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IEVADS

Atbilstosi misdienu izpratnei izpilditie precizas niveléSanas darbi
Latvijas teritorija veikti salidzinosi regulari. Var uzskatit, ka $T teritorija zinama
veida pat ir kalpojusi par vésturisku poligonu — izméginajumu vietu daudzu
niveléSanas vai zemes virsmas augstumu uzmériSanas darbu organizacijai, un
Seit [1dzigi darbi tika sakti un attistiti gandriz paraléli ar daudzviet pasaulé un
seviski Eiropa uzsaktiem geodézisko mérijumu pétijumiem un nopietna apjoma
darbiem. Jau pieminot tikai taddu pasakumu ka Strives meridiana loka
uzmérisanu, kura veidojosie elementi Skérsoja miisdienu Latvijas teritoriju,
jaatzist, ka daudzi nopietni geod@zijas darbu pirmsakumi koncentr&jas un sakas
Saja Eiropas regiona teritorija.

Latvijas teritorija niveléSanas darbus saka izpildit sakot no 19.gs. 70-
tajiem gadiem un ar nelieliem partraukumiem turpingjas lidz misdienam.
Pieméram, Latvijas teritorija 20. gadsimta tika izpilditas trTs I klases (augstakas
precizitates) niveléSanas kampanas. Pirmo veica laika perioda no 1929. gada
lidz 1939. gadam, otro no 1967. gada lidz 1974. gadam un p&dgja — tresa, kuru
saka gatavot minéta gadsimta p&d&jos gados, tika reali izpildita laika no 2000.
gada lidz 2010. gadam, t.i., jau 21. gadsimta sakuma.

Padomju laika izpilditie nivelg§jumi kalpoja par bazi jaunas augstuma
sisteémas ievieSanai PSRS teritorija, taja skaita tai dalai, kura attiecinama uz
Latvijas teritoriju. legiitos rezultatus nosauca par 1977. gada Baltijas normalo
augstumu sistému, kuru Latvija lietojam ar1 lidz Sai dienai, kad tiek risinats
jautdjums par valsts augstuma sisttmas mainu — turpmak to piesaistot
Amsterdamas augstumam jeb EVRS.

Atgiistot valstisko neatkaribu 1991. gada Latvijas valstij bija jaatsak
savas — valsts geodéziskas sistémas atjaunoSana, praktiski veido$ana no jauna.
Taja skaita tika uzsaka ari valsts augstuma sist€émas atjaunosanu ka kopgjas
Valsts Geodéziskas atbalsta sistémas sastavdalu. Augstuma sist€émas izveides
sakuma par pamatu tika izveértéta un lictota visa uz neatkaribas atgtiSanas laiku
pieejama un iegiistama informacija par valsts teritorija un tas tuvuma lietotajam
augstuma sistémam, ka arT to izveidei un uztur@Sanai lietotie augstuma
mérjumu dati vai to apstrades rezultati. Esosas informacijas padzilinata izpéte
un jaunas sistémas projekt€Sana izvirzija prasibas péc nopietniem
pamatojumiem, saistaimiem ar véra nemamiem izpétes un analizes darbiem,
kuri bija laikietilpigi. Taja pasa laika praktiski bija nekavgjoties janodroSina
augstumu sisteémas pakalpojumi dazadu valsts, paSvaldibu funkciju un
sabiedribas vajadzibu realizacijai, tap€c sakotng&ji pienéma lémumu parnemt un
turpinat lietot valsts teritorija uz neatkaribas atjaunoSanas bridi lietoto augstuma
sisttmu, kuras sakuma punkts nu jau atrodas citas valsts teritorija — KronStaté
(Krievija). Parnemtie dokumenti par lietoSana eso$o augstima sistému un to
kvalitati iezZim&ja virkni problému §1s sist€mas veidotajiem un uzturétajiem.



Ieprieksgjos periodos iegiito I klases nivelgjumu rezultatu lauku datu
analize ka pirmaja, ta arT otraja kampana (epoha) nebija realiz€jama, jo lauku
mérfjumu dati atrodas arpus Latvijas un izp&tei nav pieejami. Pieejami bija tikai
katalogi ar izrékinatam geodézisko punktu augstuma un izlidzinato
paaugstindjumu vértibam — t.i jau apstradati dati. Sada situacija nedeva iesp&jas
ne tikai pilnvertigi izvertét §is informacijas kvalitativos raditajus, bet ari
nodros§inat So datu kvalitativu transformaciju uz patreiz€jo zemes virsmas
stavokli, nemot véra Zemes garozas kustibu ictekmes ilgstosSos laika posmos.
A valsts teritorijas vertikalo kustibu modelis vargja balstities tikai uz agrak
izstradatiem secindjumiem, bet ne realu meérjjumu apstrades rezultatiem.
Situacija izgaismoja jaunas Valsts augstumu sist€mas izveidoSanas un
turpmakas uzturéSanas kvalitates problémam, kuras laika gaita pieaugtu. Lai
risinatu problémas, tika izstradats valsts augstuma sist€mas attistibas
planojums, kura ietvaros tika uzsakta sistematiska augstumu merjjumu datu
ieguve un uzkrasana — tika sakti valsts niveléSanas darbi.

Jaunie valsts niveleésanas tikla atjaunoSanas darbi, kuru sastava ietilpa
ieprick$€jo niveléSanas Iliniju atjaunoSana un rekonstrukcija un I klases
(augstakas precizitates) lauka mérijjumi tika izpilditi laika no 2000. gada lidz
2010. gadam. Iegitie lauka merfjumu dati radijusi bazi pasreiz lieto$ana esosas
sisttmas pilnveértigam noveérté§jumam, gan iepricks¢jas lietotas informacijas
kvalitates un precizitaSu izveért€Sanai, gan zemes virsmas vertikalo kustibu
modela atbilstibas izvért€§jumam un aktualizéSanai un visbeidzot esos$as
augstumu sist€mas atbilstibas izvertésanai Sodienas prasibam.

Promocijas darba tiek risinatas iepriek§ minéto augstumu sistémas
attistibas priekslikumu izstrades un to pamatojumi. Pamatojumu radiSanai tika
izmantoti jauno mérjjumu rezultati. Darba ietvaros tika noteikti un novertéti
izpildito I klases nivelgjumu precizitates raditaji un to vertibas, veicot lauku
datu analizi. Lai iegiitu iesp&jami pilnvertigaku rezultatu, merijjumu lauku datu
analize tika veikta dazados griezumos, nosakot dazadu kliidu lielumus. Tas lauj
identificét dazadu faktoru ietekmi uz me@rjjumu procesiem, lietotajiem
instrumentiem un to komplektiem, iegilitajiem rezultatiem un nivelé$anas
darbiem kopuma, pieméram, refrakcija, tapu noturiba, temperatiru ietekme,
instrumentu un tehnisko risindjumu izvéle u.c. Lidz Sim Latvija $ads
niveléSanas lauka darba rezultatu novert§jums nav veikts. Ta izpilde lauj
parbaudit lidz Sim veikto mérfjjumu metodiku, nodroSina analizes iesp&jas
dazadu faktoru ietekmes samazinasanai, lai nakotné paaugstinatu nivelgjumu
precizitates raditajus. lepriekSmingtais radija iesp&u salidzinat rezultatus ar
kaiminvalstu precizitates raditajiem. Tika izmantota iespgja konsultéties un
iepazities ar skandinavu specialistu pieredzi, kas Sos darbus jau pildijusi
lielakos apjomos. Daba autors, pétot datu apstrades metodikas, ir guvis atzipu,
ka miisu valsts specialistu un arvalstu kolegu uzskati par galvenajiem mérjjumu
kliidu raditajiem un to pielaujamajiem lielumiem ir vienadi.



