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INTRODUCTION

Topicality of the research. Determination of Earth geomagnetic field
parameters and research of their variation is an actual and complex problem of
natural science. It is related to knowledge of the state of natural physical system
outer parameters of present geophysical and geodynamical processes. Variation
of geomagnetic field is continuous process evident in different Earth surface
places but in different ways. It can be determined by precise measurements.
Precise repeated observations of geomagnetic field parameters at repeat stations
is one of basic methods. For determination of certain epoch geomagnetic field
parameters, detailed information on geomagnetic field and its variations is
necessary.

Data of geomagnetic field research is used for solution of different
theoretical and practical tasks. Dataisimportant for solving tasks of navigation,
geophysics, geodynamics, explorations of minerals. According requirements of
NATO and ICAO (International Civil Aviation Organization) — parameters of
geomagnetic field are presented on the topographic maps and navigation charts
of the air ports. Compass or director is used in geodesy for orientation, when
instrument arrow is oriented along lines of geomagnetic field. Information on
geomagnetic declination is necessary for direction determination in this case.
Value of declination and its annual change is presented on topographical maps.
Geomagnetic and gravimetric data are useful for exploration of minerals.
Gravity value and geomagnetic induction help us to determine position and
depth of minerals. Geomagnetic field data is useful for geodynamic research
when Earth crust movements are related to processes going inside of the Earth.
For above mentioned activities is necessary an accurate and constantly updated
information on geomagnetic field parameters and their secular variations.

Determination of geomagnetic field parameters and their variation in time
has attracted interest of scientists from many natural and technical fields of
science (geophysicists, geologists, surveyors) and resulted in their collaboration
during last decades. Geomagnetic field secular variations is a slow natural
process therefore quality research results are not available in sufficient
quantities, therefore present precise observation results will be valuable for
analysis of long-term changes of geomagnetic field. New theoretical and
practical research is necessary for precise observations. Research methods
should be developed and improved.

Geomagnetic field parameters in Lithuania were determined more than 60
years ago. Secular variations of geomagnetic field parameters were not
investigated therefore such research isimportant to be performed.



Aim and tasks of the work. Determination of geomagnetic field
parameters and their variation on territory of Lithuania. Tasks to be solved:

e Evaluation of exploration of Lithuanian territory geomagnetic field;

e Research of periodical geomagnetic field variations;

e Improvement of methods of determination of geomagnetic field parameters
and their variation;

e Determination of parameters of geomagnetic field and their variation in
Lithuanian territory;

e Examination of possibilities of geomagnetic observatories usage for
reduction of geomagnetic field parameters determined in Lithuanian
territory;

e Improvement of method of astronomic meridian used for the geomagnetic
observations determination;

e Updating of magnetic declination map for the Lithuanian territory;

e Evaluation of World Magnetic Model accuracy in the Lithuanian territory.

Research object. Geomagnetic field in the Lithuanian territory.

Methodology of research. Theoretical and experimental research.
Mathematical, statistical, harmonic and comparative analysis of geomagnetic
field parameters and their variation. Observation data obtained by ground based
methods and results of continuous observations of geomagnetic parameters at
the geomagnetic observatories were used.

Scientific novelty of the research work. Method of geomagnetic field
parameters and their variation determination was improved. Vaues of
geomagnetic field parameters in Lithuania and their secular variations were
determined. Map of magnetic declination in the Lithuanian territory was
updated. Errors of World Magnetic Model (WMM) in the Lithuanian territory
were determined.

Practical value. Geomagnetic field parameters, their variation regularities
for the Lithuanian territory could be used for creation of navigation and special
purpose maps, update and improvement of geomagnetic field models and maps,
and interpretation of geophysical and geodynamical processes.



Defended propositions

e Method of geomagnetic field parameters determination, results of
geomagnetic field parameters determination in the Lithuanian territory and
their secular variation evaluation.

e Improvement of method of astronomic meridian used for the geomagnetic
observations determination.

e Update of magnetic declination map for the Lithuanian territory and
estimation of World Magnetic Model accuracy.

Approval of the research work. Author has published in 11 scientific
publications. Results of research were presented and discussed in the
8 international and 7 national scientific conferences.

The scope of the scientific work. Dissertation consists of introduction, five
chapters, conclusions and suggestions, references (143 sources), list of authors
scientific publications, and annex of 16 pages. Volume of the dissertation is
137 pages. There are 65 pictures and 83 tablesin the dissertation.

THE CONTENT OF THE DISSERTATION

Chapter 1. Problems of geomagnetic field parameters and determination
of their variation. Scientific publications anaysing geomagnetic field
parameters and their determination problems are overviewed in this chapter.
Present situation in the field of geomagnetic research abroad was analysed and
status of such research in Lithuania was estimated in relation to foreign
achievements. Whole territory of Lithuaniawas covered by geomagnetic survey
more than 60 years ago. Secular variation of geomagnetic field parameters were
not researched at all. It isimportant to analyse well the reasons of geomagnetic
field variations, observation methods and practical usage of results before start
of a new research. All these questions are analysed in this chapter. Main
research tasks are described at the end of chapter and their solutions are
presented in the other chapters of dissertation.

