterial structure — part of it is recognizabl
macroscopically, however, also visually homogeneangss in ultraviolet light vary with a quite
different structure. There is recognizable intestalicture of the studied material, and at the same
time are visible also various inclusions and difaseas, hidden cracks and other heterogeneities,
which often covers most of the research object.

Accordingly, describing a certain sample can bpeacsed a variety of structural characteristics. The
properties selected for evaluation in the study r@edgnizable as very informative. These are
features and sets of features that allow mutuakyirduish investigated samples. However, the
natural diversity of these and other propertiesnenvihin a single sample is high and so far studied
does not allow some specific feature to be recaghindicative and typical of a particular flint
mining site.

The study gave additional possibilities to improli@t characterization and facilitate further
detailed studies.
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FIZIKA / PHYSICS

KVANTU PUNKTU EMIT ETAS GAISMAS VI LNU GARUMU
ATKAR IBA NO TO IZM ERIEM

Pavels Grigorjevs, Amandis PodaS.
Daugavpils Universitte, Paiides iela 1, Daugavpils, Latvija, LV-5401
pavelgri@inbox.lv

Abstract

Quantum dot light emitted wavelength dependence otheir sizes
The aim of the study is to compute electronic stdte CdSe/ZnO quantum dot. The problem is solwsitig the
Eigenvalue solver in COMSOL Multiphysics and eqomtbased- modeling in the coefficient form. Emissight
wave length dependence from size and proportionS8d8e kernel and ZnO envelope are studied. In ébaltrthe
dependence is not linear.
Key WordsQuantum Dot, emission, spectrum, CdSe/ZnO

Kopsavilkums

Kvantu punktu emit étas gaismas Jnu garumu atkariba no to izneriem
Izmantojot COMSOL Multiphysics agkinati CdSe/ZnO kvantu punkta (KP) egfgtiskie Emeqi. Aprekinati KP
izsarofis gaismas ¥u garumi atkaba no CdSe kodola un ZnS apvalka &em . Konstadts, ka § atkafba nav
lineara
Atskegvardi: kvantu punkts, emisijas spektri, CdSe/ZnO

levads
Petijuma nerkis ir, izmantojot COMSOL Muliphysics, agkinat CdSe/znO kvantu

punktu (KP)enegijas \ertibas un izveidot datora modsanu, lai agikinatu KP emittas gaismas
frekvences atk@ou no KP iznériem, jo kontrokjot KP iznmeru un to starojuma frekvenci, var
iegit optimala izmera kvantu punktu. idz ar to iespjams iz\eléties optinalo Cd un Se
daudzumu un lietddsu petama objek.
Materi ala analize

Optiskasipadbas kvantu izieru strukfiras ir atkargas no krigtla izmera tap virziena, kura
ladinne<gju kustba ir ierobezota. Kvantu punktu gpona kristala radiusa attietba pret Bora
eksitona #diusu var ietekret ladinpne<ja lokalizaciju. Pie pilnas elektrona un cauruma lokadijas
(nanokristla radiuss mazks par eksitona Boraadiusu) kvantu punkta enggtiskais spektrs ir

elektronu - caurumuapeju kopums. Pir@s absorbcijasihijas enegija vienada ar

. h?m? [ 1 1 1.786e% | e oo (E1—€a+1) rq7]
hw = Eg + 2R2 [me + mh] €1R + R Zl=181(£11+£2(1+1)) [R] (1)’

kur otrais loceklis ir elektrona un cauruma eijar kas atrodas engatiskaj bedg, treSais loceklis
ievéro kulona mijiedaribu starp elektronu un caurumu, uldgais loceklis paida eksitona
mijiedartibu ar nanokrigla virsmu. Sedingera vieadojuma risimjums dotai potenalas bedres

sisemai dod iespju atrast eksitona isia funkcijas veidu (11m.)
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) (

1. Zm. Elektronaun cauruma \ha funkcijas kvantu punkto8écuises P.b., Jupun JI.H: 2007).

Lai apekinatu kvantu punktu eksitonu ergjas, ir nepiecieSams izmantot é8ingera
vienadojuma adiaBitisko tuvirgjumu. Tiek apskats sErisks kvantu punkts aradiusu a, kurs
savukirt satur pusvathja materilu ar dielektrisku caurlaitbu ¢, kas prklats ar apvalku ar
dielektrisko caurlaitbu ¢;. Pie tame; ir lielaks pare; tapec relaiva dielektriska caurlaidba e =
(eoler) >> 1. Sida kvantu punkta tilpumparvietojas elektrong un caurumé ar efekivam masm
Me un My, (fre Un K, — atélumi lidz elektronam un caurumam no KP centrai(@.y(ITokyTHwuit).

2. 2am. Shematiskais eksitona &tjums sériska kvantu punki (IToxyrHmuii)

Kvantu punkta pila enegija bis vierada ar

h2n2< 1 1 ) h?m?

Econfinement = 222 \m +m—h = 21122
e
1 u
Eexciton = — = —R,
y
7 me
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h2m2 %
E= Ebandgap + Econfinement + Eexciton = Ebandgap + 2ua? - Ry (2)

Ta ka teoétiskie apekini ir diezgan ietilpgs process, tika nolemts uz sekojoSockipu
pamata izveidot datora modgsanu CdSe/ZnO i2letam kvantu punktam, kas vizu atspoguos
zonas MVina funkcijas veidoSanuakl. Zzmgjuma, tikai 3D tel@. Tapec, lai apekinatu kvantu punkta
pilno enegiju, bija japarveido Sedingera vieadojums (1.vieadojums) sériskajas koordirates, jo
petamiem kvantu punktiem ir 8fiskageometrija. Lai prietu no Dekarta koordittem uz sériskam,
ir janorada atélums no srisko koordiratu sskuma, ko apume ar r, un §norada asu leki 6 un .
Tapec

X = rsinécosy, y = rsinésing un z = rcog
Nakamais solis ir prveidot Sedingera vieadojumu sériskajas koordirités, izmantojot nabla
funkciju, Sedingera vieadojuma pamatformu un parastulpd funkciju. Tapec ievietojam

Sredingera vieadojuna

HY=EY¥
vilna funkciju plakanam vilnim
Y(r,t) = e%(pr_Et).

IntegrEjot to pa laiku

dy i
= = &,

2
un integgjot pa koordiatem (ieverojot ka E = zp—m) iegistam

d’y d*y d*¢y  p?
dx?  dy? dz? 2 V-

Diferencjot So vieradojumu, varam iegf telpiskas vilna funkcijas atvasiajumu pec laika

Apvienojot [Edgjas tiis vieradibas, iegstam tisdimensioalu Sredingera vieadojumu atkaigu no

laika un koordiatem

2

h Vay(r, t) = EY(r, t).

2m
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Tas ir adiabtiskais tuviragjums viena elektrona lia funkcijai trigs dimensiis. Tongr ir jaievero

Kulona mijiedaritbas enefija V(r), kas ieerojami ietekng elektrona kvantu stoklus. Tapec

B [%Vz + V] Y(r,t) = EY(r, t).

Izmantojot moda&Sanas paraugu (Dr. M. Willatzen and Dr. R. Melnik)B. Lasser{fModel

Library Manual) COMSOL Multiphysics, lietgm apZzmgjumus:

h? h? 1 h?
o(:—-}-Ep;ﬁ:—*—;c: ;
2Metr2 2me T 2Mm,

Tika izveidots akgilas simetrijas modelis ar kvantu punkta kodola pmatka adiusiem.
levietojot vajadmos parametrus skpBanas programintika iediti rezuliti par CdSe/ZnO kvantu

punktu enegiju un emittas gaismas frekvences afikar no nanodau izmeriem.

3. 2m. Kvantu punkta aksla simetrija (Autoram.).
Pec geometrijas izveidoSanas un parametru ievietoSamas apgkinata kvantu punktu
enegija un grafiski atspodotas eksitonu enggtisko sadajumu vilnu funkcijas (4.zm). Tabui
atspogioti kvantu punktu kodolu un apvalku i2Zm attiedgas enegijas un emittas gaismas iina

garuma ¥ertibas.

Tabula. Kvantu punktu engfjas un emigtas gaismas wa garuma atk@va no KP izrariem.

CdSe kvantu punkta| Kvantu punktaadiuss| Kvantu punkta Emisijas vina
radiuss (nm) ar ZnO apvalku (nm)| enegija (eV) garums (nm)

1 2 2,45 507

1 3 2,77 448

1 6 2,94 422

1 10 2,97 418

2 4 2,6 477

2 6 2,94 422
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CdSe kvantu punkta| Kvantu punktaadiuss| Kvantu punkta Emisijas vina
radiuss (nm) ar ZnO apvalku (nm)| enegija (eV) garums (nm)
2 8 2,99 415
2 10 3,00 413
3 4 2,61 475
3 7 2,96 419
3 10 2,98 416
4 7 2,94 422
4 10 2,96 419
5 6 2,94 422
5 8 3,02 411
5 10 3,03 409,6
6 8 3,05 406
6 10 2,95 420
7 8 3,04 408
7 10 3,05 406
8 9 2,93 423
8 10 2,98 416
9 10 2,98 416

4. am. Datormoduicija CdSe/ZnO kvantu punktam CdSe =1 nm, ZnO=2 Auatdra Zm.).

Péc modéa veidoSanas un erdihs gaismas iia garuma apkinaSanas tika apkota 3
parametra atk@va no kvantu punkta iz&ra, tas ir, K kvantu punkta ZnO apvalka izns un CdSe
kodola izners ietekng kvantu punkta izstaras gaismas wma garumu. Vispirms tika apioti
kvantu punkti ar konstantu CdSe kodola &zm bet ZnO apvalkaadiuss maifjas no 2idz 10 nm.
legutie rezultti ateloti 1. grafika kur redzams, ka palielinoties kvantu punktadeam, samaziis

ta emitas gaismas wha garums.
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Kvantu punkta emitétas gaismas vilna garuma
atkariba no kvantu punkta ZnO apvalka izméra

. ie nemainiga CdSe kodola izmérs:
vilna garums,nm  P1€ nem ainTga CdSe kodola izméra

440

10
KP radiuss, nm

1. grafiks. KP emittas gaismas iia garuma atka@oe no apvalka izrériem (Autora grafiks).