Pétijjuma nosléguma secinats, ka, balstoties uz ieglito materialu
apstradi un analizi, izdevas izstradat un pamatot tehniskus un organizatoriskus
priekslikumus valsts augstumu sisteémas talakas attistibas modela izstradei, ka
arT izstradat priekslikumu modela prototipam.

Pétijuma objekts: Latvijas niveléSanas pamattikla izp&te.
Pétijuma priekSmets: Latvijas nivel€Sanas tikla rekonstrukcija.

Pétijuma meérkis: veikt Latvijas niveleSanas pamattikla novertgjumu,
pamatojoties uz I klases nivel&$anas rezultatiem, izstradat un pamatot tehniskus
un organizatoriskus priekslikumus valsts augstumu sisteémas talakas attistibas
modela izstradei.

Pétijjuma  hipotéze: Latvijas niveléSanas pamattikls pilda
tautsaimniecibai nepiecieSamas funkcijas, ja:
1. tas ir rekonstruéts atbilsto$i precizas niveleéSanas prasibam;
2. tiek pemtas vera Zemes garozas vertikalas kustibas Latvija;
3. tas funkciong atbilstoSi promocijas darba izstradatajam augstumu sist€émas
talakas attistibas modelim.

Petijuma uzdevumi:

analizet ieprieks veikto precizo nivelgjumu rezultatus Latvija;

2. analiz&t atjaunota (2000. — 2010.) I klases niveléSanas tikla m&rfjumu
precizitati, tai skaita galvenos klidu avotus, atjaunota tikla kvalitati un
sniegt rekomendacijas nivelé§anas darbu precizitates paaugstinasanai;

3. izstradat Zemes garozas vertikalo kustibu dinamikas modeli, prognozét ta

ietekmi uz niveléSanas tikla precizitati;

izstradat priekslikumus nivel&$anas tehnologiju uzlabosanai;

izstradat un pamatot tehniskus un organizatoriskus priekslikumus valsts

augstuma sist€mas talakas attistibas modela izstradei.

=

ok

Pétijuma izmantotas pétnieciskas metodes: Promocijas darba
izstrad€ procesa izmantotas $adas p&tijumu metodes:

e monografiska jeb aprakstosa pétijumu metode — izmantota pé&tfjuma
problémas raksturoSanai un izp@tei, apkopojot informaciju un
pamatojoties uz literatlras avotiem, raksturots petfjuma problémas
pasreizgjais stavoklis;

e datu matematiskas statistikas metode — pielietota I klases nivel€Sanas
Iniju  paaugstingjumu  starpibu  noteikSana, salidzinot punktu
paaugstinajumus vairakas nivelesanas kampanas;

e analizes un sint€zes metode — pielietota I klases nivel€Sanas Itniju
paaugstinajumu un to punktu iegiito starpibu raksturoSana;

e korelatu un parametru metode — niveléSanas rezultatu un nivelésanas tikla
precizitates;
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grafiska metode - izmantota, lai uzskatami atainotu aprakstitos un
analiz€tos procesus kopuma.

Pétijuma teorétiska nozimiba un novitate:
izpétita precizo nivel&jumu vesture Latvija;
izverteti jaunako precizo nivelgjumu rezultati Latvija;
izstradats Zemes garozas vertikalo kustibu dinamikas modelis;
izstradats un pamatots valsts augstuma sist€mas attistibas modelis.

Pétijuma praktiska nozimiba:
izstradats patents Nr. 14529 par “Paligierice un panémiens precizas
niveléSanas svitru latas nolasiSanai liela attaluma”;
ieviesti uzlabojumi geodézisko grunts zimju ar&ja noforméjuma;
organizeti Priekules fundamentalo (slepeno) reperu grupas atraSanas
darbi;
aprob&ts panémiens LatPos bazes staciju antenu piesaistei precizas
nivelé$anas tiklam ar geometrisko niveléSanu;
veikti GNSS mérijumi Latvijas nivelé$anas pamattikla punktos.

Tezes aizstavesSanai:
zinatniski izp@titi un sistematiz&ti agrakie precizas niveleéSanas darbi
Latvijas teritorija ir pamats valsts niveleSanas pamattikla rekonstrukcijai
péc neatkaribas atjaunosanas;
Latvijas niveléSanas pamattikls pilda tautsaimniecibai nepiecieSamas
funkcijas, ja tas rekonstruéts atbilsto$i precizas nivelé$anas prasibam;
izstradatais Zemes garozas vertikalo kustibu modelis Latvijas teritorijai
pierada nivel&$anas pamattikla regularas uzturéSanas nepiecieSamibu;
paSreiz€jais niveléSanas pamattikla pilnveidoSanas etaps nosaka
nepiecieSsamibu izstradat jaunu valsts augstuma sist€mas talakas attistibas
modeli.
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1. PRECIZA NIVELESANA LATVIJA LIDZ 1990. GADAM

Nodala aprakstiti iepriek$ izpilditie niveléSanas darbi, veidojot
niveléSanas tiklu sisteémas, sniegtas veikto nivel§jumu iegilitas precizitates
vertibas.

Latvijas teritorija nivelgjumi, kas izpilditi regulara niveléSanas tikla
veidoSanai, dat€jami ar 19. gadsimta otro pusi. Tie liela méra saistijas ar
kop&jam teritorijas un TpaSi vertikalas uzmérisanas tendencém Prisija,
mérki savienot jliru fidens ltmenu noveroSanas postenus Baltijas, Melnaja un
Azovas jiiras, ka arT sasaistot niveléSanas tiklus ar kaiminvalstim, giit piesaisti
juras Iimena novérojumiem Ziemeljira un Vidusjira (1.1.att€ls).

Kronstate

Samara

Orenburga

APZTMEJUMI

......... Esofo valstu robefas
—— Nivelggana viena virziena ar vienkargo nivelieri
— Nivelesana abos virzienos ar vienkarse nivelieri

Nivel&sana viend virziend ar nivelieri-teodalitu

Nivelgsana abos virzienos ar nivelieri-teodolitu
Mezglu punkts

Gdjiena atzarejuma punkts
! Ar robeZojogo valstu niveleganas tiklu
sasaistitie punkti

Sovastopolgy 8

Helas jare Mareografs

Avots: autora izstradats péc (Pvinvke, 1894)
1.1. att. Krievijas 1894. gada nivel&Sanas tikla parskata shema.