Chapter 2. Analysis of short time variations of Earth magnetic field and
the results of research. For determination of geomagnetic field parameters and
their secular variations as well as for improvement methods of determination is
important to analyse other possible changes of geomagnetic field and estimate
these in the right way in research of geomagnetic field. Data of geomagnetic
observatory in Belsk which is close to Lithuania is used for anaysis of
geomagnetic field variations. By analysing mean daily values of geomagnetic



parameters X, Y and Z variations during the year was determined that during
stormy period values of parameters are deflecting respectively from mean
annual values up to: 126 nT, 64 nT and 54 nT. Longest storm was lasting 11
days during the time span researched. It has been noted that storms for al
geomagnetic field parameters happen amost at the same time. It should be
taken into account when geomagnetic field parameter observations are
organized and status of geomagnetic field should be observed during whole
period of observations. It is important to avoid geomagnetic storms during
observation period, because observation data will be distorted by storm. It is
also recommended to have communication line with geomagnetic observatory
during the observations and continue tracking status of geomagnetic field. If
time of observationsiswell selected, large errors of observations and reductions
can be avoided.

Daily variation analysis of parameters X, Y and Z based on data of Belsk
observatory was performed. It was determined that al parameters vary
periodically during the day but amplitude of variation and range varies during
different seasons of the year. Daily range of parameter variation values are
presented in the Table 1. They are computed from mean hourly parameter
values of corresponding periods. Seasons cover following periods: winter:
December 22" — March 21% ; spring: March 21% — June 22™ ; summer: June
22" _ September 23 and autumn: September 23" — December 22™.

Table 1. Range of parameter daily variation during different seasons of the year

Xmax_xmi n Ymax_Ymi n Zma\x_zmi n
Season nT nT nT
Winter 14 30 14
Spring 25 56 26
Summer 34 53 24
Autumn 19 31 13

It can be seen from the table that range of Y and Z parameters variation
during the day is largest in the spring, X parameter — in the summer. Smallest
range of parameters variation is during winter for X and Y parameters, and
during autumn for Z parameter.

Variations of Sun can be distinguished from geomagnetic field parameters
variation rhythm. That is geomagnetic field parameters variation during the day
of Sun. Most attention in the performed research was paid to the Sun’s effect as
largest periodical variation of geomagnetic field. Data were processed by
methods of statistic and harmonic analysis for research of geomagnetic field
parameters periodic variation features. Research of geomagnetic field
parameters D, | and F periodic daily variation due to Sun’'s influence was



performed. Data of Hel geomagnetic observatory, situated in the latitude similar
to Lithuania, during the periods of winter and summer solstice were used. Data
was approximated using third order Fourier coefficients. After analysis of
obtained curves was noticed, that during the summer solstice period, when Sun
declination has largest positive value all geomagnetic field parameters vary in
larger ranges. Daily variations during summer solstice period are: D in the
range of 10.6', | — 1.4' and F — 30 nT. Parameters of winter solstice varied in
ranges. D —-3.5,1-1.1"and F -8 nT.

Sun’s effect at the same local solar time moments at the different stations
located on the same paralel should be similar. Observation data of Hel and
Moscow geomagnetic observatories were taken for proving this statement and
for testing Sun’s daily effect estimation method. Summer solstice period was
selected for the research and daily variations of D, | and F parameters were
analysed. Coincidence of obtained approximated curves when data of
observatories are without shift over the difference of longitudes and with shift
over the difference of longitudes was investigated. After the research it was
determined that curves coincide better, when shifted over the difference of
longitudes.

Correlation coefficients were computed for statistical evaluation if data
shifted over the difference of longitudes have less Sun's effects in
observatories. Coefficients computed between parameters hourly values without
shift over the difference of longitudes and when parameters are shifted. Values
of correlation coefficients are presented in Table 2.

Table 2. Values of correlation coefficients with (without) shift over the difference
of longitudes

Data D I F
Without shift 0.91 0.92 0.94
With shift 0.98 0.99 0.99

It can be seen from the table that Moscow data shifted over the difference
of longitudes much better correlate with data of Hel observatory. This proves
that effect of Sun at the same true local Sun time moment is very similar to
geomagnetic field parameters. Therefore curve of Sun's effect based on
observatory data can be used at other station on the same paralld. If Sun‘s
effect at repeat station is known, it is possible to improve accuracy of parameter
differences determination between values measured at station and observatory.
For this purpose Sun's effect should be eliminated from parameter values
obtained at the point and observatory. This can be effective when number of



observations is small and point longitude differs much from longitude of
observatory. Accuracy of data reduction can be improved in thisway.