Pec tam tika apiikota CdSe kodola izéna ietekme ukvantu punktu ar nemaigu ZnO
apvalku. Tka apiikots CdSe/ZnO kvantu punkts ar ZnO alka biezumu 1 nm. Sagadjuma

emitetas gaismas Wa garumgalielinas, ja KP kodola izrari samazias.

Kvantu punkta emitetas gaismas vilna garuma
atkariba no kvantu punkta kodola izméra pie

nemainigaapvalkaizmeéra
vilna garums, nm

500 |
450 4
&
400
1] 1 2 3 4 L o 7 8 9 10

KP radiuss, nm

2. grafiks. KP emittas gaismas ifia garuma atk@va no kvantu punkta CdSe kodola Erenpie

konstantaZnO iznera, kas vieads 2 nm (Autora griks).
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Tika apitikota CdSe kodola ietekme uz ZnO kvantu punktu.rRadeli tika nemts 20 nm
liels ZnO KP ar daaa iznera CdSe kodoliem, ar kuriem tikaghts ZnO KP. Rda veida tiks
atspogiota kvantu punkta engjas atkatba no KP pilna izrera. Apgkini rada, ka iegrojamu
eneggtisku ieguldjumu kvantu punkt CdSe/ZnO dod ZnO atomi, nevis CdSe atoapgd tas dod

iemeslu izmantot mak bistamu matefiiu neka kadmijs un sehs.

Kvantu punkta emitetas gaismas vilna
garuma atkariba no kvantu punkta
kodola izmeéra pie nemainiga Kvantu
Punktaizmeéra

vilna garums ,nm

—

400 —

1 2 3 4 8 10
KP radiuss, nm

3. grafiks. Kvantu punkta emétas gaismas na garuma atka@va no kvantu punkta kodola izna
pie nemaifga kvantu punkta izema (Autora grafiks).

Secirajumi

Petijjuma rezulita tika apekinata CdSe/ZnO kvantu punkta e@iés gaismas lna garuma
atkafba no kvantu punkta izénem. Tas dod iesgju uzzirat kada lieluma kvantu punkta CdSe
kodolam un ZnO apvalkam iraat, lai ieditu vajadigo starojuma frekvenci. 8Bjuma tika
noverota kvantu punktu engita gaisma ar \Ihu garumu diapaz@no 400 nmidz 520 nm, mainot
kvantu punkta kofju izméru no 2 nmidz 20 nm. Tas ir svayi, izmantojot kvantu punktus
elektroniki, apgaismo3anas tehaikin sensoru veido3anSos apikinus var pielietot cita veida
kvantu punktiem. Tika konsg&is, ka palielinot kvantu punkta kgp izmeéru, CdSe enggtiskais
ieguldjums ir sandra mazs,apec tas dod iespu mazk izmantot idus toksiskus mateius ka Cd
un Se. Kvantu punkta datormoéfna deva iesp aplikot CdSe kodola un ZnO apvalka
proporcijas ietekmi. Pieenam, var iegt starojumu ar frekvenci 406 nm pielietojot 7nm @dS

kodolu un 10 nm ZnO apvalku, vai 6 nm CdSe kodol@8unm ZnO apvalku.
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Abstract

Research of controlled movies of 2.5 DOF articulaterobot arm
The demand for robots in industry and manufactuisngpnstantly increasing i.e. more than 80% ofweld’s robots
are used in industry, and especially robotic arranaw adaptable, that are able to perform a waoktuick and exact
tasks. So the aim of this paper is to reveal tlear'g most developed robotics arm’s capabilities e object of
research is 2.5 DOF (degrees of freedom) robot Btamipulators design composes two links which ataecaed to a
horizontal surface with a drawing or an engravingfriument at its end. For the first link, the eliecéngine transfers
the movement vertically through muff which is cented with the engines axle, and the second maffswith screws
connect to the first link. For the second link, #lectric engine transfers the movement horizontdtough strap
transfer, which first strap transfer gear connectgo the engines rotor, and the second gear ctswecto an axle,
which rotates the second link. Analysis of this graponsists of two parts, i.e. analysis of math@abkmodel of this
robot arm and analysis of model dynamics. The nmatitieal design of robotic arms made using ,Mat&mulink”
Mathematical model, which allows to do gear conuatages and calculate currents, momentums, bmkgilar speed,
angles and robot arms’ end point position variatiotime. Moreover, analysis results of this resbgraper shows the
maximum linear speed and time needed to reachemmal speed of each
Key Words: robot arm, 2.5 DOF, mathematical madg]lrobot dynamics.

Kopsavilkums

Vadamas 2.5.DOF kustguma pakapes robota rokas kustbu izpete
Attistoties fipniedbai un razoSanas sektoram, piefjtess [Ec robotiem paavigi pieaug, t.i. vaik nela 80 % robotu
visa pasaut Sodien tiek izmantoti dadas ripniedbas nozats, bet liefiko robotu déu sasida robota rokas, kas &p
veikt dazdus uzdevumus, kas pragaumu un precizitti. Tapec galvenais &darba narkis ir atklat Sobid atfstitakas
robota roku iesgjas, fipec izpetes objekts ir 2.5. kuigluma pakpes robota roka. Manipulatora konstrukcija ®asio
diviem posmiem, kas tiek nostipiin uz horizonilas pamatnes afiméSanas vai graéanasiku s gaf, t.i. pirmajam
posmam elektromotors kaisti parraida vertikili caur uzmavu, kas ir nostipéta ar gulhiem un savienota ar motora
varpstu, bet otrajam posmam elektromotors #ustarraida horizordli ar siksnas @rraidi, kuras pirmais siksnas
parraides zobrats tiek nostipfits uz motora rotora, bet otrais zobrats tiek nostifs uz \arpstas, kas rétotro???
posmu. Btad, § raksta satursasiv no divam ddam, t.i. petijuma skuma ir analiZjams 2.5. kugguma pakpes robota
rokas matemtiskais modelis, betge tam tiek veikta ©modda kustbu izfete. Izveidots robota rokas matatiskais
modelis "Matlab Simulink" vid, kaslauj uzdot prnesumu vatbas spriegumus un afiinat stiavas, momenta, posmu
lenkiska atruma, leska un robota rokas gala punkta mias izmanas laika gait. Tapat Etijuma tika noteikti robota
rokas atsevidu posmu maksiglie linearie atrumi un laiks, kug tiek sasniegts nomitais atrums.
Atskgas virdi: robota roka, 2.5. kugjuma pakpes, matedtiski modeéSana, robota kugjums.

Introduction

During expending of production sector, product mgkprocedures becoming more and
more difficult robotic systems are also developimg order to satisfy growing economics
requirements. There are many special requirement®lbotic systems but the demand for robots in
industry and manufacturing is constantly increasisgmore than 80% of the world's robots are
used in industry, and especially robotic arms ame adaptable, that are able to perform a variety of
quick and exact tasks and developing abilities obbies and service robots (Baksys,
Fedarauwiius 2004). So the aim of this paper is to revesl ylear's most developed robotics arm’s
capabilities and the object of research is 2.5 Dd¥grees of freedom) robot arm.
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|. Material and methods

1.1. Research object
2.5 DOF (degrees of freedom) robot arm’ block diegrs displayed in Figure 1 a. Robot arm

end-point (pen or engraver) position is changeddmytrolling the two, M1 and M2, DC motor

angular velocities. The third motor (M3) rotates #mgraving tool. Engine speed control used three
drives - P1, P2 and P3. Three drives - P1, P2 &nar® used for engine speed control. Incremental
optical converters J1 and J2 are used to measwke furning angle. All these components are

connected to the control device - embedded microolber which receives data and execution

commands from a PC.

o P3 | —= 3| LGl

- = P} —=]i2
Perzonal Control
computer system
] -+ P1 =M1
ik b
a
Engraving o
device 7]
[ ] Drawing
M3 device - Ik 1 M2
i . ink —FF L]
ql_f*.q#vf]ﬁ A I JI-:E HEs | |
all g by e | I IL _'} ]| -
i il 5 =
‘}%'Fﬁ
s I'." e . I i
| M1
Lt}
b

Figure 1. 2.5 DOF robot arm: a - block diagram, b - desigsieucture (made by Authors)

Projected 2.5 DOF robot arm design will includeg(Hib):

e Three 12V DC motors. First link motion transfer egmounted at right angles to the
second end of the link. The second link of moti@nsfer engine is also mounted vertically to the
corpus, parallel to the first joint. The third emgiis mounted at the end of the first link.

e Two 0.2 m long moving links of which to the firgshk the electric motor transmits the
horizontal movement of the belt drive. The firsttlokrive sprocket is mounted on the motor rotor
and the second - on the shaft, which rotates tis¢ link. The movement to the second link is

transmitted by electric motor through the sleevavbich the second link is directly set.
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e Two rotary encoders (N = 1046 pulses / rev), fittedthe end of the second half of DC
motor rotor.

e Hands end positioning devices (pen or engraverhérfirst case, engraving tool over the
sprocket is connected to the motor shaft and thesms mounted on a bracket base. In the latter
case, the drawing tool is placed into the mountirdoge which is rigidly attached to the base. In both
cases, the tools while inactive are verticallyaeted from the substrate using an electromagnet.

e The table to which the robot arm is rigidly fixed.

1.2. The mathematical model of the robot arm

While designing the robot hand control system iheésessary to analyze the dynamics of a
robot arm using the equations of motion that dbsdtie mechanical forces and moments acting on
the links. We can also use existing systems of teapus(Baksys, Fedaraius 2004). Designed and

analyzed robot arm dynamics are described usisgsistem of equations (Jer-nan, Minh 2004):

('Jl + mzllzqu + Myl 1y Gy COS(Qz - Ch)_
— Myl 1y G, (Q2 _%)Sin(% _%):Tl; 1)

3,8, + Myl e G €O, — Oy ) — Myl o &4 (0, — & )sin(a, — ) =T
Here: J,=1312m ir J,=137m, - link mass moments of inertia, kgfmr,, =1,/2 - the
distance to the center of mass of the second himkyy » - link mass in kgli 2 - link lengths, mga 2

- link rotation angle, radgy, - link angular velocity, rad / gj,, - link angular accelerations rad/s2;

Ty, - torques at joints link axes, Nm.