Darbus Krievijas, ka arT Latvijas teritorija veica Krievijas kara
topografu korpuss. Nemot véra Latvijas geografisko novietojumu, tas teritorija
tika veikta virkne nivelgjumu, kas ieklavas kop€ja nivel€Sanas tikla.
NiveleSanas tikls sastav&ja no sienas zZim&m, kas tika ierikotas ik péc 20 —
25 km. Tomér, ka atziméts pagajusa gadsimta beigas (Kammmn...,, 1979),
attalums starp ierikotajam sienas zimém radija papildus sarezgijumus
nivelesanas tiklu sabiezinasSanai, ka arT topografiskai uzmeérisanai.

Sis kampanas rezultata Latvijas teritorija eso$as jiras limena
noveérojumu stacijas Daugavgriva, Ventspill un Liepaja tika saistitas ar
Kronstates ,,pali” un Melnas juras Itmena novérojuma stacijam, tadgjadi dodot
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iesp&ju veikt analizi un meklI&t sakaribas par tidens limena ,,nulli” dazadas jiras
krasta vietas. Sie p&tfjumi sniedza sakotn€jo pamatoto situacijas izpratni par
sauszemes reljefu plasa vienlaidus teritorija.

1.1. Visparéja niveléSana Livonijas teritorija

Laika perioda no 1874. gada Iidz 1882. gadam Latvijas Ziemelu dala,
ka ari Igaunijas Dienvidu dala péc Livonijas vispargjas labklajibas un
ekonomiskas apvienibas pasttijuma tika realizSta vispargja niveléSana.
Instrukciju izstradaja Tartu observatorijas direktors Ludvigs Svarcs (Ludwig
Schwarz), kas bija iemantojis atzinibu, pateicoties Austrumsibirija izpilditajiem
trigonometriskajiem nivelgjumiem. Nivelgjumus izpildija inzenieris A. Broks
un astronomijas students Karls Ernests Helmans (Seidlitz-Meyers, 1887).

Nivelésanas linijas punktus nostiprinaja ar reperiem — iekaltu
horizontalu svitru mira &ku akmenos vai atseviski atrodoSos lielos
laukakmenos. Virs svitras iekala repera numuru ar aptuveni 8 cm augstiem
arabu cipariem. Augstumu vertibas tika noteiktas svitras geometriskai
viduslinijai (1.2.attéls).

Avots: (Purvenieks, 1964).
1.2. att. Vilhelma Striives trigonometriskas niveléSanas zime.
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1.2. Latvijas precizas niveléSanas izveide no 1929. lidz 1939. gadam

20. gadsimta laika no 1929. gada lidz 1939. gadam tika izpilditi
precizas niveleSanas darbi, tadgjadi izveidojot Valsts precizas nivelésanas tiklu.
Izveidotais niveléSanas tikls vienmérigi parklaja visu valsts teritoriju un
sastaveja no 32 poligoniem, ar vid€jo perimetru 200 km un tos veidoja 123
niveléSanas lmijas (Jakubovskis u.c., 1994 (a)). Kopgjais niveléto Iiniju
kopgarums sastadija 4422 km. NiveleSanas procesa tika ietvertas 1262
geodeziskas zimes (Latvijas PSR preciza...,, 1941). NiveléSanas tikls tika
sasaistits ar Igaunijas, Polijas un Lietuvas niveléSanas tikliem. Taja tika
iesaistitas ar1 jiras limena nov@rojumu stacijas Ainazos, Daugavgriva,
MeE@rsraga, Kolka, Ventspili, Pavilosta, Liepaja (1.3. att.).

Ventspils

Lietuva

APZIMEJUA

S==  pivelssanas Inija un tas Nr.

\@779 Mezgla punkto Nr.

=N

Poligona Nr., perimetrs, nesdiste

® Mareografs

Avots: autora veidots pec (O3ox, 1960)
1.3. att. Latvijas Republikas precizas niveléSanas tikls (1929. — 1939.).

Saja laika perioda niveléSanas linijas tika virzitas, pirmkart, pa
dzelzcela Imijam, otrkart, pa Sosejam. NiveléSanas markas tika nostiprinatas ik
péc katriem 6 — 7 km. Par geodézisko zimju nostiprindgjuma vietam kalpoja
mira €kas, ka arT tiltu balsti un caurtekas. Tomer tajos nivel&Sanas Iiniju
posmos, kur niveléSanas zimes bija nostiprinatas pie dzelzcela, 20. gadsimta
otraja pus€, pieaugot smagsvara vilcienu kustibas intensitatei, radito vibraciju
ietekmé izmainfjas to augstumi. Sis process arl miisdienas vél joprojam
turpinas. Ka piemérs minama situdcija Priekules dzelzcela stacija. Sis stacijas
galvenaja €ka pagajusa gadsimta, izpildot precizo niveleSanu, tika ierikota
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sienas marka Nr. 0719. ST geodgziska zime laika no 1935. lidz 1937. gadam
tika saniveléta ar fundamentalu grunts reperi (slepeno reperi) Sr.5. 1997. gada,
izpildot nivelgjumus starp §STm zZim@m, autors konstatgja, ka laika perioda kop$
pirmskara nivelgjumiem paaugstinajumiem starp abam zZimém izmainijies par
4 mm (Celms, 2000).

Promocijas darba autors, 1997. gada izstradajot magistra darbu,
organizgja Priekules fundamentalo (slepeno) reperu grupas atrasanas darbus
(Celms, 2000). Tas bija liels izaicinajums, jo oficiala informacija, kas tika
ieglita, p&tot nivelesanas katalogus, liecinaja, ka $ie punkti ir iznicinati. Tomer,
neuzticoties Sai informacijai, tika nolemts organiz&t kadas no septinu
fundamentalo (slepeno) reperu grupam atrasanu. Tika izvel&ta Priekules grupa,
jo tas repers ar kartas Nr. 6 bija pirmskara augstuma sistémas izejas punkts.
Veicot gan kameralo izpéti, ka ari organizgjot vairakkartéjas apsekoSanas un
instrumentalas meriSanas darbus, mekl&jumi vainagojas ar panakumiem.

1.3. Precizie nivelgéjumi Latvijas teritorija no 1947. lidz 1990. gadam

Pec II Pasaules kara Latvijas niveléSanas tikls tika ieklauts PSRS
niveléSanas tikla un atbilstosi rekonstruéts. Latvija esoSas nivel€Sanas linijas,
par pamatu lietojot pirmskara merfjumu datus, izlidzindja no jauna un
aprékinaja jaunus ortometriskos augstumus, Soreiz tos sasaistot ar vidgjiem
joras Iimena novérojumiem Kronstaté (nulles limeni) — tagad Krievijas
Federacijas teritorija.

1947.-1948. gados Galvenas geodézijas un kartografijas parvaldes
aerogeodézijas uznémumi veica [ klases nivel§jumus. Latvijas teritoriju
Skersoja I klases Iinijas Lomanosova — Riga un Riga — Baranovi¢i, ka arT Iinijas
Jelgava — Liepaja. I klases Iiniju kopgjais garums ir aptuveni 420 km. So
nivelg§jumu precizitate pétita V. Zvonova darba (3BoHoB, 1952). Saskana ar
Siem petfjumiem I klases nivelgjumus raksturo $adas nejausas un sistematiskas
standartnovirzes:

n = 0.39 mm/km,

o =0.05 mm/km.