Chapter 3. Determination of geomagnetic field parametersin Lithuanian
territory and estimation of their secular variation. Stations of geomagnetic
field secular variation have been designed and established first time in
Lithuaniain 1999. Geomagnetic field parameters have been observed by VGTU
Ingtitute of Geodesy in collaboration with speciaists of Institute of Geodesy
and Cartography, Warsaw in 1999, 2001 and 2004. Author took part in all these
observations. Method suggested by Institute of Geodesy and Cartography,
Warsaw was used for observations. Author has analyzed this method and
performed research on geomagnetic field parameter reduction possibilities. Best
suiting observatory was selected for data reduction. Research on observation
data of 1999 and 2001 was performed. Data were reduced as reference using
observatories of Hel, Lovo, Nurmijarvi and Belsk. Values of parameters (D, |
and F) determined in series at repeat stations were computed as well as
differences of series between stations and observatories were computed. RMS
errors of differences were computed and their evaluation proved that best suited
for all parameters reduction is Belsk geomagnetic observatory.

Data of all observation cycles at repeat stations in Lithuania were reduced
using as reference Belsk geomagnetic observatory. Programmes developed at
Institute of Geodesy and Cartography of Poland were used for data processing.
Data was reduced to 1999.5, 2001.5 and 2004.5 epochs.

Geomagnetic field parameter values at above mentioned epochs at
Lithuanian repeat stations are presented in Tables 3 and 4.

Table 3. Mean annual values of geomagnetic parameters for 1999.5 and 2001.5 epochs
1999.5 2001.5
Repeat station D | F D | F
o " n o ' " nT o ' n o ' " nT
Ziezmariai 55755 | 694533 | 50498.5 | 60932 | 694703 | 50570.3
Dusetos 53927 | 702749 | 50975.1 | 55022 | 702858 | 51053.2
Parovéja 53129 | 704149 | 50070.1 | 54245 | 704347 | 50145.1
Saukotas 40451 | 701806 | 49938.5 | 41604 | 701943 | 50013.0
Tryskiai 45748 | 703949 | 50207.1 | 50909 | 704153 | 50278.5
Syliai 42417 | 704215 | 50815.0 | 43616 | 704400 | 50890.3
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Table 4. Mean annual values of geomagnetic parameters for 2004.5 epoch
Repeat station | D " o l " n'fl'
ZieZmariai 62654 | 6949 10 | 50690.4
Dusetos 60737 | 703106 | 51174.7
Parovéja 60105 | 704548 | 50267.2
Saukotas 43514 | 702206 | 50126.8
TrySkial 52901 | 704336 | 50397.2
Syliai 45554 | 704540 | 51010.0

From last observation cycle results is possible to see that declination in
Lithuanian repeat stations varies in the range from 4° 35' to 6° 27, inclination
from 69° 49' to 70° 45', and geomagnetic induction from 50126 to 51174 nT.

Three observation cycles of geomagnetic field parameters were performed
in Lithuania. Mean annual variation of parameters during periods of 1999.5—
2001.5 and 2001.5-2004.5 was estimated and presented in Table 5.

Table 5. Mean annual variation of geomagnetic field parameters for the periods of
1999.5-2001.5 and 2001.5-2004.5

Mean annual variation
Repeat station 5 1999.5I—200] 5 = 5 2001.5I—2004 5 =
v v T Vo - nT
ZieZmariai 548 045 36 547 042 40
Dusetos 527 034 39 545 043 40
Parovéja 538 059 38 607 040 41
Saukotas 536 048 37 623 048 38
TryKiai 540 102 36 637 034 40
Syliai 559 052 38 633 033 40

From table it is possible to see that largest annual variation value for
declination was 6' 37", for inclination 1' 02" and geomagnetic induction 41 nT.
Annual variation of declination decreased in 2001.5-2004.5 in relation to
1999.5-2001.5 in the South of the country but increased in the North.
Inclination annual variation during the same periods increased in the East of the
country but decreased in the West. Geomagnetic induction annual variation
increased everywhere except of central part of the country. It has been noticed
that annual variation values for all parameters changed more in the North West
of the country.

Chapter 4. Research of determination possibilities of astronomic

meridian used in geomagnetic observations. It is necessary to determine
direction of astronomic meridian for research of geomagnetic field parameters
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and their secular variation. Possibilities of astronomic meridian determination
were investigated. Most attention was paid to the method of astronomic azimuth
determination from Sun’s hour angle, because this method is most often used in
research of geomagnetic field. For astronomic meridian determination from
Sun’s hour angle and for reduction of errors effect it is necessary to determine
allowable coefficient K values. Coefficient values express velocity of Sun‘s
azimuth change.