Figure 2. 2.5 DOF articulated robot arm kinematic schemadenby Authors)

Robot arm dynamics model in Matlab Simulink programasented in Figure 3.
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Figure 3. Robot arm’s model anéirms dynamicsinit (made by Authors)

Robot arm end point is changed by management ofDiiemotors that generate torque
moments and also rotates the robot arm separdie #round the axidDC motor has its own
electric and electro mechanical time constantsirihBuence on the movement of the arm can be
evaluated by adding DC motor mathematical modeéhéomathematical model of the arm. Static
and liquid friction forces that affect movementthre reverse time and movement at maximum
speed must be taken into account. DC motor matheshamodel for evaluating the friction forces
(Chun Htoo, Khin Thandar 2008; Shuang, Guodong 2010

dt

do . . . )
J o =iCy —M,-o fg —[TC Slgn(a))+ (Ts—Te) exd—a | a)| )Slgn(a))];
Here L — the motor armature link inductancH; i — electric current flowing through the

anchor link strengtiA; u —to the anchor link connected voltagé r —anchor link resistan¢e;
o — engine‘s axle angular rotation speed, rad/s: -Ggeneratorlectromotiveconstant, V-s/rad; J —

engine‘s anchor moment of inertia, kg-m2; CM —agiyaelectric transmission ratio, Nm/A; \M

92



PROCEEDINGS OF

DAUGAVPILS UNIVERSIT ATES 56. STARPTAUTISKAS ZINATNISK AS KONFERENCES
THE 56" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

RAKSTU KR AJUMS

moment of resistance, Nna; ratio of liquid friction, Nms/rad, Tc — moment of dry friction, Nm;

Ts— moment of static friction, Nmj — friction constant, s.
Engine’sconstant currentlesign ,Matlab Simulink” in the program is presehgs figure 4.

Sign .| 5 ey
0.001
Te >
= |
Tz - -[ .
>
a
|u| e E: (Tz-Te)*exp(a=abs(w))=sig(w)
Abz axAbs

Figure 4. Robot arm‘s moddEnginelandEngine2units (made by Authors)

Both robot arms links perform only rotation movernsendowever, the final movement of the
robot's instrument is linear. Robot arms’ end poir@nd y position in Descartes coordinates system
is calculableusing equations (Nakamura, Iwanaga 2002):

. : 3
y=1I;sin(q,) +1, sin(q, +ds,). (3)

Robot arm’s end point x and y position in Descadesrdinates system calculation model

{x =1, cos@,) +1, cos@; + d,);

.Matlab Simulink® is presented in the program agifie 5.
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Figure 5. Robot arm model unitDirect position task(made by Authors)

Colligated 2.5 DOFlegree robot arms dynamic model is presented asd-&) The model,
created in Simulink environment, consists of selvanés:

¢ units [Enginel and,Engine2 are constant current engine models created bfo(tjula;
e unit ,Arms‘ dynamicsis created by (2) formula;

e unit ,Direct position taskis created by (3) formulas.

L g1 J Position of the first link

Speed 1 . . .
V_torque 1—#{T; - anm’s end-point (X1, v1)

'H"l' — "0 g >

Control signal Engnel p—
h ‘_‘;_quu'ﬂ 2T, Direct Position of the second link
Control signal Speed 2 g i amm’s end-point (%3, 1)
Fngine2 position b
Arm dynarmics task

Figure 6. 2.5 DOF robots arm model (made by Authors)

Il. Results
2.1. Model dynamics analysis

Calculated engines with constant current paramevengch are required for the model's
making, are presented in Table 1.
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Table 1.Engines with constant current characteristics
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Parameters title and measure Marking 1 Engin\(/ealuze Engine
Electrical time constant, s Te 0,00122 | 0,00144
Dynamoelectric time constant, s Twm 0,0410 0,0056
Inductance, H L 0,00183 0,00216
ResistanceQ R 15 15
Moment of inertia, kg-nf J 0,057 0,0062
Dynamoelectric ratio, N- m/A Cwm 0,625 0,625

For the making of the robot arms’ dynamics modek lengths and masses are required:
l1=0,2m;m=1,32kg;l.=0,2m;m =0,73 kg.

Each links dynamics was examined separately. Hinls$ engine is connected to a nominal
voltage for one second. After the voltage polargyconverted, and that is how the engine is
reversed — it changes its rotation direction. Atbee more second the voltage connected to the
second engine becomes equal to zero — the engiseopped. Such an experiment allows to
coherently observe the gain of momentum, reverdebagaking processes. During the simulation’s
experiment the second link engine voltage for thele duration of the experiment is equal to zero.

The simulations results are presented as figuredBa

[y
=
T

[
T

1
[

U,V rad's; T, Nm
=

e
=]

Figure 7. Robot arms simulation resultdj, U, — engines control voltage variatiani, w, —
engines angular speed variatioh, T, — engines produced rotation moments (made by
Authors)

95



DAUGAVPILS UNIVERSIT ATES 56. STARPTAUTISKAS ZINATNISK AS KONFERENCES PROCEEDINGS OF
RAKSTU KR AJUMS THE 56" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

0.2 0.4

0
X, m
Figure 8. Robot arms’ first and second links end pointetcigries in Descartes coordinate system

(made by Authors)
The same method was used examining the seconddiriamics. The second links engine

is connected to a nominal voltage for one secoffiger Ahe voltage polarity is converted, and that is
how the engine is reversed — it changes its rotadicection. After one more second the voltage
connected to the second engine becomes equal to-zdghe engine is stopped. During the
simulation’s experiment the first link engine vgéafor the whole duration of the experiment is

equal to zero. The simulations results are predeagd-igure 9 and 10.

[ T O S [ I R
g V2 ' e—T1T> ' '
Y N S SV S T R O —— R -
ol : : ; Tt ;
i ! = ! !
ER = e e e
H Tl ' ' '
Y | S N s S i N L
B A : : :
R o} W ------ S EEEES R S
0 0.5 1 1,5 2 2.5
t, s

Figure 9. Robot arms link movement simulation resullg; U, — engines control voltage variation;
w1, w2 — engines angular speed variatidn; T, — engines produced rotation moments

0.13

Figure 10. Robot arms first and second links end point ttajg in Descartes coordinate system
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Conclusions

1. In the angular coordinate system working robot aamessuperior to other design drawing
robots, because they take up less space and aeennameuverable.

2. Manipulators design composes two links which atacaed to a horizontal surface with a
drawing or an engraving instrument at its end. fRer first link, the electric engine transfers the
movement vertically through muff, which is fixategl bearings and is connected with the engines
axle, and the second muffs part with screws contoettte first link. For the second link, the eléctr
engine transfers the movement horizontally throstghp transfer, which first strap transfer gear
connects on to the engines rotor, and the secoad gmnects on to an axle, which rotates the
second link.

3. Made a robot arms’ mathematicdésign in ,Matlab Simulink” environment, which @ais
to do gear control voltages and calculate curremtsmentums, links angular speed, angles and
robot arms’ end point position variation in time.

4. Analysis data indicates that the robot arms firgk Imaximum linear speed is equal to
0,628 m/s and the second link maximum linear speedual to 1,256 m/s .

5. Simulation results indicate that during the firsstt the robot arms first link reaches
nominal speed within 0,67 s and during secondttestsecond link reaches nominal speed within
0,32 s.
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MOJYUYEHUE HAHOCTPYKTYPHBIX OBPA3OBAHUI
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Abstract

The ZnO nanorods were synthesized using hydrotHegrowth process from Zinc Nitrat Hexahydrat (Zn(§$6H,0)
and hexamethylenetetramit@H;,N,HMT) on ZnO thin films. Zink oxide layer was depkesl on to glass substrate as
a growth seeds layer by magnetron sputtering imwc It was shown that during the reaction timetlon substrate
surface are formed Zinc Oxide nanostructures. Biyt on a substrate with a precursor layer of Zn@leiuvas formed
ordered nanorods massive.

BBenenue

Okcup nuHKa (ZNO) ABISIeTCSI HHTEPECHBIM MPSIMO30HHBIM TOTYTIPOBOTHUKOM. OKCHT ITMHKA
o0yiajaeT MHOTMMH WHTEPECHBIMH CBOWMCTBAMM, TAaKUMHU Kak: IIMpOKas 3ampelleHHas 30Ha
(3.37eV), OGonpmias sHeprus cBs3u dkcutoHa (60 meV), xopomme Mbe303JICKTPUICCKUE
XapaKTEPUCTHKH, XUMHUYCCKass W Tepmuueckas crabuiapHocTh (Ozgur 2005, Wang 2004)B
nocyiefiHee BpeMsl Ha 0a3e KBa3HOJHOMEPHBIX HAaHOCTPYKTYpP OKCHIA IHMHKA, MMEIOIUX (GopMy
CTep)KHEH, HMUTEH, JIEHT W TMp., aKTUBHO pa3padaTbIBaeTcs LENbIM psj MOITYIPOBOJHHUKOBBIX
YCTPOMCTB: mbe3ovnekTpudeckue HanoreHeparopsl (Wang 2006)ra3osie ceHcopsr [Kim 2008],
ra3oBbie ceHcophl U Y D-cBetoanosl (Kim 2008),conneunsie 6arapen (Law 2005).Haubomnbiireit
MEPCIEKTUBHOCTBIO I MPAKTHYECKOrO MPUMEHEHHs 001aJal0oT HAHOCTEPKHM OKCHIA IIMHKA,
BBIpAIlCHHBIC MEPIICHANKYIISIPHO MOJIOKKE B BHJIC MaCCHBA, PABHOMEPHOI'O KaK IO BBICOTE, TaK U
pactipenenienuio 1no rwiomaau. Crold TakMX HAHOCTEp)KHEH o00JiagaeT BBICOKOW yIENbHOM
MMOBEPXHOCTBHIO, BBICOKOW IMOJBMKHOCTBIO BIOJL OcH HaHoctepkueit (Martinson 2006 psaom
APYrHX MPEUMYIIeCTB. B oTiM4YMe OT DSNUTAKCHAIBHBIX IUICHOK, CTPYKTypa MAacCHBOB
HAHOCTCP)KHEH HE CONCPKUT MEXAHWYCCKHX HANPSDKCHUM, TYOMTENbHO CKa3bIBAIOIIMXCS Ha
ONITUYECKUX W MPOBOJSAIIMX CBOMCTBAX. J[JIsl CTPYKTYp HAHOKPHCTAIJIOB BO3MOKHO HCIIOJIb30BAHUE
rMOKUX TOJMMEPHBIX MOJUIOKEK, YTO JeJaeT YCTPOWCTBA HA MX OCHOBE KOHKYPEHTOCIIOCOOHBIMU
110 CPABHEHUIO C TPAJUIIMOHHBIMH MOJIYITPOBOAHUKOBBIMH CTPYKTYpPaMH.