1967.-1974. gados, ka arT laika lidz 1990. gadam Latvija atkartoja
1947. - 1948. gadu 1 klases nivelg§jumus pa linijam Ainazi-Riga-Jelgava-
Meitene, ka arT pa Iiniju Jelgava-Liepaja. Laika perioda péc 1967. gada, veicot I
un II klases niveléSanas darbus, tika iertkota virkne jaunu reperu. Liniju mezglu
punktos tika ierikoti galvenokart fundamentalie reperi, bet pa lmijam, kur tas
izradijas nepiecieSams (vecie reperi gajusi boja), ierikoti arT grunts un sienas
reperi un markas (IlporpamMa mocTpoeHust TOCyaapCTBeHHOM..., 1977). Dazos
gadijumos niveléSanas zimes netika pietiekami ripigi mekl&tas, to vietas veco
zimju tie$a tuvuma ierikotas jaunas zimes, ka arl izmainita niveleéSanas liniju
trase.
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legiitas kilometriskas standartnovirzes

I klases nivelgjumos: II klases nivelgjumos:
n = 0.8 mm/km, n = 2.0 mm/km,
o =0.08 mm/km, o =0.20 mm/km.

Péc 1967. gada veiktie I un II klases nivelgjumi kalpoja par bazi
jaunas augstumu sist€émas izveidei PSRS un ari Latvija. NiveléSanas rezultati
no jauna tika apstradati un katalogos publicétie normalie augstumi, tika
aprekinati, tapat ka ieprieks, no Kronstates nulles. P&dgja izlidzinasanas
varianta iegltos rezultatus saka dévét par augstumiem 1977. gada Baltijas
normalo augstumu sistéma (Silabriedis, 2010).

1.4. LLA Geodgézijas katedras niveléjumi Plavinu geodinamiskaja poligona

Zemes virsmas misdienu vertikalo kustibu aktivitates petfjumiem
pagajusa gadsimta 60-to gadu sakuma Baltijas republikas tika izraudziti
geologiska zina raksturigi Zemes virsas apgabali, kuros izveidoja
geodinamiskos poligonus.

Latvija $ads geodinamiskais poligons tika izveidots teritorija apkart
nakamas Plavipu HES udenskratuvei uz Daugavas, aptuveni 100 km uz
austrumiem no Rigas. 1962. gada poligona izveidoja niveléSanas tiklu, kas
sastavgja no vairakiem noslégtiem un karajosiem gajieniem.

Nivelesanai izmantoja precizo nivelieri ar Iimenradi Ni004, nivelieri ar
kompensatoru Koni007, ka ari niveléSanas sakuma perioda nivelieri ar
Iimenradi  NA-1. NiveleSanas precizitates raksturoSanai aprékinatas
kilometriska nejausa standartnovirze n un sistematiska standartnovirze o, kuras
dotas 1.1. tabula.

1.1. tabula
Plavinu geodinamiska poligona izpildito niveléjumu precizitate
Niveleésanas gads Gajiena kopgarums (km) 1 (mm/km) o (mm/km)

1963 195 0.37 0.11
1964 143 0.47 0.09
1965 161 0.47 0.17
1966 61 1.12 0.14
1967 68 0.52 0.10
1968 150 0.45 0.07
1970 178 0.48 0.14

Avots: autora veidota péc (@peiic, 1981)

Zemes virsmas vertikalo kustibu atrumu shéma, kas sastadita péc
atkartotas nivel€Sanas rezultatiem, no 1963. lidz 1970. gadam Plavipu HES
tidenskratuves apkartné paradita 1.4. att€la. P&c rezultatu analizes tika secinats,
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ka udenskratuves piepildiSana nav izsaukusi apkartgjas teritorijas virsmas
deformacijas.

- 0.5

T L
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ApzImgjumi:
__‘) - pacEluma scktors

%/%‘ - idenskratuves kontiira e
/ - sé8anas sektors
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—1 = -zemes virsas vertikalo kustibu atruma izolinijas /

\

Avots: autora veidots péc (Opeiic, 1981)
1.4. att. Zemes virsas vertikalo kustibu atrums Plavinpu HES tdenskratuves
apkartné laika perioda no 1963. Iidz 1970. gadam.
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2. LATVIJAS NIVELESANAS TIKLA REKONSTRUKCIJA
NO 1990. GADA

Nodala dots skaidrojums par pastavosas situacijas apzinasanu un dots
novert§jumu, izklastits Danijas valdibas atbalsts precizas niveléSanas joma.
Aprakstita niveléSanas instrukcijas izstrade un ar to saistitie nivelgjumi
Priekules poligona, izklastita Valsts niveleéSanas pamattikla rekonstrukcijas
darbu planosana un realizacijas gaita. Aplukotas I klases nivelgjumos ieklautas
geod@ziskas zimes, geodeézisko zomju pieliectojuma nakotnes izaicingjumi.

2.1. Situacijas apzina$ana un niveléSanas instrukcijas izstrade

Lidz ar neatkaribas atjaunoS$anu Latvija izveidojas situacija, kura bija
nepiecieSams parnemt informaciju par pastavosajiem geodéziskajiem tikliem,
tai skaita nivelSanas tikliem. Parpemta informacija — dazada veida katalogi
kalpoja pastavosas situacijas apzinaSanai un turpmako meérku izvirzisanai pie
niveléSanas tiklu pilnveidoSanas. Informacija par niveléSanas punktiem Latvijas
teritorija galvenokart bija sakopota niveléSanas parskatu katalogos. NiveléSanas
zimes tika apkopotas p&c karSu daljjuma pa lapam meéroga 1:200 000.
Pastavosa informacija katalogos tika att€lota uz 23 kar$u lapam (2.1. att.).
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Apzimgjumi:
0-35-22 -kardu lapas nomenklatiiras numurs
MaZekr - kar$u lapas nosaukums
Madona - pilseta

- I IT un III Klases nivel&Sanas linijas
1990.gada

- valsts robeza

Avots: autora veidots
2.1. att. Latvijas teritorijas dalfjums pa 200000 lapam ar niveléSanas lniju

shematisku izvietojumu.
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Karsu lapas ar noteiktiem apzimé&jumiem tika paraditas I, II, III un IV
klases niveleSanas zimes. Dotais apzim&jums paradija, vai ta ir sienas marka,
sienas repers vai cita veida niveléSanas zime. Nivel€Sanas zZimes ir savienotas ar
Itnijam, kuras ilustré dotas nivel&Sanas linijas klasi. Gan jabilst, ka niveléSanas
zimju vietas att€loSanas precizite ir saméra zema, jo p&c §is kartosh€mas
savietoSanas ar pilnvertigu kartografisko materialu un zZimes atraSanas daba
nesakritiba dazkart bija Iidz 2 km.

Valsts zemes dienesta Nacionalais mérniecibas centrs 1994. gada
pasitfja pastavo$a niveleSanas tikla padzilinatu teorétisku izpéti. So darbu
izpildija Latvijas Lauksaimniecibas universitates GGeodgezijas katedras kolektivs
(Jakubovskis u.c., 1994 (c)). Sis zinatniskais darbs liela méra kalpoja par
pamatu niveléSanas instrukcijas izstradei un I klases niveléSanas tikla
rekonstrukcijas darbu izpildes planojumam.