_ 15cosdcosq
snz '

K )

where 6 — declination of the Sun, g —paralax angle, z — zenith distance of

the Sun.

Value of coefficient K will decrease by increasing zenith distance of Sun
and by performing observations when Sun is closer to horizon. K will decrease
by increasing absolute value of Sun‘s declination. Coefficient K variation from
Sunrise to Sunset at true Sun time m, moments with different values of Sun‘s

declination are presented in Fig 1.
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Fig 1. Daily variation of K coefficient

It is clear from the graph that curves of coefficient K values are
symmetric true midday-wise. Therefore the best time for azimuth determination
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is in the morning or evening, when coefficient values are smaller and zenith
distance of Sun is large enough, but bellow 80°. Atmospheric fluctuations and
sidelong refraction effect is increasing with larger zenith distance. With
approaching winter solstice the uninterrupted observations can be performed
even during midday, but total time suitable for observations is increasing when
summer solstice is approaching. Latitude and Sun's declination errors influence
can be reduced by selecting for observations symmetric Sun's positions
meridian-wise.

Astronomic coordinates of the station of observations should be known for
station astronomic azimuth of the direction determination. Astronomic
coordinates can be computed from known geodetic coordinates and astronomic-
geodetic vertical deflection from formulas:

¢=B+E, @

1
A=L+-—mnseco, 3
15T] ¢ €)

where B — geodetic latitude; L — geodetic longitude, expressed in hourly
units; & — astronomic-geodetic vertical deflection component at meridian; n —

astronomic-geodetic vertical deflection component at first vertical.

When only geodetic coordinates of station are known for determination of
astronomic azimuth of the direction the common theory of geodetic astronomy
should be used.

Chapter 5. Updating of Lithuanian territory magnetic declination map
and evaluation of World Magnetic Model accuracy. Declination map of
1940.5 epoch created by prof. K. Slezevicius for Lithuanian territory was
updated by using data of neighbouring observatories. Based on neighbouring
observatories data, the change of declination from 1940.5 epoch to 2000.5
epoch was computed. By adding computed declination change to the values of
1940.5 epoch map the updated map of declination was obtained. Errors of
updated declination map at repeat stations are bellow 1°. Declination map of
prof. K. Slezevi¢ius was also updated by using data from new observation
stations and four neighbouring observatories. Declination map updated to
2000.5 epoch is presented in Fig 2.

13



21° ‘ 22° ‘ 2‘3° ‘ 221" ‘ 2”5" ‘ 26°
Fig 2. Updated declination map

Accuracy of World Magnetic Model WMM-00 in Lithuanian territory was
examined. Errors of model WMM-00 were tested by two methods: by
comparing declination values computed from model with values obtained at
repeat stations and by comparing model values with values of updated map
from 1940.5 epoch. Model errors at repeat stations were up to 1°. Differences
between model WMM-00 and declination map of SleZevicius updated to 2000.5
epoch areillustrated in Fig 3.

56

55 4

54

2:‘L" 2‘2" 2:"»" 24° 2%“ 2%"
Fig 3. Map of differences between updated map of SleZevicius for epoch 2000.5 and the
model
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Model errors within the territory of Lithuaniareach up to 1.5° as seen from
Fig 3, but in the North East of the country up to 4°.

CONCLUSIONS AND SUGGESTIONS

1. Analysis of geomagnetic field exploration in the Lithuanian territory was
performed. Geomagnetic parameters for the Lithuanian territory were
determined in 1940.

2.  Edtimation of geomagnetic storms effect on geomagnetic parameters
variation was performed. It was determined that during storms the values
of all parameters can deflect considerably from mean annual values.
Considering this, it is important to organize geomagnetic field parameters
observation in the right manner. It is advisable to observe status of
geomagnetic field during observations, under the necessity interrupt or
continue the observations.

3. Based on the data of geomagnetic observatories analysis of the
geomagnetic field parameters X, Y and Z variation during the day in the
latitudes similar to Lithuania was performed. It was determined that all
parameters vary periodically during the day but amplitude of variation and
range vary during different periods of the year. Range of Y and Z
parameters variation during day is largest in spring (Y up to 56 nT, Z up to
26 nT), X parameter —in summer (up to 34 nT). Smallest range of X and Y
parameters variation is in winter (X up to 14 nT, Y up to 30 nT), while Z
parameter — in autumn (up to 13 nT).

4. By applying methods of statistical and harmonic analysis the method of
Sun's daily effect to geomagnetic field parameters was analysed. Sun’s
effect versus Sun’s declination angle was estimated. By knowing Sun’s
daily effect at repeat station and observatory is possible to improve
accuracy of observation data reduction. This can be effective when small
number of observations is performed and there is a larger longitude
difference between point and observatory.