Cy1iecTByeT LeNbli psii METOJIOB, MO3BOJIAIONIMNA TOJIYy4aTh MAaCCHUBBI HAHOCTEP)KHEN OKCHIA
IIMHKA. UMIYJIbCHOE J1azepHoe HaHecenue (Shan 2004)MeTon TEpMUYECKOTO POCTa U3 COJIEBBIX
matpui (Baranov 2005)3o0mb-rens-niporiecc (Znaidia 2003)pcaxnenue u3 napa (Chang 2004)a
TaKkke pasnuunbie pactBopHbie Meroauku (Liu 2009) m ap.. B GONBHIMHCTBE 3THX METOJOB
BOXHYIO POJIb MMEET MpEeABApPUTENIbHAS MTOrOTOBKA MOUIOKKHU U POcTa HaHOCTepkHeH. dopma

OTACJ/IbHBIX HAHOKPHUCTAJIJIOB ZnO, a TAKXKXC OpUCHTALlUA U BCCro MAaCCHBa KPHUCTAIJIOB B LICJIIOM
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OYCHb YYBCTBUTEIBHBI K COCTOSIHUIO TMOBEPXHOCTH, Ha KOTOPOW MpoucxoauT poct. Kpome Toro,
aJire3usi HAHOCTPYKTYP K MOJJIOKKE 3aBUCUT OT MaTepuaa MpoMEeKyTOUHOTO (are3u0OHHOTO0) CII0s
(Mihailova 2013).

B Hacrosmieit pabore MBI HCCIEIOBAIM BIMSHHUE HAHECCHHUS CIIOS 3apoJIbINIe Ha
MOP(QOJIOTHIO HAHOCTEPXKHEH, BBIPAIICHHBIX W3 PACTBOpa THAPOTECPMHUUYECKHUM METOJI0M. MBI
U3ydyald TONydeHHe HAHOHUTEH OKcHJa LMHKAa TUIAPOTEPMHUYECKHM  crocobom  0e3
MPEIBAPUTEIILHOTO CO3JaHMs 3apOJIbIIIEH Ha TOJIOKKE, M C MPEIBAPUTEIBHBIM CO3JaHHEM
3apoAbIIeH OKCHIA ITMHKA METOJOM BaKyyMHOTO HAIbICHUS.

MarepuaJjbl 1 METOIBI

Hanecenue cnos 3apoovtueni ZnO. Jl1ia co3manus 3apoabliield OKCHIa IMHKA UCIIOJIb30BaN
MarHeTpoHHoe pacmbuieHue karoma ZnO (99% ZnO, 1% Alla npeaBapuTelbHO OYHMINECHHYIO U
MMOATOTOBJICHHYIO CTEKJISHHYIO TOJIOKKY, C CO3JaHUEM IUICHKH, TodmuHoN 32 HM. TommmuHa
3apOBIIIEBOTO CJIOST OblIa MojoOpaHa ¢ TEM YCJIOBHEM, YTOOBI CJIOHW OBUI JTOCTATOYHBIM ISt
OCXICHHUSI aTOMOB OKCHJa ITMHKA Ha TMOJIOKKY U 3aJepKKH Ha HeM. M B Toxke Bpems, CIOi
JOJKEH OBITh JOCTATOYHO TOHKHUM, YTOOBI 3apOJIBIIIN HE CPACTAINCH B CIUIONIHYIO TUICHKY. [TyTem
AKCIIEPUMEHTOB M HM3MEPEHHI C IMOMOIIBI0O aTOMHOTO CHJIOBOIO MHKpPOCKOMa Obuta TmojoOpaHa
HeoOXoauMasi TOJIIIMHA 3apojsimeBoro cios. OHa coctaBmia nopsaka 32-36 um. Kak BugHO U3
puc.1, mpu Tommuue cinos ZNO meHee 36 HM 3apOABIIIH HEPETYISIPHBI 1 B OCHOBHOM ITOBEPXHOCTH
rNajKas, B TO BpeMs KakK MpH TOJIIMHE OoJiee YKa3aHHOW 3apOJBIINIA CPACTAIOTCS B CIUIONIHYIO
IJICHKY U TIOBEPXHOCTh CTAHOBUTCS OTHOCHUTEIHHO TJIagkou. HaHeceHue ci10eB mpou3BOIMIOCH C
HCIIOJIb30BAaHUEM BaKyyMHON MarHeTpoHHo# ycranoBku Kurt Lesker LAB18. McciemoBanue

MOBEPXHOCTHU MPOU3BOIMIOCH IPU TIOMOIIM aTOMHOTO cruiioBoro Mukpockona PARK SYSTEM.

"; 22nm - 3enm 70nm

i X

Wy

iih,ﬁw

Puc. 1. M3006paxenne moBEpXHOCTH cJ10s1 3apoblimeid ZNO Ha CTEKIIe IPH Pa3IndHON TOJIIMHE
CIIOS.

Pocm nanocmepicneit. Jns pocra HaHOCTEPKHEN MCIIOIB30BAJICS PACTBOP IeKcaruipara

autpata muHKa (ZN(NGs),-6H,0) u rekcamermnrerpamuna (CgHi2Ny4) B mponopuusx 0,5M u 0,5M
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COOTBETCTBEHHO. PocT HaHOCTpyKTyp mpousBoawics npu Temmepatype 85°C. Ilpu moBblieHUn
TEMIIEPATYPHI B pACTBOPE MPOUCXOTUT LIETIh PEAKIIUI MPUBOISIINX K 00pa30BaHUIO OKCH/A IIMHKA.

Zn(NOs),—>Zn**+2NO3
NO 3+H,O0+26 >NO »+20H
CsH12N4+6H,O—->COH,+4NH;3
NH3+H20—)NH+4+OH_
Zn**+OH—>Zn(OH),
Zn(OH),—>ZnO+H,0
OOpasupl MOMEMATNCh B PAcTBOpP pocTa HAa 2 4Yaca, 3aTeM OOpas3lbl MPOMBIBATHCH B

TUCTWUTMPOBAHHON BOAE W TPOCYIIMBAINACH CTPYEH as3ora. bpum momydeHbl H300paxKeHUs
MMOBEPXHOCTU C HCIOJIb30BaHUEM djekTpoHHoro mukpockorna TESKAN VEGA LMU. Cocras
00pa31oB ObLT UCCICIOBAH C MTOMOIIBI0 peHTreHandpakTomerpa RIGAKU SmartLab.
Pe3yabTaThl M NX 00Cy:KI€eHUE

B pacTtBOp pocra ObLITM TOMEIIEHBI /1Ba CTEKIISTHHBIX 00pasiia, OUH 0€3 3apOJIBIIIEBOTO CIOs,
JIPYro ¢ HAHECEHHBIM cloeM okcuaa muHka B 32 HM. [locnme cymku oOpa3iioB ObUIA CHSATHI
CHEKTPbl M M300pa)KeHHsI CKaHMPYIOIIEro 3JIEKTPOHHOIO MHKpockomna. Kak BHIHO M3 CHUMKOB
ANEKTPOHHOTO MHKPOCKOTA, B pE3yJlbTaTe pPEaKIMu Ha TMOBEPXHOCTH OOpPAa3IOB BBIPACTAIOT

HAaHOCTPYKTYPHBIE 00pa30BaHUS B BUIE CTOJOMKOB.

SEM Hy: 30,00 Ky WD: 8.952 mm VEGANL TESCAN SEM Hv: 30.00 Ky WD 9101 mm YEGANWTESCAN
SEM MAG: 2.00 kx Cet: 5E Detector 20 pm £ SEM MAGT 218 b Cet: 5E Detector 20 pm -
SEM MAG: 2.00 kx Drate(midid: 03413114 Daugavpils University SEM MAG: 218 kx Drate(midid: 03419114

Daugavpils Universiwn
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SEM HY: 30.00 kY WD 8.951 mm [ 1 | VEGAWTESCAN SEM HV:30.00KY  WD: 8.108 mm
SEM MAG: 21 82 ko Cet: SE Detecior 2pm £ SEM MAG: 22.01 kot Cet: 5E Detector 2pm
Diaugavpils University SEM MAG: 22.01 kx Date{rnidiy: 031 9114

Daugavpils Universiwn

SEM MAG: 21.82 kx Dratedmidhy: 0371314
Puc. 2. M300paxeHre MOBEpXHOCTH 00PA3IOB MOCIE BBIIEPKKH B paCTBOPE POCTa B TEUCHHUE 2-X

gacoB. CreBa, oOpa3zer 0e3 3apo/IbIIIeBOro CII0s, CIIpaBa- ¢ MPEABAPUTEIIHHO HAHECEHHBIM CJI0OEM
3apOJIbIIIEH.

B cnydae 0e33apoAblmeBOro pocTa HAHOCTPYKTYPHI HE UMEIOT YHOPSJOYEHHOCTH. MOXKHO
TOJBKO  KOHCTaTUPOBAaTh, YTO  TPHUCYTCTBYeT  mpeumyriecTBeHHbld poct B (002)
KpPHCTAJUIOTPa(h)UIEeCKOM  HAlpaBlICHWH, YTO COOTBETCTBYeT pocty mmiockoctd [0001] B
reKCarOHaJTbHOM IIPEJCTaBICHNH. B ciydae C mpenBapuTEeIbHO HAHECEHHBIX —3apOJbIIIeH,
HAHOCTPYKTYPBI TaK)KE MMEIOT MPEUMYIIEeCTBEHHBIN pocT B Hampasiacauu [0001], uto BuaHO U3

JaHHBIX PEHTTeHOrpaMM Ha puc.3.