Nozimigu ieguldijumu Latvijas un Baltijas nivel€Sanas tiklu jautajumu
sakartoSana deva Danijas valdiba. Laika perioda no 1996. gada lidz 1998.
gadam Danijas Buivniecibas un Majokla ministrija (The Danish Ministry of
Housing and Building) realiz€ja tehniski administrativu sektorprogrammu
geodézija Lietuva, Latvija un Igaunija. Viens no $as programmas atbalsta
virzieniem Latvija bija precizie kontrolnivelgjumi pastavosaja 1 klases
niveléSanas tikla (Precise Levelling in..., 1998). Realiz&tas apakSprogrammas
ietvaros 1998. gada pavasari tika izpilditi precizie nivel&jumi pa Iiniju Jelgava —
Auce — Jaunauce. Darbus no Danijas puses parraudzija un izpildija mérniecibas
uznémums Kampsax Geoplan, savukart no Latvijas puses darbus organizgja
SIA Geoplans specialisti. ST darba rezultata tika aprakstiti izpilditie nivelgjumi,
ieglitie rezultati un to precizitate, raksturotas pastavosas nivel€Sanas zimes, to
izmantoSanas iesp€jas precizos nivelgjumos. Ka viens no secindjumiem -
Latvija Sobrid nenotiek darbibas, lai realiz€tu iesaistiSanos EUVN (European
Vertical Vertical Network) sisteéma. TieSi §is aizradijums bija par iemeslu
specialistu aizsaktam diskusijam nivel&Sanas joma.

Lai iegiitu un nostiprinatu pieredzi, ka ar1 parliecinatos par izstradato
metodiku pareizibu I klases niveléSana, tika nolemts veikt lauka mé&rjjumus
Priekules poligona. Sos darbus realizéja Valsts zemes dienesta Nacionala
mérniecibas centra specialisti 1999. gada. So darbu izpilde notika ciesa
sadarbiba ar Latvijas Lauksaimniecibas universitates Lauku inZenieru fakultates
Geodezijas katedras kolektivu. Nivel€Sanai tika izve€léts noslégts poligons
Priekule — Embiite — Vainode — Priekule (2.2. att.).

Sagatavojot nivel&Sanas trasi darbam, tika ierikota virkne jaunu grunts
un sienas niveléSanas zimju. Nivel€Sanas trase ar jaunajam nostiprinajuma
zimém tika papildinata ar tadu aprekinu, lai attalums starp tam biitu ap 2 km.
Grunts reperu ierikoSanas vietas tika izveletas ar tadu apsveérumu, lai repers
netiktu iznicinats saimnieciskas darbibas rezultata (lauksaimnieciba, celu
remonts, kabelu tranSeju rakSana), bet taja pasa laika punkta varetu veikt
kvalitativus GNSS merfjjumus.
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Embiite
289

Prickules pag.

Prieku}e‘,\

ApzImgjumi:
8 1073 - grunts repers
(@) 312 - sicnas repers

@0063 - sienas marka
“Jarajs - glabalds pozicionzianas punkts

/A Auded - triangulacijas punkts
Priekule - apdzivotas victas nosaukums
~o_-.~ -administrativas robezas
Embiites - pagasta nosaukums

Pag

Avots: autora vidots
2.2. att. Nivelesanas zZimju shematisks izvietojums poligona.

Niveleto gajienu kopgarums sastadija 54.8 km, no kuriem slegta
poligona tika ietverti 51.5 km. Turp un atpakalvirziena noteikto paaugstinajumu
starpibu gajiena sekcijas uzkrasanas d visa poligona sastadija +5.2 mm. legitais
lielums uzskatami paradits 2.3. att€la. legltie rezultati attaisnoja izvirzitas
prasibas, lai sasniegtu vajadzigo precizitati I klases nivelé$ana.

Embiite

w
»
S

20

= Priekule

Ne

Avots: autora veidots
2.3. att. Paaugstinajumu starpibu uzkrasanas nivelésanas poligona.
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Sakot darbu pie niveléSanas pamattikla rekonstrukcijas, pamatoti
izvirzijas prasiba par izpildamo niveleéSanas darbu metodisko regul&jumu.
Valsts zemes dienesta Nacionalaja mérniecibas centra tika piepemts leémums
izstradat I, II un III klases niveléSanas instrukciju. Saistiba ar veikto
ieguldijumu precizo niveljumu pétnieciba, §1 darba izpilde tika piedavata LLU
Geodgzijas katedras kolektivam, kas arT tika pienemta.

Instrukcijas prasibu precizéSana tika balstita uz balansu starp
mérijumu precizitati un niveléSanas izmaksam. Izvert&jot pielaujamo attalumu
no niveliera I1dz latai stacija, tika apkopota gan paSmaju, gan arzemju pieredze.
Pieméram, laika no 1929. gada Iidz 1939. gadam izpilditajiem I klases
nivelg§jumiem attalums no niveliera Iidz latai stacija bija 50 m (Kpynen, 1973)
un sasniegtais gala rezultats ir atbilsto$s miisdienu prasibam. Savukart Igaunija,
izpildot I klases nivelgjumus, $is attalums ir ierobezots lidz 30 m (I, II, ja....,
1994). Pie instrukcijas izstrades tas autoru kolektivs néma véra R. Kriipéna,
M. Kronberga veiktos petijumus un atzinas par I klases nivel§jumiem Latvijas
apstaklos, tadgjadi maksimalais vizliras garums no instrumenta lidz latai tika
noteikts 40 m (Kponbepr, 1976) (Kpynen, 1978).

2.2. Valsts nivelésanas pamattikla rekonstrukcijas darbi

Laika perioda no 2000. lidz 2010. gadam Latvija tika izpilditi
niveléSanas pamattikla rekonstrukcijas darbi (Pedgja laika I klases niveléSanas
tikls tiek saukts ar par nivelé$anas pamattiklu). NiveléSanas linijas galvenokart
tika virzitas pa ieprieks€jam linijam, tomer bija ar1 biitiskas atSkiribas to kop&ja
tikla konfiguracija. ST perioda nivel&$anas tikls tika projektéts, veidojot lielakus
poligonus, ne ka tas bija ieprieks. Projekta tika paredzets, ka niveleSanas tikls
sastaves no 10 lieliem un viena maza poligona ap Rigu. Realizgjot niveléSanas
tikla rekonstrukciju min&taja laika perioda, 2000.gada tika uzsakta nivel€Sanas
pamattikla atjaunosSana. Nivel€Sanas linijas parsvara tika virzitas pa ieprieksgjo
precizo nivelgjumu Iinijam. Tomér atseviskas vietas I klases niveleéSanas linijas
tika virzitas pa citu vietu. Piem@ram, jaunas niveléSanas linijas posms tika
ierikots gar valsts dienvidaustrumu robezu no Indras Iidz Demenei saistiba ar
augstuma pamatojuma nodroSinajumu valsts austrumu robezai. Nivel€Sanas
lauka mérijumi tika pabeigti 2010.gada. Atjaunotais tikls sastav no 10 lieliem
poligoniem un 5 mazaku poligonu sist€ému ap Rigu, kas ar kopg&jo Iiniju garumu
3166 km (2.4. att). Kopuma tika noteikti augstumi 2379 punktiem.