5. Magnetic declination, inclination and geomagnetic induction was
determined at the Lithuania repeat stations for epochs of 1999.5, 2001.5
and 2004.5. Range of parameter values in Lithuanian territory:
declination — 1°53', inclination — 58' and geomagnetic induction — 1048 nT.
Errors of parameter determination for declination are bellow 1.6', for
inclination — 0.7' and geomagnetic induction — 7 nT. Largest declination
values are determined in ZieZmariai station, inclination — in Parovéja
station and geomagnetic induction — in Dusetos station. Lowest values of
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10.

declination and geomagnetic induction are in Saukotas station, inclination—
in ZieZmariai station.

Research of geomagnetic observatories suitability for reduction of
geomagnetic observations data was performed. Based on this research
Belsk geomagnetic observatory was determined as best suited for the
reduction of Lithuanian observation data.

Based on the geomagnetic field parameters observation data from periods
1999.5-2001.5 and 2001.5-2004.5 their annual variations were estimated.
Largest values of annual variations of declination have reached 6' 37" (in
Tryskiai station), inclination up to 1' 02" (in Tryskiai station) and
geomagnetic induction up to 41 nT (in Parovéja station). Annual variations
of declination in the Southern Lithuania decreased in 2001.5-2004.5 if
compared with period 1999.5-2001.5, but in the Northern part increased.
Annual variation of inclination during the same periods increased in the
Eastern Lithuania and decreased in the Western Lithuania. Geomagnetic
induction annual variation increased everywhere except of central part of
the country. It was noticed that in Northern-western part of the country
annual variation of all parameters have changed more.

For determination of astronomic meridian direction from Sun hour angle
and for reduction of al errors effect it isimportant to determine allowable
coefficient K values by taking into account desirable accuracy of Sun‘s
azimuth and error of hour angle. These values describe most suitable
position of Sun for the observations. Zenith distance of Sun should be
bellow 80°. Effect of latitude and Sun‘s declination errors could be
reduced by selecting Sun's position symmetric on the sides of meridian.
Accuracy of direction of astronomic meridian can be improved by
applying this method, therefore magnetic declination accuracy will
improve as well.

It is desirable that instrument used for the astronomic azimuth
determination should have a level on the trunnion axis and astronomic
reticle. Trunnion axis inclination should be estimated by removable level
when horizontal angle between selected direction and Sun is measured.
Moment of Sun’s passes should be fixed by accuracy of 0.1°.

By using data of neighbouring observatories the 1940.5 epoch map of
declination created by prof. K. Slezevi¢ius was updated. Declination errors
of updated map at the repeat stations were bellow 1°. Map of declination
created by prof. K. SleZevicius was updated by using new observation data
at repeat stations and data of four neighbouring observatories.

16



11

12.

Accuracy of World Magnetic Model WMM-00 for the Lithuanian territory
was tested for the first time. Within the territory of Lithuania model errors
reach up to 1.5°, but in the North East of the country up to 4°.
Observations at the Lithuanian repeat stations should be performed every 2
years. New survey of geomagnetic field should be made as well.
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LIETUVOSTERITORIJOSGEOMAGNETINIO LAUKO
PARAMETRU IR JU KITIMO NUSTATYMAS

Santrauka

Darbo aktualumas. Geomagnetinio lauko parametry nustatymas ir ju
variacijy tyrimas yra aktuali ir sudétinga Zemés moksly problema, susijusi su
gamtinés fizikinés sistemos — dabartiniy geofiziniy bei geodinaminiy procesy —
iSoriniy bavio parametry pazinimu. Geomagnetinio lauko variacijos yra
vykstantis procesas, skirtinguose Zemés pavirdaus tadkuose pasireidkiantis
nevienodai ir ji imanoma nustatyti tiksliaisiais matavimais. Vienas pagrindiniy
metody — tikslas pakartotini geomagnetinio lauko parametry matavimai amZiy
variaciju tyrimo punktuose. Norint nustatyti tam tikros epochos geomagnetinio
lauko parametrus, butina detali informacija apie geomagnetini lauka ir jo
kitima.