300 400

(002)
(002)

300

200

200

Intensity (cps)
Intensity (cps)

100

(100)

(101)
(103)

(004)

100

T T
20 30 40 50 60 70 80 20 30 40 50 60 70 80

2-theta (deg) 2-theta (deg)

004)

(110)

Puc. 3. ludpaxrorpammsl 00pa3oB ¢ HAHOOOPA30BAHUAMH OKCHA IUHKA HA TIOJUIOXKKE 0e3
3apopiiieii (cieBa) U Ha OMJIOKKE C TPEeIBAPUTEIHLHO HAHECEHHBIM CIIOEM 3apoIbIiieH (Crpasa).

OnHaKo B 3TOM ciIy4ae HHTEHCHBHOCTH MUKOB JIPYTUX KPUCTAILIOTPahUIECKUX HAIpaBICHNUH
ropaszio HIDKE, YTO TOBOPUT O TOM, YTO TPAKTHYECKH BCE CTOJIOMKM OPHEHTHPOBAHBI B
Hanpasnennn [0001]. Bonee Toro, kak BHIHO Ha HM300pPaKCHUSAX IJIEKTPOHHOTO MHUKPOCKOIA,

pasMep HaHOCTPYKTYp 3aMeTHO MeHbIe. [IpudyeM Hamo 3aMEeTUTh, YTO CTPYKTYpPHI Topaszo Oojee
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YHOPSIOYCHBI, B OTJIMUKE OT Oe33apojblimeBoro odpasma. Ciaeayer 3aMeTUTh, YTO YIOPSIO0UYCHHO

HAHOCTPYKTYPBI paCTyT HIMEHHO TaM, TJi¢ HAHECCH CJIOH 3apopbiiieii (puc.4).

SENM Hy: 30.00 kY WD‘ 8.934 mm | VEGALTESCAN
SEM MAG: 2.20 ket Det: SE Detectar 20pm 7
SEM MAG: 2.20 ket Date{midhy: 03/181 4

Daugavpils University n

Puc. 4. CHUMOK 3J€KTPOHHOTO MUKPOCKOTa HAHOCTPYKTYp ZNO, BBIPOCIINX HA TPAHHIIE CIIOS
3apOJIBILIEH.
BrIBOaBI
e OnrtumanbHass TommHa cimos ZNO s oOpa3oBaHUsS 3apoOJbIIICH TIPH  HAINBUICHUH

MarHeTPOHHBIM METOZOM COCTaBIsET 32 HM.

e [lorpyxeHre CTEKISHHOM TOJUIONKH B PacTBOP IS THAPOTEPMHUYECCKOIO POCTa OKCHIA ITMHKA
OPUBOAMT K  XAOTHYECKOMY OOpa30BaHMIO HA  IOBEPXHOCTH  TIOJUIOKKH  IIEHTPOB
KPUCTAJNTU3AIIMN, HAa KOTOPBIX HAYMHACTCS XAOTWYCCKH HAINPABICHHBIH POCT HAHOHUTEH, C
npeobaamanreM Hampasienus [0001].

e Hanecenne upensaputenbHoro ciioss ZnNO B KadecTBe 3apoJbIici mepes MOTpy)KEHUEM B
pacTBOp pocTa CTHUMYJIHPYET YIOPSJIOYCHHBIH POCT HAHOCTPYKTYP OKCHIA IIMHKA, XOTS H

3aMCTHO MCHBIICTO pasMeEpa, 4Y€EM B 66338.pOI[BII_HGBOM cirydac.
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MATEM ATIKA / MATHEMATICS

HAMILTONA SISTEMU FAZES PORTRETI

Valentins Sendiejevs
Daugavpils Universitte, Pafides iela 1, Daugavpils, Latvija, LV-5401
valentin.sengileyev@gmail.com

Abstract

Phase portraits of Hamiltonian systems
The Hamiltonian systems and the method of constmucdf their phase portraits, which is based ondestruction of
level lines of the corresponding Hamiltonian fuoanti are investigated. Several examples of the Hanidn systems
are considered; for each systéme Hamiltonian function and the stationary points determined as well as the phase
portraits are obtained. In case when the Hamiltosigstem depends on a parameter, an analysis phéise portrait
enables to establish the existence of a bifurcation
Key WordsHamiltonian system, Hamiltonian function, leveEliphase portrait, bifurcation.

levads

Par Hamiltona sistnu sauc diferengivienadojumu sistmu, kura var bt pierakstta veidi:
, OH , OH o
q;= a_pl | =
kurH = H(q,p,t) — Hamiltona funkcija.

(D,

=
-
I
I
-
I
=

Koordinatesq; un momentug; sauc par kanoniskajiem magrem, bet laikg ir neatkatgais
mairigais. Diferendlvienadojumu sistma (1) ir Hamiltona sistma ari brivibas pakpem, bet
Hamiltona sisgtmu ar 1 bivibas pakpi var piegaksfit sadi:

) OH
x =f(xy) = EN

'~ goy) OH
v =9Gy) = -5

(2)

Ja ir dota diferenglvienadojumu sistma (3)

o f(xy), (3)
dy

un ja izpilcis

tad & ir Hamiltona sistma.

Hamiltona funkcijaH (x, y) ir diferencilvienadojumu sisgtmas (2)pirmais integilis.

Tiesm,

0H 0H
dH = ——f(x,y) + 5= g, y) =
Ox dy
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OH O0H OH OH
T 0x Oy oy <_ W)
Tatad
H(x,y) =C.
Ja sistmu (2) var pierakst veida:

dx F( )
= e,
a )
Aen
dt ’

tad var uzreiz noteikt Hamiltona funkciju ar formul

Hey) = [ Foyay - [ 6
Fazes portretu konstrueSanas paemiens
Hamiltona sistmas fizes portretu var dab konstri@jot Hamiltona funkcijasitneplinijas.
1. pientrs.
x' = 2y,
{y' = 12}; — 3x2. )
Sisema (5) ir Hamiltona sista, atbilsto® Hamiltona funkcija ir
H(x,y) = y? — 6x? + x3.
Sisemai (5) ir divi stacioarie punkti:

{ y =0, A(0,0),
3x(4—x) =0, B(4,0).

Apzimgjot y? aru, iegisim jaunu vieadojumu
u—6x%2+x3=C.
Sakuma konstrigjam funkcijasu(x) grafikus dazdam C vertibam (skat.1.1.zm.), Ec tam

konstrigjam funkcijuy(x) = +Vu(x) grafikus. legtas tknes ir Hamiltona funkcijasrheglinijas

(skat.1.2.mm.).

N

1.1.zim.u = 6x% — x3 + C. 1.2.zim. H(x,y) = y*— 6x%+ x3 = C.
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1.1. Zm. at€lo funkcijasu = 6x? — x3 + C grafikusC vertibam 10; 0; —16; —32; —52.

1.2. Zm. ilustie Hamiltona funkcijasi (x, y) = y? — 6x2? + x3 = C da&das Imenlinijas
tam paém C vertibam.

Analizejot Hamiltona sistmas fizes portretu, var izddrsecirmjumus par stacianu punktu
raksturu. No 1.2.imgjumavar konstait, ka punkts4d(0,0) ir sedlu punkts, bek(4,0) ir centrs.

2. piengrs.

x' = 2y,

{y’ = 4x — 4x3. (6)

Sisema (6) ir Hamiltona sigta, atbilsto® Hamiltona funkcija ir
H(x,y) = y? — 2x? + x*.

Sis€mai (6) ir tiis stacioarie punkti:

_ A(0,0),
y=0,
{4x(1 —x?) =0, = 5&(1),)6).

Konstrigjam funkcijuu(x) = 2x2 — x* + € un funkcijuy(x) = +Vu(x) grafikus. € =

1 1 3
= 0;—=;—1;—=>).
2 2 2

N7 me 1/@
Wy 99

2.1.zim.u = 2x* —x* + C. 2.2.zim.H(x,y) = y? — 2x*+ x* = C.

-
T E

Analizgjot 2.2 Zm. var konstait, ka punktsA(0,0) ir sedlu punkts, be®(1,0) unD(—1,0) ir
centri.
3. pientrs.

b2
y' =x3 —x.

()

Sisema (7) ir Hamiltona sista, atbilsto® Hamiltona funkcija ir
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2 4 2
_ Y _r .
H(x,y) = 5 2 + 7k
Sisemai (7) ir tis stacio@rie punkti:
A(0,0),
y=0,
SN = B(1,0),
x(x 1) =0, D(-1.0).
2
Apzimgjot y? = 2u, konstrjam funkcijasu(x) = ’;—4 - x? + C un funkcijuy(x) =

+V2u(x) grafikus. € = %; %;%; 0; _i')'

-
T E

x4 x2 y2  x*  x?
3.1.zim.u=z—7+C. 3.2.zim.H(x,y)=7—T+7= C.

Analizgjot 3.2 2Zm. var konstait, ka punkts4(0,0) ir centrs, beB(1,0) unD(—1,0) ir sedlu
punkti.
Hamiltona sistema ar parametru
4. pientrs. (Blanchard, Devaney, Hall 2005: 501).
x'=y,
{y’ —xt_q ®
Sisema (8) ir Hamiltona sigta, atbilsto® Hamiltona funkcija ir
2 3
_ Y _X
H(x,y) = > 3 + ax.
Siseémai (8) stacioaro punktu skaits ir atkezgs noa:
{ y =0, jaa > 0,tad A(—Va,0), B(Va,0),

x2—q=0, 12a=0,tad M(0,0),
jaa <0, tad nav stacionaro punktu.
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Apziméjot%2 aru (y = +v2u), dakisim

x3
— —+ax=_C.
u 3 ax
Pieneram, jas = 0 (C = %; % 0; —3 — ) tad ieg@isim $du sistmas (8) fizes portretu:
4L
:4 ‘ -Ilr
—6L
x3 yZ x3
4.1.zim.u = ?+C. 4.2.zim.H(x,y) = >3 C.

Jaa =—-1(C = %; 2; 0; —2 — ) tad sistmas (8) fizes portretsis &ads, la atlots 4.4

ZImgjuma.