Nivelésanas darbus katru gadu izpildija no aprila beigam Iidz
novembrim — decembrim. Nivelgjumus izpildija pamatbrigade, kurd ietilpa
iestades darbinieki — specialisti. NiveléSanas apjoma kapinasanai tika
organizéta otra niveléSanas brigade, kuras sastava ietilpa Latvijas
Lauksaimniecibas universitates Zemes iericibas un geodézijas katedras
specialisti.
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Priedaine

Avots: autora veidota shema
2.4. att. Realiz&ta nivel€Sanas pamattikla shema.

Nivelésana tika izpildita p&c ieprieks izstradata projekta dotai Iinijai,
ievérojot I, IT un III klases niveleSanas instrukcijas prasibas un Priekules
poligona uzkrato pieredzi. Izpildito nivelgjumu precizitates raksturojumam tika
aprekinatas kopgjas, sezona veikto nivel§jumu kilometriskas nejausas un
sistematiskas standartnovirzes (2.1. tabula).

2.1. tabula
I klases nivelejumu precizitates novertejums
Kilometriska nejausa Kilometriska sistematiska
Nivelésanas gads standartnovirze n standartnovirze ¢
mm/km mm/km

2000 0.34 0.13
2001 0.28 0.12
2002 0.31 0.13
2003 0.25 0.07
2004 0.33 0.07
2005 0.29 0.07
2006 0.24 0.08
2007 0.30 0.09
2008 0.27 0.07
2009 0.23 0.10
2010 * *

*- nebija iesp&jams sanemt niveléSanas rezultatus par 2010. gadu.
Avots: autora veidota
Ka redzams no 2.1. tabulas, meérjjumu precizitates raditaji —
kilometriskas nejausas un sistematiskas standartnovirzes pirmajos tris
niveléSanas gados ir noturigi vidgjas. Turpmakos gados mérijumu precizitate
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paaugstinas, izteikti samazinas kilometriskas sistematiskas standartnovirzes.
Iespgjams, tam skaidrojums meklGjams saistiba ar pielietoto instrumentu
modeliem perioda 2000. — 2002. un sarezgitajiem niveléSanas apstakliem,
saistiba ar cela remontu, paaugstinatu auto intensitati un izteikti paugurainu
reljefu atseviskas Iinijas turpmakajos gados.

2.3. Geodeéziskas zimes niveléSanas tikla punktu nostiprinasana

Geodéziskie punkti realizé koordinatu un augstuma sisteémas
pastavé$anu valsts teorija. Geodeziska punkta jédziens ietver sevi datu un
fiziskas realizacijas kopumu: koordinatas un koordinatu sistému, koordinatu
noteik$anas metodi un precizitati, uzmériSanas laiku un izpilditaju, saistibu ar
blakus geodéziskajiem punktiem, zipnas par punkta atraSanas vietu un
aizsardzibu, apvidi nostiprinato konstrukciju un tas noform&jumu.

Svariga ir zZimju stabilitate un ilgstoSa saglabasanas. Stabilitate un
aizsardziba, ka arT koordinatu noteikSanas un izmantosSanas iesp&ja liela méra
nosaka zimju vietas izveli. Pareiza vietas izvEle kopa ar aizsardzibas
pasakumiem nodroSina zimju saglabaSanos gadu desmitiem (Topum, 1972)
(Yenenckwmii, 1968) (Cronbos, 1975). Vecakas saglabajusas un atrastas
geodeziskas zimes Latvijas teritorija ir no XIX gs. pirmas puses, piem&ram,
Striives triangulacijas punkts Jekabpili un citviet. Riga saglabajusas dazas
niveléSanas sienas zimes no XIX gs. astondesmitajiem gadiem (BemomocTts
pEMepoB, PacmoIOKEHHBIX..., 1909). Ievérojams zimju skaita pieaugums sakas
Latvijas pirmas brivvalsts laika. Ar nelieliem partraukumiem kara un valstisko
parvertibu laika tas turpinas vél joprojam. Lidztekus notiek arT pretgjs process-
zimju bojasana, iznicinaSana un neatrasana.

Nivelesanas tikls, kura punkti apvidi tiek nostiprinati ar nivel€Sanas
zimém — reperiem un markam var pildit savu uzdevumu tik ilgi, kamer $is
zimes saglabajas nemainiga stavoklt (Jakubovskis u.c. (b), 1994) (LenTpsr
re0JIe3UYeCKUX MyHKTOB..., 1972). NiveléSanas zimes iedalas grunts un sienas
ZImESs.

Nivelesanas grunts zimém tiek uzstaditas paaugstinatas prasibas
stabilitatei vertikalaja plakné. Tadél to konstrukcija ir obligats enkurs.
IerakSanas dzilums tiek noteikts tads, lai p&c iesp&jas mazak to stabilitati
ietekm@tu grunts sasalSana. NiveleéSanas grunts zimes p&c konstrukcijas iedalas
ierindas grunts reperos un fundamentalos reperos (Latvijas geodézisko zimju...,
2002). Pedgjie atSkiras no ierindas grunts reperiem ar lielaku masu, lielaku
ierakSanas dzilumu un ar otru marku — kontroles marku, kas iebetonéta repera
enkura.

IpaSu vietu fundamentalo reperu grupa ienem gadsimta reperi, kuru
uzdevums ir kalpot par valsts augstuma sistemas pamatu. Sis geodéziskas zimes
tika iertkotas ta, lai enkurs balstitos uz cieta ieza (MHCTpykmms 1O
HUBETUPOBaHUIO..., 2003).
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Rekonstrugjot niveléSanas pamattiklu, katra niveléSanas Iinija bija
nepiecieSams ierikot jaunas grunts zimes. Nodro$inat nivel€Sanas zimju
stavokla nemainibu nav viegli, jo zemes virsmas augs€jie grunts slani ir
paklauti dazada virziena deformacijam, kas izsauc to parvietoSanos. Tadel
nivelSanas tikla kalposanas laika pagarinasana galvenokart ir atkariga no ta, ka
tiek nodro§inats nemainigs geodézisko zimju stavoklis. NiveléSanas grunts
zimes tika izstradatas, nemot vera iepriek§ mingtas augstas stabilitates prasibas
(2.5. att.).
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Izmeri centimetros
Avots: autora veidots pec (Latvijas geodézisko zimju..., 2002)
2.5. att. Jaunizveidota grunts repera izmeri.

Jauna veida sienas reperu ierikoSana liela merda bija saistita ar
fundamentalu biivju atrasanos tiesa projektétas niveleésanas linijas tuvuma. Jo
senak buve savas funkcijas sakusi pildit, jo mazaki riski tas vertikalajam
kustibam. Lidz ar to ticamaka ir sienas reperam noteikta augstuma vertiba.
Jaunizveidota sienas repera uzblive bitiski neatSkiras no jau pastavosajiem
sienas reperiem (2.6. att.).