Geomagnetinio lauko tyrimy duomenys panaudojami jvairiems teoriniams
ir praktiniams uzdaviniams spresti. Jie svarbiis sprendZziant navigacijos,
geofizikos, geodinamikos, naudinguju iSkaseny paiesky uzdavinius. Pagal
NATO ir ICAO (angl. International Civil Aviation Organization) reikalavimus
geomagnetinio lauko parametrai pateikiami topografiniuose ir oro uosty
navigaciniuose Zemélapiuose. Geodezijoje orientavimui kartais naudojamas
kompasas ar busol¢, kada ju rodyklé orientuojasi pagal geomagnetinio lauko
linijas. Krypcia nustatyti Siuo atveju reikalinga Zinoti geomagneting
deklinacija. Deklinaciju vertés bei ju metinis pakitimas pateikiami
topografiniuose Zemélapiuose. Naudinguju iskaseny paiedkai naudingi tiek
gravimetriniai tiek geomagnetiniai duomenys. ISmatuotas sunkio pagreitis bei
geomagnetiné indukcija (imagnetinimas) padeda nustatyti naudinguju iSkaseny
klodus ir ju gyli. Geomagnetinio lauko duomenys naudingi ir geodinaminiams
tyrimams, kada Zemés plutos judesiai sigjami su Zemes viduje vykstangiais
procesais. Visiems Sems darbams relkalinga tiksli pastoviai atnaujinama
informacija apie geomagnetinio lauko parametrus bel ju kitima — amZiy
variacijas.
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Per paskutiniuosius deSimtmecius geomagnetinio lauko parametry ir ju
pokycio laike nustatymas susilauké didelio jvairiuy sri¢iy gamtos ir technikos
moksluy (geofiziky, geologu, geodezininky) specialisty susidoméjimo ir
aktyvaus bendradarbiavimo. Kadangi geomagnetinio lauko amZiy variacijos yra
létal vykstantis gamtinis procesas, kokybisky tyrimu rezultaty sukaupta nedaug
ir Siuo metu atliekamy tiksliy matavimy rezultatai bus vertingi analizuojant
geomagnetinio lauko ilgalaiki pokyti. Tiksléjant matavimams reikaingi nauji
teoriniai ir praktiniai tyrimai. Batina kurti bei tobulinti tyrimy metodika.

Lietuvos teritorijoje geomagnetinio lauko parametrai nustatyti daugiau
kaip prieS 60 mety. Geomagnetinio lauko parametry amZiy variacijos nebuvo
tirtos, todél svarbu tokius tyrimus atlikti.

Mokdlinig tyrimg tiksas. Nustatyti Lietuvos teritorijos geomagnetinio
lauko parametrusir ju kitima. Sprendziami Sie uzdaviniai:
e [vertinti Lietuvos teritorijos geomagnetinio lauko istirtuma;
o Atlikti periodiniy geomagnetinio lauko variaciju tyrima;
¢ Patobulinti geomagnetinio lauko parametry ir ju kitimo nustatymo metodika;
e Atlikti geomagnetinio lauko Lietuvos teritorijoje parametry nustatyma ir ju
variacijy tyrimus;
o | &tirti geomagnetiniy observatorijy panaudojimo Lietuvos teritorijoje gautiems
geomagnetinio lauko parametry matavimo duomenims redukuoti galimybes;
e Patikdinti geomagnetiniuose matavimuose naudojamo  astronominio
dienovidinio nustatymo metodika;
e Atnaujinti Lietuvos teritorijos magnetinés deklinacijos Zemélapi;
e [vertinti pasaulinio geomagnetinio lauko modelio tiksuma Lietuvos
teritorijoje.

Tyrimy objektas. Lietuvos teritorijos geomagnetinis laukas.

Tyrimyg metodika. Teoriniai ir eksperimentiniai tyrimai. Geomagnetinio
lauko parametry ir jy kitimo matemating, statisting, harmoning ir palyginamoyji
analizé. Tyrimams naudojami antzeminiais metodais gauti matavimy duomenys
ir geomagnetinése observatorijose istisiniai geomagnetiniy parametry matavimy
rezultatai.

Mokdlinis darbo naujumas. Patobulinta geomagnetinio lauko parametry
bei ju kitimo nustatymo metodika. Lietuvos teritorijoje nustatytos
geomagnetinio lauko parametry vertés bei ju amzZiy variacijos. Atnaujintas
Lietuvos teritorijos magnetinés deklinacijos Zemélapis. Pirma karta nustatytos
pasaulinio geomagnetinio lauko modelio WMM paklaidos Lietuvos teritorijoje.
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Praktiné verte. Nustatyti Lietuvos teritorijos geomagnetinio lauko
parametrai ir ju kitimy désningumai gali bati panaudoti sudarant navigacinius
bei kitus specialios paskirties Zemélapius, atnaujinant ir patikslinant
geomagnetinio lauko modelius bei Zemélapius, interpretuojant geofizinius bei
geodinaminius procesus.

Ginamigji teiginiai
e Geomagnetinio lauko parametry nustatymo metodika, Lietuvos teritorijoje
parametry nustatymo ir ju amziy variaciju tyrimy rezultatai.
e Geomagnetiniuose matavimuose naudojamo astronominio dienovidinio
nustatymo metodikos patobulinimas.
e Lietuvos teritorijos magnetinés deklinacijos Zemélapio atnaujinimas ir
pasaulinio geomagnetinio modelio tikslumo jvertinimas.

Darbo aprobavimas. Autoriaus moksliniy publikaciju saraSa sudaro
11 straipsniy. Tyrimy rezultatai pristatyti ir aptarti 8 tarptautinése ir
7 respublikinése mokslinése konferencijose.