‘I’\ -
AN

) X i y2 %3
4.3.zim.u = ?+x+C. 4.4.zim.H(x,y) = =~ ?—x = C.

Gadjuma, jaa =1 (C = %; %; 0; —2; —%.), tad dalasim &du sistmas (8) fizes portretu
(skat. 4.6.1m.).
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u

” T NUA

x yz  x3
4.5.zim.u=?—x+C. 4.6.zim.H(x,y)=7—?+x = C.

Hamiltona sistemas periodiskie atrisimajumi

Petot fazes portretus, var ierautizperiodiskus atris@umus. Ja #zes portret ir noskgtas
trajektorijas, tad Hamiltona séshai eksist periodiskie atrisisgjumi. Tatad, jaa = 0vai a = —1,
tad no zmgjumiem 4.2. un 4.4. var redlz ka Hamiltona sistnai (8) nav periodisku atrisijumu.
Bet jaa=1 (4.6. 2m.), tad sistmai(8) ir periodiskie atris@jumi, kad C pieder interdlam

(—g; 0). 4.7. Zmgjuma tiek attlots sistmas (8) atrisisjuma grafiks, jaa =1 un x(0) =

1 1 1
-5 y0) =5, C=—=
I - .
; ¢ .
c ' w
:"F il 5
.\' .‘I '\
g LY
P PR PR . Y L
i3 4 5 “x &
! b
£
¥
o
15
4.7. Am. X@t) —y(b)
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Secirajumi

Zinot Hamiltona funkcijasiimeplinijas, var viegli konstrét atbilstods Hamiltona sigmas
fazes portretu. Bet, zinot Hamiltona sistas fizes portretu, var sedn par stacioraru punktu
raksturu un periodisku atrisiiumu eksistenci, & afi péc fazes portreta anaes var konstat

bifurkacijas esanbu.

ESF projekts “Atbalsts Daugavpils Univess#s maistra studijuistenoSanai”
(vienoSaas Nr.2001/0018/1DP/1.1.2.1/11/1IPIA/VIAA/010)
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DATORZIN ATNES / COMPUTER SCIENCES

INTERAKT IVO IT RISIN AJUMU IESPEJAS DARBA
AIZSARDZ IBAS SISTEMAS PILNVEIDOSAN A

Mihails Aleksejevs, Svetlana Ignatjeva
Daugavpils Universitte, Paiides iela 1, Daugavpils, Latvija, LV-5401
mihails.aleksejevs@du.lv

Abstract

Interactive IT solutions for the labour protection system improvement
The article deals with information technologies &ltimediasolutions and possibilitieis labour protection processes.
The essence of application of new information tedbgies in labour protection process is one of theans of
increasing quality of labour protection trainingdagiecreasing accidents and occupational diseasesl be achieved
& supported by implementing IT & multimedia techogies based on module & system logics for traingmgl
inclusion specialists to occupational safety system in tlgamization. Author of the article note the nedgssd
develop complex interactive module on labour prid@cthat includes not only the assistance forekgert in labour
protection for his everyday duties, but a broagecgum of topics. Interactive module helps to perf the following
tasks on labour protection in the organisatiorrohtictory and regular instructions, to providertiag in fire safety,
consultations with employees on certain topicaléss regular personnel consulting, maintenancedgifiiction base,
control of personnel knowledge on labour protectigsues, consultation and training for trustessjstance in the
assessment of risk and development of the plan edsnres for labour protection, anonymous informagbout
changes in working conditions, maintenance of @atsis — archive of labour protection measures gdrozation with
automatic reminder function. The advantages of ld@veent and implementation of a such module areonbt the
increase in effectiveness of labour protection isenat the organization, but also optimization amgrovement of
labour protection system in total thus solving tapichallenges and more effectively integratingalggrovisions and
institutional norms into work.
Keywords: interactivity, information technologgultimedia, interactive training module, intera@ieducating toolkit
for labour protection training.

levads

Katru gadu vaitk nela tikstotis nodarbiato Latvija cieS nelaimes gadma darks, sawv
darba viei gastot savainojumus vai traumas. Lai @stu gan Sos neggdmus, gan nephotos
finansklos izdevumus, kas rodas, ja nodafibais tiek savainots, darba dgm ir nepiecieSams
iekartot un uztugt darba vidi %, lai & batu droSa un vesdlai nekailga. T&u nepiecieSams
atcetties, ka pat sitacijas, kad darba dejs ir ieverojis visas darba aizsaniias pramas, riska
pakapi batiski ietekn® pats nodarbitais, kurs pieem Emumu konkgtaja situacija. Pareizus un
droSus émumus var pigemt tikai zinoSs nodarhitais, fipec apnaciba darba aizsartiz ir batiska,
lai samaziatu nelaimes gagumu un arodslinbu skaitu gan kairkonketaja uznémuna, gan valst
kopund.

Personla apnacibas un persata informéSanas kvaliite par ugunsdr@8as un drobas
tehnikas jadjumiem ir efekivas nelaimes gadmu un profesiofiu saslimSanu prevencijas
noteicoSais faktors. d@jumu rezuliiti, darba aizsardbas statistika liecina par to, ka nelaimes
gadjumu vaigkums ir saigts ar & saucamo cilecisko faktoru. Rdel tikai tehniski un
organizatoriski pakumi vien nevar piliba atrisirat traumatisma un arodslilvu probému. Ir

nepiecieSama @énktieciga iedarboSas uz pasSiem stdajoSajiem, turkit, ne tikai paaugstinot yu

111



DAUGAVPILS UNIVERSIT ATES 56. STARPTAUTISKAS ZINATNISK AS KONFERENCES PROCEEDINGS OF
RAKSTU KR AJUMS THE 56" INTERNATIONAL SCIENTIFIC CONFERENCE OF DAUGAVPILS UNIVERSITY

zinaSanu imeni darba apsartas jaudjumos, bet armainot to uzvetdbu un attieksmi pret drdsas
jautagjumiem darla. Tatad, darbinieku infor@Sana var izrais uzvedbas maiu un tas ir darba
aizsardmas apracibas pamatrrkis. Toner Sada uzvetbas maia rodas tikai tad, ja iztjbjamiem
ir tieksme uztvert stimulu un wil ir gatavi pozitvi atbildét uz to, proti, viliem veidojas motiacija
informacijas uztverei un apguvei.afad, darba aizsarttzas spedlista ki pedagoga galvenais
uzdevums ir aktiviet persoila motivaciju (Darba aizsardbas apracibu metodes 2010).

Pieneram, nusdienu tehnolgiju laikmeta darba vides riska &téSana, izmantojot
izdrukatus kontroljaudjumu sarakstus vai pierakstus, un falas teogtiskas instrukéizas vairs
nenodroSina pietiekamu darbinieku ieintétesi, iesaisti darba aizsaftas jaudjumos, kas nav
pielaujams un apdraud perdtan veseibu un drotou (Darba apgkli un riski Latvia 2010;
Nodarbirato iesaisiSaris darba 2012). Zkad ar darba aizsardhas specialistiem un konsultantiem
savlai@dgi un nerktiecigi japielagojas @armaipam un gmekk jaunas tehnolgjas darba aizsar@zas
sisemas organizSanai un darba aizsaftlas pagkumu veikSanai organizija. Masdiengai darba
aizsardmas apracibu pieejai ir foriengjas uz noviiti, kas balgta uz dzves un daribas aftistibas
dinamikasipatribam, atkirigu apmacibas tehnolgiju specifiku un individdlo persofbas pragu
ievéroSanu. Bez tam persala apnicibas gad nepiecieSams énktiecigi un koncengti iedarboties
uz darbinieku ne vien informai, bet ar emocionli. Par svaigu izaicirgjumu nusdieras Kust
izglitojamo iesaiste,&afl emocionlas izgitojamo séras iesaigfana. Viens no dotu izaiGjjmu
atrisimajuma lkdzeKiem ir datorizto, interakivo multimediju tehnolgiju ievieSana un akia
izmatoSana apacibu proces.

Petijumi rada, ka mds atceramies aptuveni 10% rip ko lagm, 20% no &, ko dzirdam,
30% no &, ko redzam, 70% na,tko sakm, 90% no 3, ko nes paSi dam un 95% noa, ko
macam citiem (Glasser 1990) (skat. 1ckaf}.

IT apmacibu tehnolgiju priekSrogbas pamat ir saisttas ar to, ka apicibas proces
iesaistta gan redzes, gan dzirdes informigt karali. Divu informacijas (redzes un dzirdes) kadin
izmantoSana uzreiz paaugstina apiou efektiviati. Proti, pieaug izgtojamo uzmaibas
koncentécija saldzinot ar dzirdes uztveri (bez vida informacijas priekSstata), kad klatgs
daZdu apsiklu c&&l nowersas, prstaj saprast matetiu un pazaud interesi pie apactibu priekSmeta

(Darba aizsardbas apracibu metodes 2010).
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ATMINA IESAISTES
10% no MAWANr
izlasita _ vardiskais

vardu vep =
atsifreiums

20% no uztvere

dzirdeta

30% no
redzéta

attélu uztvere

vizualais
atsifrejums

g

uztvere un
daliba

50% no redzéta

.- filmas, izstades, procesa
un dzirdéta ! P

novérosana

70% no runata . .
dickuciia. sarunas

90% no runata un
paveikta

atainoSana, darbibas imitacija, daliba
realaja procesa darhiha

1. attels. Uztveres piranda. Avots:Glasser 1990

Izmantojot interakivas infornacijas tehnolgijas (IT) un multimediju tehnolgjas rodas
papildus motidcija un interese par zZiBanu saemsanas procesui kadu, bet, pozivas emocijas
paaugstina jeliidas daribas efektiviiti. Rezultta pieaug izgitojama darbinieka aktiviite, kas
saisits ar nepiecieSainu pasivigi iesaistties dialoga ar datoru. Interakas IT un multimediju
tehnol@ijas automatiz ai darba aizsardbkas speaiista darbu, kas selkdrdarbalaika optimizciju
un darba aizsardlzas pagkumu rezultativiites pieaugumu.