Jauzsver arl niveléSanas zimes ar€jais noform&jums. Ja sienas zZimém
1pasi tas nav aktuali, ka vien uzturét zZimi nebojatu un nodro§inat tai piekluvi,
tad ar grunts zZimém ir sarezgitak. Jaunizveidotajam grunts zimém péc to
iertkoSanas tika izveidoti $adi argja noform&uma elementi: aprakumgravis,
kupica un noraditajstabs.
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Avots: autora veidots
2.6. att. Jaunizveidotais sienas repers precizajiem nivelgjumiem
no 2000. lidz 2010. gadam.

Kupica un noraditajstabs loti atvieglo atkartotu zimes identificéSanu
peéc gada vai ilgdka laika perioda. IpaSa uzmaniba tika veltita geodeziskas
zimes noraditajstaba formai. Sakotngji tas bija ka 150 cm gar§ 15cmx15cm
kvadratveida stabs. Tomér, raisoties diskusijam par noraditajstaba funkcijam, §1
forma nebija veiksmigaka. Tas saistits ar to, ka pie kupicas nopostiSanas vai
dzila sniega apstaklos nav viennozimigi noteikt geodéziskas zimes atraSanas
vietu attieciba pret noraditajstabu. P&c intensiviem iesp&jamo labako risinajumu
mekl&jumiem, promocijas darba autors 2000. gada sniedza inovativu
priekSlikumu izveidojot noraditajstaba virszemes gala Skautni aizmuguré
pusapalu, bet priekSpusg taisnu, $T probléma tiek atrisinata.

Vertgjot geodezisko zimju pielietojuma daudzpusibu tuvaka nakotng,
secinams, ka to izmantosSanas varianti tikai palielinasies. Tas saistits ar to, ka uz
vienas un tas paSas geodéziskdas zimes iesp&ams realizét dazada veida
geodéziskos meérfjjumus (horizontalos, vertikalos, gravimetriskos u.c.). Ka
uzskatams vesturisks piemérs, Seit minams, agrak ierikotie triangulacijas tikla
punkti. Uz So punktu zimém tika veikti mérfjumi un noteikti rezultats to
stavoklis horizontala plakn€ ar attiecigu precizitates klasi. Turklat,
triangulacijas tikla punkti tika nivel&ti un tiem noteikta augstuma vertiba.

Geodezisko tiklu uzturé$ana svariga ir geodézisko zimju turpmaka
saglabasanas jeb to ilglaiciba. Nemot vera plasas GNSS pielietojuma iespgjas
misdienas, var rasties iespaids par geodézisko zZimju mazsvarigumu. Tomer
janem vera, ka Zemes garoza nemitigi parvietojas. Lidz ar to organizacijam,
kuras uztur geodezisko telpu valsti, jasp& korekti un atri noteikt So kustibu
parametrus. Tas ir iesp&jams, izmantojot kvalitativi ierikotus un uztur&tus
geodeziskos  punktus, tadgjadi  ieglstot ticamu informaciju  par
geodinamiskajiem procesiem laika un telpa. Tapat aridzan ir noteiktas
minimalas prasibas geodézisko punktu blivumam valstu teritorijas (Engineering
and Design..., 1994).
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3. LATVIJAS NIVELESANAS PAMATTIKLA
REKONSTRUKCIJA NO 2000. GADA LIDZ 2010. GADAM

Nodala aprakstits precizas niveleSanas darbu process, apskatiti
izpilditie nivelgjumi pari Lielupei un Daugavai, ieglito rezultatu precizitate.
Dots izklasts par promocijas darba autora izgudrojumu - par paligierici precizas
niveléSanas svitru latas nolasiSanai liela attaluma. Sniegts niveléSanas dazadu
metozu pari platam udenstilpém metozu raksturojums. Dots Latvijas
rekonstruéta niveleésanas tikla precizitates novertgjums.

3.1. Precizas niveléSanas darbu process

I klases niveléSanas lauku mérjjumi jaizpilda ripigi un precizi,
ievérojot uzstaditas tehnologiskas prasibas, lai tadgjadi iegiitu iesp€&jami
precizakus rezultatus. Tie tika izpilditi saskana ar I, IT un III klases niveleSanas
instrukciju (I, 1 un M1...., 2000).

Nivelesanas darbu izpilde, nemot veéra brigades skaitlisko sastavu, tika
organiz€ta ar pastavigiem specialistiem pie niveliera un latam. Nivel€Sanas
trases sagatavoSanu tika veikta kopigi. NiveleéSanas darbu izpildei, personala un
tehniska aprikojuma parvietoSanai, brigade tika nodro$inata ar mikroautobusu.
Mikroautobusi tika Tpasi pielagoti, lai parvadatu 3 m garas niveléSanas latas
kastg.

3.2. Precizie niveléjumi pari iidenstilpém

Veicot I klases niveléSanu, nacas izpildit precizos nivel&jumus ari pari
platam Gdenstilpém, piem&ram, Lielupei un Daugavai. Ne vienmér planotaja
niveléSanas darbu vietas tuvuma bija tilti, lai veiktu merjjumus no vienas
geodeziskas zimes lidz nakamai, kas atrodas upes pretgja krasta. Bet niveléSana
lidz tuvakajiem tiltiem saistita ar papildus resursu izlietojumu un kopgja
niveléSanas tikla precizitates pazeminaSanos. Lidz ar to nacas veikt
paaugstindgjuma noteik$anu no viena upes krasta uz otru. Vietas, kur attalums
starp Udenstilpju krastiem neparsniedza 100m nivelg§jumi tika izpilditi,
pielietojot digitalo nivelieri DiNi 12. Metode ar digitalo nivelieri tika pielietota,
nivelgjot par Karaostas kanalam Liepaja. Plataku tidenstilpju parniveleéSanai
tika izmantots Zeiss optiskais nivelieris Ni 002 komplekta ar svitru latam.
Tomer attalumos, kas lielaki par 200 m, pastavosa m&rjjumu metode nedeva
pietiekosi precizus rezultatus, tade] tika izveleta cita.

Ta ka Daugavas platums pie grivas ir ap 700 m, parasta veida latu pari
upei nav iespgjams nolasit. Sados gadijumos uz latas nostiprina parbidamu
marku, kuru p&c novérotaja pretgja krasta noradijuma parbida uz augsu vai leju,
kamér niveliera talskata tiklina svitra ienem simetrisku stavokli attieciba pret
markas att€lu (Bunyes, Pakuros, 1961). Latas skalu nolasa pret markas
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indeksu, kas sakrit ar markas simetrijas asi. Ta ka $ada latas nolasiSana saistita
ar ievérojamu laika pat€rinu un nav seviski preciza, jo latas skalas nolasiSanas
precizitate ir ap 0.5 mm, tad promocijas darba autoram un LLU Zemes iericibas
un geodezijas katedras macibspékam M. Kronbergam radas ideja izgatavot tadu
marku latas nolasiSanai, kas merijumu laika nebiitu japarbida pa latu, bet latas
nolastjumu vartu iegiit ar savietoSanas panemienu, izmantojot instrumenta
mikrometru.