Darbo apimtis. Darbg sudaro jvadas, penki skyriai, darbo rezultaty
apibendrinimas ir rekomendacijos, 143 pavadinimy literataros Satiniy sarasas,
autoriaus skelbty publikaciju saraSas, 16 puslapiy priedas. Bendra darbo
apimtis— 137 puslapiai. Darbe yra 65 paveiksai ir 83 lentelés.

Ivade pagristas nagrinéjamy problemy aktualumas, suformuluctas darbo
tikslas, apraSyti tyrimu metodai, mokslinis naujumas, aptarta praktiné darbo
reikdme.

Pirmajame skyriuje analizuotos mokslo publikacijos, kurios liecia
geomagnetinio lauko parametry ir ju kitimo nustatymo problemas. |3analizavus
Lietuvoje darytus geomagnetinio lauko tyrimus ir jvertinus ju lygi kity Saliy
atzvilgiu, buvo patikslinti pagrindiniai darbo uzdaviniai, kurie sprendziami
kituose darbo skyriuose.

Antrgjame skyriuje panaudojant geomagnetiniy observatorijy duomenis
iSnagrinéti trumpalakia geomagnetinio lauko parametry kitimai. Pasitlyta ir
pratestuota Saulés poveikio geomagnetiniam laukui jvertinimo metodika, kuria
tikslinga naudoti siekiant padidinti duomeny redukavimo tiksluma.

Trecigjame skyriuje pristatyti naujausi Lietuvoje atlikti geomagnetinio
lauko parametry amzZiy variaciju tyrimai ir ju rezultatai. Atlikti duomeny
redukavimo galimybiy tyrimai, Kkuriais remiantis parinkta tinkamiausia
observatorija duomenims redukuoti.
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Ketvirtajame skyriuje iSnagrinétos astronominio dienovidinio, batino
geomagnetinio lauko tyrimuose, nustatymo galimybés. Daugiausia démesio
skirta astronominio azimuto, nustatomo pagal Saulés valandinj kampa metodui.
IStirtos geriausios matavimu salygos, kuriy tikslinga prisilaikyti siekiant kuo
tikdiau nustatyti astronominj azimuta.

Penktagjame skyriuje iSanalizuoti deklinacijos Zemélapio atnaujinimo
metodai. Atnaujintas 1940 m. deklinacijos Zemélapis bei jvertintas Lietuvos
teritorijoje pasaulinio geomagnetinio lauko modelio tikslumas.

DARBO REZULTATU APIBENDRINIMAS IR REKOMENDACIJOS

1. Atlikta Lietuvos teritorijos geomagnetinio lauko istirtumo analize.
Geomagnetinial  parametrai  visoje teritorijoje, vykdant magneting
nuotrauka, buvo nustatyti 1940 metais.

2. Atliktas geomagnetiniy audry, galimu Lietuvos teritorijoje, jtakos
geomagnetiniy parametry kitimui jvertinimas. Nustatyta, kad audros metu
visy parametry vertés gali Zymiai nukrypti nuo vidutiniy metiniy verciy.
Atsizvelgiant | tal svarbu tinkamai organizuoti geomagnetinio lauko
parametry matavimus, matavimy metu tikslinga stebéti geomagnetinio
lauko biikle, esant reikalui, juos nutraukti arba pratesti.

3. Remiantis geomagnetiniy observatoriju duomenimis atlikta geomagnetinio
lauko parametry X, Y ir Z kitimo per para, platumose artimose Lietuvai,
anaizé. Nustatyta, kad visi parametrai per para kinta periodiskai, tagiau
skirtingais mety laikais kitimo amplitudé ir diapazonas yra nevienodas. Y
ir Z parametry paros kitimo diapazonas didZiausias yra pavasari (Y iki 56
nT, Z iki 26 nT), X parametro — vasara (iki 34 nT). X ir Y parametry
maZiausias kitimo diapazonas yra Ziema (X iki 14 nT, Y iki 30 nT), 0 Z
parametro — rudeni (iki 13 nT).

4. Takant statistini ir harmoninés analizés metodus iSnagrinéta metodika
Saulés per para poveikiui i geomagnetinio lauko parametrus jvertinti.
Ivertinta Saulés poveikio priklausomybé nuo Saulés deklinacijos. Zinant
Saulés poveiki per para geomagnetiniy matavimy punkte ir
observatorijoje, galima padidinti matavimo duomeny redukavimo
tikduma. Pasitlyta metodika gali bati efektyvi ka atliekama mazai
matavimy ir kai yra didesnis punkto ir observatorijos ilgumy skirtumas.