Interakivu IT izmantoSana apatibu proces lauj paaugstifit kvalitati un persoala
sagatavoSanas efektidtit dod iespju istenot diferengto pieeju apracibam ieverojot individualas
izglitojamo ipatnbas, k& af pastiprina apacibas motidciju un rado8s izzino&s aktiviates
atistibu. IT kdzeWi lauj istenot mijiedartbu starp dogtaju (darba aizsardhas spedaiistu) un
izglitojamo dialoga raima. Tada mijiedariba atvieglo informcijas apmaias procesu (lzgibas
sisemas informatizcijas programma 2006). Dadu tehniskoidzeHlu (datortehnika, internets, TV,
mobilie sakari, u.c.) pilmartigai izmantoSanai ir liela nome apmacibu procesa kvalites
paaugstiaSanai un pieviltbas palieliaSanai (Kozlovska, Strukova 2013)idiz ar to latu svargi,
izmantojot virtilo apracibu vidi apnacibu un infornacijas atbalstam darba viet
Materi ali un metodes

Raksta rarkis ir sniegt ieskatuatlos IT konceptoskinterakivas infornaciju tehnolgijas
un IT multimediju apracibu metodes, &k afi analiZt interakivo apnacibu tehnol@iju iesgejas

darba aizsardhas sistmas pilnveidoSan
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Petijuma pamat ir akadmisko un ziatniski-praktisko rakstu arile, idz Sim veikto
petijjumu, komerdru un priekSlikumu apkopojumgyvalstu pieredzes igpe, ka afn planoSanas
dokumentu apskats IT, multimediju un infacijas un komunikcijas tehnolgiju joma. Petijjuma
metodesmonogéfiska metode, grafiskmetode, abstrakti fiska metode.

Rezultati un to izvertejums

Tehnolgijam strauji afistoties ar apmacibu procesam irapielagojas niisdienu izgitojamo
vajadabam, maingajiem vides faktoriem. IT ir z&$anu, metozu, ma&mienu un tehnisk
apfikojuma kopums, kas ar datu apdis un komunikciju lidzeKu starpnietbu nodroSina
jebkuras informacijas iediSanu, uzglaisanu, grveidoSanu, frraidi un izplatSanu (Akadmiska
terminu datubze 2014).

Interakivitate ir s@ja mijiedarboties vai atrasties sarunasiméz dialoga ar jebko
(piemeram, ar datoru) vai araklu (ar ciheku) (Cebexos 2010). Zem interaktajam apnacibam
(angl.interaction— mijiedarhiba) saprot, apatibas, kas ir balghs uz izgitojama mijiedarkabu ar
apnmacibu vidi, kas kalpo par apgtanis pieredzes apgabaluBfciobokos 2011). Pie
interakivajam apnacibu meto@dm attieciramas tas, kuras seknzglitojama iesaistSanos ziaSanu
iegaSanas un grstrades akiva proce4. Interakivie moddi — ir apnicibu projekti, lieti¥as un lomu
speles, simulatori un sogli trenazieri. Visas iepriekSmiétas nodartibu formas apvieno izgibas
IidzeKu vienots komplekss: amtibas notiek kopdaiba, izglitojamie pimem patstvigus
[emumus, bet pedagogs atlasa makeriieteknt veidu, k& materils tiks pasniegts, nosaka likumus
un uzsijas moderatora lofn (Fam at al 2012). adu moddu izghtibas rezulits ir sgEju un
kompetedu atistiba, paraugu datbas iegSana. Interakia pieeja ir ne vien apagibas
sekmguma, bet arizglitojamo apmierigjuma no apracibas procesa svgs faktors.

Interakivajam IT multimediju tehnolgijam ir ipaSa noume infornacijas pieejartba,
apstade, parraide un izmantoSam t.s. atistot apnacibu procesus. Dadu tehnisko idzelu
(datortehnika, internets, mobilie sakari, u.c.)nwiltigai izmantoSanai ir liela nome apnacibu
procesa kvaliites paaugstisanai un pieviltbas palieliaSanai. Apmacibas caur IT un
komunilaciju tiklu klast interesantas, izaicinoSas, intetaks, izgitojamiem viegli uztveramas un
aizraujoSas raugoties gan no pedagoga, gan nimojagh viedoKa, uzlabojot ne tikai izgfibas
kvalitati, bet ar pievilcibu, palielinot izgitojamo motiviciju macities (Dino at al. 2013) #lu
apnacibu tehnolgiju izmantoSana apagibu proces seknt izglitojamo interesi un iesaiSanos
apnucibas, uzlabo ap@atibu rezulitus, nodroSina pedagogiem d&las apnacibu resursus, izmaina
apmacibu procesu, padarot to piérotaku katra izgitojama individualajam vajadzbam, ziraSaram
un prasmei.

Interakivo tehnolgiju izmantoSanas pamatmetode ir interektdialogs, kasge batibas ir
lietotaja mijiedarhlba ar programsisinu, kas nodroSina amtibu materila, darba satura variantu
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izvéles iespjas. Viens no IT virzieniem fisdieras ir audio, video, TV un citu multimedijidizelu
izmantoSana. ade] I1dzas IT rura par multimediju tehnolgijam apnacibas, kuas noiZmiga izzhnas
parvaldes procesa @mnotiek ar speslii izstradatu audiovizalo apnacibu materilu palidzibu.

Interakivajam IT un multimediju tehnolgijam ir &das priekSrobas apracibu
nodroSiasars:

v" masdiengu un dinamisku z@Sanu un prasmju apguves igss;

v interakivas, radoSas, inforinijas bagtas nicibu vides ratsana: mateflu uzskaimiba,

apmacibu procesa da#doSana, difererg§ana un satura pilnveidoSana;

v sadarlibas iespjas elektronisk vide (izglitojamais-darbinieks — darba aizsatus
specialists un/ vai pieaicinatais specialists,iiegimais-darbinieks — vaah, darba
aizsardzbas specialists — vauh);
izglitojamo iesaiste;
apmacibu procesa @rinasana;
iesgeja apnacit darboties, rda darba reina;

informacijas dzsvars;

AN N NN

optimalo (komfortablo) apracibas un pasSizgbSanos apaklu nodroSiasSana satura

pieejambas na;

v informacijas pieejartbas un apmaas iespjas neatkagi no atraSafs vietas un laika,
atalinata darba iespas;

v'merkauditorijasipatribu un vajadibu ie\eroSana, proti, apacibu procesa individualiija;

v' materilu pielagojaniba, savietojama un pieejama, izmantojot daidu IT infrastrukiiru
(piem., apracibu valodu daxoSana, nodroSinot apeibu un metodisko 1tlzelu
tehnol@isko un informavo pieejaribu);

v apvieno interakvu multimediju kombigciju, tai skaif aninmiciju, grafikas elementus, TV,
audio, video, a#lu, tekstu;

v’ izglitojamo motivcijas un ieintere&ibas pieaugums.

v informacijas ieguves procesu (iZtgfjamiem) un datu ievades un apders procesu
(docetajam) atviegloSana;

v’ treSo pusu infor@tibas palielidSana (piem., orgariizijas vadbai paplaSias kontroles
iesfejas);

v/ pedagoga (darba aizsatias spedlista) atskaiSu sagatavoSanas atviegloSana uil@aurn
aizpildiSanas automatizija.

v’ hiperteksta tehnofgjas izmantoSana atvieglo nagaiju starp daZdam materilu veidiem

un funkcigm;
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v individualas, elaggas apracibu trajektorijas izstide, kas nodroSina ne vien Z#anu, bet
aim kompetetiu veidoSanu iz&élétaja joma pretstad stingras apacibu programmas
ieveroSanai.

Sadas tehnolgijas nodrosina akcentu rih uz patsivigu studentu darbu, kaiavodrosina
apmacibu veidu, formu paplasiSanos un atgriezenigk saiknes pastipriSanu apracibas proces

Interakivas IT un multimediju tehnokgjas paver jaunas iegjas apmcibu procesa
pilnveidoSanai un atti®iou veidoSan starp pedagogu un izgjamo. Tehnolgijas dod iespju
dazdot apnacibu procesu un matatus, pilnveidot apracibu saturu un metodiku, paplasin
tradicioralas apnacibu iesgjas padarot to pieejamu ikvienam atbilstogavi€lmem un uztveres
iesgEjam, panakt kvalitaivu, misdiengu un dinamisku zasanu un prasmju apguvi (Wallen at al.
2006; Dino at al. 2013).

levieSot interakivas IT multimediju tehnolgijas materila apgue, rodas iesgja izmantot
visas tehnolgiskas priekSrothas: savienot multivig tekstu, trsdimensiju grafiku, nekugu un
kustgu attlu, audio un videomateus; veidot testus, kas atbilst to @kw sgEjam, kuri nacas;
dazdot apmacibu valodu, un tml., nodroSinot apaibu un metodiskoidlzelu tehnolgisko un
informativo pieejanibu, interakivu apn&cibu procesu — apioibu materilus, konsulicijas pie
pedagogiem, kontroles uzdevumus (Ktsn 2004). Interakvu apnicibas metozu kas ingit
profesionalu darkibu, integéSana apricibu proces lauj savienot statiskus kontentus (tekstugladt
utt.) ar multimediju un interaktajiem komponerm (Educational Multimedia Interakivaja
modul ir iesgjams integét dazdus multimediju risiBjumus: Flash, video, audio, &tf Java
Applets. Integitas interakvo moddu sasivddas apracibu, kontroles un citu funkciju
nodroSirasanailauj paaugstiit apnacibu procesa un aptp zinaSanu kontroles efektiati.

Autorprat, vispientgrotakas izglitojamo paSatstbai ir IT ar multimediju un sfiu, virtualo
trenazieru elementiem, simulatoriem, kas lalstiz visu dabnieku kolekivu un savstag)i
papildinoSo mijiedaribu apnacibu proces, pie tamipaSa uzmaba ppieVers pozitvas icibas un
darlibas demonstjumiem.