5. Lietuvos teritorijoje pirma karta jrengtuose geomagnetinio lauko amziy
variaciju tyrimo punktuose 1999,5 m., 2001,5 m. ir 2004,5 m. epochoms
nustatyta magnetiné deklinacija, inklinacija ir geomagneting indukcija
Parametry nustatymo paklaidos deklinacijai nevirSija 1,6', inklinacijai —
0,7' ir geomagnetinés indukcijai — 7 nT. Parametry veréiy diapazonas
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10.

amziy variaciju tyrimo punktuose deklinacijos yra 1°53', inklinacijos 58' ir
geomagnetinés indukcijos 1048 nT. DidZiausios deklinacijos vertés yra
ZieZmariy punkte, inklinacijos — Parovéjos punkte o geomagnetinés
indukcijos — Dusety punkte. MaZiausios deklinacijos ir geomagnetinés
indukcijos vertés yra Saukoto punkte, inklinacijos — Ziezmariy punkte.
Atlikus geomagnetiniy observatorijy tinkamumo geomagnetiniy matavimo
duomenims redukuoti tyrimus nustatyta, kad Lietuvos teritorijoje atlikty
matavimy duomenims redukuoti geriausiai tinka Belsko geomagneting
observatorija.

Remiantis geomagnetinio lauko parametry matavimo duomenimis 1999,5—
2001,5 m. ir 2001,5-2004,5 m. laikotarpiuose, jvertintas ju metinis
pakitimas. Didziausios metiniy pakitimy vertés deklinacijai sieké iki 6' 37"
(Tryskiu punkte), inklinacijai — iki 1' 02" (TrySkiu punkte) ir
geomagnetine indukcijai — iki 41 nT (Parovéjos punkte). Pietinéje Salies
dalyje 2001,5-2004,5 m. laikotarpyje deklinacijos metinis pakitimas
lyginant su 1999,5-2001,5 m. laikotarpiu sumaZéjo, Siauringje dalyje
padidéjo. Inklinacijos metinis pakitimas lyginant tuos pagius laikotarpius
rytingje dalyje padidéjo, vakaringje — sumaZéjo, 0 geomagnetings
indukcijos visur i3skyrus centring Salies dali metinis pakitimas padidéjo.
Pastebéta, kad Saurés-vakarinéje Salies dalyje visy parametry metinis
pakitimas buvo didesnis.

Nustatant astronominio dienovidinio krypti pagal Saulés valandini kampa
ir siekiant sumazinti visy paklaidy jtaka, pirmiausia reikia, atsizvelgiant |
norima gauti Saulés azimuto tiksuma ir valandinio kampo paklaida,
nusistatyti leistinas koeficiento K vertes. Sios vertés apibréZia
tinkamiausias matavimams Saulés padétis. Matavimy metu  Saulés
zenitinis nuotolis neturi virdyti 80°. Platumos ir Saulés deklinacijos
paklaidy jtaka galima sumaZinti pasirenkant matavimams dienovidiniui
simetrikas Saulés padétis. Taikant Sia metodika baty galima tiksliau
nustatyti astronominio dienovidinio krypti, o tuo paciu padidinti ir
magnetinés deklinacijos tiksluma.

Pageidautina, kad prietaisas, naudojamas astronominiam dienovidiniui
nustatyti, turéty gulstiuka, uzdedama ant horizontaiosios aSes, ir
astronomini sialeliy tinkleli. Matuojant horizontalyji kampa tarp
pasirinktos krypties ir Saulés, uzdedamuoju gulstiuku reikia jvertinti
prietaiso horizontaliosios aSies posvyri. Saulés peréjimy momentus reikia
fiksuoti ne maZesniu kaip 0,1 sekundeés tikslumu.

Naudojant kaimyniniy observatoriju duomenis athaujintas 1940,5 m.
epochos prof. K. SleZeviciaus deklinacijos Zemelapis. Atnaujinto
Zemélapio deklinacijos paklaidos amziy variaciju tyrimo punktuose
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nevirSja 1° Prof. K. Slezeviciaus deklinacijos Zemélapis taip pat
atnaujintas panaudojant nauju matavimy punktuose duomenis ir keturiy
kaimyniniy observatorijy duomenis.

11. Pirma karta jvertintas pasaulinio WMM-00 geomagnetinio lauko modelio
Lietuvos teritorijoje tikslumas. Nustatyta, kad modelio paklaidos Siaurés
rytinéje Lietuvos dalyje siekiaiki 4°. Kitose vietose modelio klaidos siekia
iki 1,5°.

12. Matavimus Lietuvos geomagnetinio lauko amZiy variacijy tyrimo
punktuose reikia kartoti kas 2 metus. Taip pat tikslinga atlikti nauja visos
teritorijos geomagnetinio lauko nuotrauka. Lietuvos teritorijos
geomagnetinio lauko parametry ir ju kitimo nustatymo tiksluma padidinty
naujai isteigta Lietuvoje geomagnetiné observatorija.
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