Interakivie IT un multimediju risigjumi ir orieneti uz apnacibu atbalstu darba viet
izmantojot virtdlo apmnicibu vidi, kuras galveis priekSrothas ir apracibu procesa pdrinasana,
iesgEja apnacit darboties, iesgpa nodroSiat apnacibu af darba viet uz vietas réla darba reima.
Interakivais apnmacibu modulis ir lieliska vide, lai orgarit intereSuiklus, virtialas studiju vides,
interakivu studiju matealu, apnacibu video, interaktu 3D modéu, virtualus trenazierus, tremus
praktisko iemau atistiSanai, virtdalas konsulicijas, forumus, blogus, vekirus, pasnosrtéjuma
testu, diskusiju grupas fo&ai un nefornalai pieredzes apmgai un citu nisdienu interneta vides
iesgEju lietoSanai neatkagi no to dalbnieku fiziskis atraSafs vietas Buciaobokor 2011;I"ebexoB
2010).
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Tatad, darba aizsarttzas sistmas un ap@acibu nodroSiaSanai var plasi pielietotadus
interakivus IT un multimediju risisjlumus (autora apkopots un papilgiis balstoties uz Floyde at
al 2013; Ho Chun-Ling, Dzeng Ren-Jye 20@@unmnenko 2012)

v’ virtualas laboratorijas un trenazieri praktisko iematistiSanaiarkartas sitdcijas,

interakivo sgElu izmantoSanaggeimifikacija);

v’ teksta, ttsdimensiju grafikas, nekdgti un kusigu at€lu, audio un videomateaiiu
savienoSana multivid
interakivas un vizdlas sastvddas;
apmacibu aninacijas un video filmas;

datu un dokumentuake;

D N N NN

aktivo apnacibu formu un veidu multimediju atbalsts, t.sk. dgud#jas sadaribas un

aktualas reaeSanas ja@jumu risiraSanacata, blogu, vebiiru, forumu, diskusiju forrta;

<

vairaku rezulfitu variantu imificija un demonsicija atkatba no izejas parametriem;

<

paskontroles iesjas;
v’ virtuala atgriezenisk saite.

Darba aizsardbas interakiva modda merkis ir veicirat organizcijas darbinieku (piem.,
izglitibas iestde — docedju, vadbas, apkalpojosa personala, kastudjoSo un darba aizsarit|s
specilista un/vai dienesta) sadaob un mijiedaribu, ka afi vairot izpratni par informcijas un
komunikaciju tehnolgiju piedavatajam iesgjam darba aizsardlzas procesu pilnveidosan

Modula ietvaros pretstat fiksetam un neelasgam apracibu pknam tiek izmantots
apmacibu trajektorijasgdziens, kad izglojamais pats izlas, Kadus jauijumus un &mas papdist,
lai sashiegtu nepiecieSamu kompetencizamu jon, kura viu interes. Misdienas tasliist ipasi
svaligs, jo izgitibas programmas standarti tiek aprakkbmpetengés.

Integetais interakivais modulislaus darbiniekiem regardi un savlaitgi zinot par darba un
darba vides apsflu pozitvam vai draudo&m izmaham, nodroSina individilas un grupu
konsulécijas darbiniekiemérta laika, multimediju un interakvaja vide, regubru persoala
informeSanu par ak@lajiem pagkumiem: kursi, semiiri, obligata vesabas prbaude, racibu
trauksmes, paredta af interakivas atgriezenisis saiknes esava starp darba aizsaibias
dienestu, darba d&w un nodarbiatajiem.

Trenazieri pared#i prasmju un iemgu piestipriraSanai, & af paSapracibam, trenazieri
veicina praktisko iemau atistiSanuarkartas sitacijas, piem., evakicijas gaguma. Dators nejaus
se@ba piediva apnacibu uzdevumus. Ja iZtpjamais sniedz pareizu atbildi,p@m zho par to,
citadi vipam atkhj pareizo atbildi, vai piddr papildus iespju atbildet (klaviatiru trenaZieri,
trenazierisatram lagjumam, drotbas Zmju apgdgiSanas trenazieris un citi.) Demoastju un/vai

video matedli, prezenicijas, elektroniskas gmatas, raksti irparedzti apnmacibu materila
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parskaimai demonsticijai. Informacijas un izzhas matedli — paredzti nepiecieSamas
informacijas izvadei (elektroniskas encikkxpjas ar meldjuma funkcipm, terminu skaidrojumi,
tiegbu aktu sistmas). Imiicijas un modelSanas iespas ir paredgtas objektu un padibu
,simulacijai”. Sadas programmagpasi lietdetgi ir pielietot, kad paidibuistenot ir neiesgami vai
tas ir visai giti
Virtualas laboratorijas ietvaros iegpms demonsdt ricibu arkartas sitdcijas vai

ugunsgeéka izplatbas veidus ufpatnibas. Dokumentu datuabe atri un vienkarsi lauj persoalam
iepadties ar individalo individualas aizsardibas tdzeHu sarakstu, specifiskap instrukcipm un
citu konkitam darbiniekam vaja@igo un aktdlo informaciju. Apmacibu video, prezeatiju, teksta
u.c. matedli atvieglos darbu darba aizsardas spedalistam unlauj iesaist persoalu darba
aizsardmbas aktiviites, bet virtdla aktualas informiacijas izzhoSanas sigtna nodroSina saviaigu
darba aizsardkas informacijas apriti organiacija. Darba aizsardkas interakvaja IT un
multimediju modul tiks piedivati ari ekstra matedili par darba vidi un apatliem kopunma un
konkretaja organizacija, piem., &di tematiskie mateili: darba dzve lidzsvas, stresa
menedzments, psihosala darba vide, izdegSanas sindroms, atslodzesinipgmi darba laik,
utt. Lidz ar to interakvais IT un multimediju modulis palz veikt &das darba aizsarihas
pasikumus organiacija:

v’ ievadinstrukiZzu un regulru instrukizu organizSana,;

v' ugunsdrofas apracibu veikSana;

v personla konsuléSana par konktiem un akt@lajiem jautijumiem (piem.gkas renoicijas

gadjuma radusos specifiskus riska faktorus)

v datu bazu nodroSi8ana (instrukciju, obliijas vesabas @arbauzu saraksti u.c. datazes);

<

personla zimSanu virtdlie parbaudes un kontroles matat;
v' darba vides risku n@wteSanas un darba vides i€j@s uzraudibas pina sakrtoSana un
regubra atjaunosSana;
v prevenivo pagkumu izstidaSana, balstoties uz pieejamo risku &tadsanas rezudtiem, lai
nodroSiratu droSu darba vidi;
v’ virtuala aktuilas informicijas izzhoSanas sisima un anomma inforngSana gr darba
apstik]u izmaham;
v individualas konsulicijas par darba vides apkliem um uzlabojumiem darbavist
v' darba aizsardhas paskumu datu bzes-arliva uztugSanas atbalsts, paredzot auitsko
atgadinajumu iesgjas (piem., ekstra matehi baze, obligitas vesabas farbauzu saraksti,
darbinieku un atbilstoSu amatu individis aizsardibas tdzeu saraksti utt.).
Darba aizsardbas interakva modda tehnisks priekSrotbas:
v salidzinoSi nelielas pralsas datora apatnodroSimjumam;
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plass instrumealtu lidzelu spektrs sakot no vieatsakiem lidz specializtiem.
teksta, grafiskas, video un sles infornacijas izmantoSanas ie3jp;
animacijas, atsatu un navigcijas sistmas pieejaiiba.

iesgEja izmantot gan loMa tikla, gan Internet

modua viegla ndrogoSana un ada#anas sga.

AN N N NN

lietotajiem nepiecieSamas standartdatorprasmes.

Apmacibu materilu, kontroles uzdevumu un citu mddufunkcioralo elementu uzdevums

ir veicinat persoila izpratni par iespamiem risirijumiem, K stiprimat savu persaigo vesabu un

drogbu darba viet, un sniegt metodisku atbalstug keicimat darbinieku un klientu izpratni par
veseibas un cilgkdrogbas jaudjumiem un atbildu attieksmi unicibu ikdienas sitécijas.

Secirajumi

1. IT un multimediju tehnolgijas paver jaunas ie§jas apmcibu procesa pilnveidoSanun
attieadbu veidoSalm starp pedagogu un iZgjamo: do€tajs materilu var parverst par
interakivu, aizraujoSu un izgbjamiem viegli uztveramu, apmtibas Kast izaicinoSas un
aizraujoSas raugoties gan no pedagoga, gan riojagh viedoKa, uzlabojot ne tikai izgfibas
kvalitati, bet ar pievilcibu, palielinot izgitojamo motivciju macities.

2. Interakivie IT un multimediju risigjumi ir orien€ti uz apnacibu atbalstu darba vigt
izmantojot virt@lo apnacibu vidi, kuras galveis priekSrothbas ir nisdiengu un dinamisku
zinaSanu un prasmju apguve, aguibu procesa dadoSana, individualacija, izglitojamo
iesaiste, pieejatha satura, laika un vietasaaj materilu uzskaimiba, neérkauditorijasipatribu
ieveroSana, aflinata darba iespas, komfortablo ap#atibas un paSizgbSanos apaklu
nodroSinasana.

3. Integrtas interakivo moduu sasivdaas apracibu, kontroles un citu funkciju nodro&ganai
lauj paaugstifit apnacibu procesa un aptp zinaSanu kontroles efektivti. Vispienerotakas
audzknu paSatstibai ir IT ar multimediju un <Sfu, virtualo trenazieru elementiem,
simulatoriem, kas bakd uz visu dabnieku kolekivu un savstag)i papildinoSo mijiedaribu
apnmacibu proces, turklat ipaSa uzmaba ppieverS pozitvas ficibas un darbas
demonst@&umiem.

4. Autora piedvataja darba aizsardkas IT multimediju modalir paredzama izgfibas vide, kas
satur daudzveidus instrumentus virlilas g@matas, laboratorijas un trenaZzierus,
videomaterilus, catu, blogus, forumus, veldiru un diskusiju vidi, vaiku rezulitu variantu
imitaciju un demons#ciju, virtualo atgriezenisko saiti un citas aktatés apracibu,
konsul&ciju, paskontroles un administhall vajadzbu nodroSiaSanai.

5. Darba aizsardbas modia funkcioralo elementu uzdevums ir veid@inpersoala izpratni par
iesgEjamiem risirijumiem, ki stiprinat savu persaigo vesabu un drotbu darba viet, un
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sniegt metodisku atbalstu,a kveicinat darbinieku un klientu izpratni par ves®s un
cilvekdrodbas jaudjumiem un atbil@gu attieksmi unicibu ikdienas siticijas.
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