Nemot véra uzkrato pieredzi, tika stradats pie paligierices, kas
nodro§inatu paaugstinajuma noteik$anu liela attaluma ar augstaku precizitati.
P&c gana apjomigu eksperimentalo merfjumu veikSanas darbs vainagojas ar
panakumiem, un tika iesniegts pieteikums izgudrojuma patent€Sanai. Ta
Latvijas Republikas Patentu valdé 2012. gada tika apstiprinats patents
Nr. 14529 par “Paligierice un panémiens precizas nivel€Sanas svitru latas
nolasiSanai liela attaluma™ (Latvijas Republikas Patentu..., 2012). Mingta ierice
(3.1. att.) pielietota, izpildot I klases nivelg§jumus loti simboliska vieta -
Daugavas griva. Izgudrotaji ir promocijas darba autors Armands Celms un
Zemes iericibas un geodézijas katedras lektors Maigonis Kronbergs.

Avots: autora foto

3.1. att. Paligierice precizas niveléSanas svitru latas nolasiSanai
liela attaluma.

Salidzinot ar zinamiem precizas nivel€Sanas svitru latas nolasiSanas
panémieniem lielos attalumos, izgudrojums nodroSina &rtaku, atraku un
precizaku mérfjjumu izpildi.

Lai pétitu paaugstinagjumu noteikSanas metodes, tika nolemts starp
divam nostiprinatam grunts zimém paaugstindjumu noteikt ar dazadam
niveléSanas metodém - geometrisko niveléSanu, izmantojot optisko nivelieri
Ni002 un paligierici precizai niveléSanas svitru latas nolasiSanai liela attaluma
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(turpmak — marka), geometrisko niveléSanu, izmantojot digitalo nivelieri DiNi
12, trigonometrisko niveléSanu un niveléSanu, pielietojot globalo
pozicion&$anu.

Pétfjuma vieta atradas Jelgava tiesi preti Pilij. Ka grunts repers tika
izvelets punkts ,,Palis”, kas ieklauts I klases niveleSanas tikla un grunts repers
001, kas ir ierikots Lielupes labaja krasta. Attalums starp abiem punktiem ir
333 m (3.2. att.).

Avots: autora veidots

3.2. att. Grunts reperu novietojums.

Paaugstinajumu  noteikSana starp grunts zimém, pielietojot
iepriek§mingtas metodes, tika izpildita ar vislielako ripibu un precizitati. Ar
katru metodi noteiktajiem paaugstinajumiem tika aprékinatas standartnovirzes
(3.1. tab.), lai raksturotu merijumu precizitati, kas nepiecieSama, lai izvél&tos
optimalako paaugstingjuma noteikSanas metodi, nivelgjot pari platam
tdenstilpem.

Paaugstinajumi noteikti ar optisko nivelieri Ni002, izmantojot marku,
kas nostiprinata uz nivel€Sanas latas, trigonometrisko nivel€Sanu ar 2”
elektronisko tahimetru, I klases niveléSanu ar DiNi 12 un ar diviem GNSS
instrumentiem.

Tomer, nemot véra aprékinato mérjjumu standartnovirzes, secinams,
ka visprecizak mérijumi izpilditi, nivelgjot geometriski ar optisko nivelieri Ni
002 un izmantojot jauno latas nolasiSsanas marku. Tas sasniegts, pateicoties
iesp&jai niveléSanas procesa markas indeksu precizi savietot ar latas svitru
(atskiriba no agrak lietotam markam) un tiklina bisektoru ar kadu no pietickami
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platam markas svitram. Tas vélreiz pierada patenteta izgudrojuma praktisko
nozimi.

Tas, ka standartnovirzes lielums nivelgjumos ar DiNi 12 ir lielaks, ka
ar Ni 002 izpilditajos merijumos, izskaidrojams, ka nivel&jot bija jaskerso tilts.
Kaut arT pari tiltam nivel&ja ,,turp” un ,atpakal” virzienos, attiecigi no rita un
vakara, tomér, nemot vera notieko$as mikrokustibas, uz kop€jo precizitati tas
deva negativu iespaidu. Sa situdcija uzskatami raksturo nivel&Sanas tikla
kopgjas precizitates samazinasanas riskus, ja upju $kérsoSanai javeic papildus I
klases nivelgjumi, lai sasniegtu tiltu un nonaktu lidz geodéziskai zimei, kura
atrodas pret€ja upes krasta. Papildus nivel§jumu izpilde sadardzina kopgjas
projekta izpildes izmaksas.

3.1. tabula
Nivelesanas rezultatu salidzinajums
Paaugst . Paaugst.
o teik§an.as Nivelctanas Izméritais | Paaugst. | Aprékinatais | izlidzinatas
metode virziens paaugst., | starpiba, paaugst., vértibas
Palis — ar 001 m mm m standartnov.,
9 mm
. _ “turp”
Geometriska | ,,_,. —0.19205
nivelesana *ﬂ;pi;f,m 1.68 ~0.19289 0.04
(Zeiss Ni 002) gr 001 Palis +0.19373
i “tu]’p”
Trigonom. . —0.1880
nivelgsana P*{I‘;I:ai;f,m 8.6 01923 11
(Trimble M3) gr 001 — I;alis +0.1966
Geometriska “turp”
. . —0.19264
nivelésana | Palis —gr 001
(Trimble ~atpakal” 01018 0.54 —-0.19291 0.13
DiNi 12) | gr 001 — Palis '
Globala
pozic. Palis — gr 001 - —0.1956 3.0
(Trimble R8)

Avots: autora veidota

Ka redzams, augstuma parnesana labus rezultatus iesp&ams sasniegt,
pielietojot trigonometrisko niveléSanu. Aprékinata standartnovirze parada, ka,
pielietojot trigonometrisko niveléSanu, iesp&ams nodroSinat III klases
geometriskas nivelé$anas prasibas. Latvija III klases nivelé$ana paaugstindgjumu
standartnovirze ir noteikta 3.0 mm/km. Tas liecina, ka izpildot mazak precizus
nivelgjumus, mérjjumus pari platam Udenstilp€ém iesp&ams realizét ar 2”
teodolitiem. Sada niveléSanas metozu kombingSana iesp&ama, pieméram,
veicot valsts niveléSanas tikla sabiezinasanu.
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Izvertgjot ieglito merfjumu  precizitati, pielietojot  globalo
poziciongSanu, secinams, ka augstumu parneSana ar So metodi iespE&jams
nodroSinat tikai tehniskas niveléSanas prasibas. Tomér §1s metodes pielietojums
augstumu parnes$ana pari platam tdenstilpem prasa papildus izpé&ti.

3.3. Latvijas rekonstruéta niveléSanas tikla precizitates novértéjums

Lai novertetu I klases nivelg§jumu precizitati, katrai nivelésanas Iinijai
tika sastaditi paaugstinajumu starpibu uzkrasanas grafiki, kas vizuali raksturo
dotas linijas niveléSanas precizitatati, dod iesp&u aprékinat niveléSanas
kilometrisko nejauso un sistematisko standartnovirzi.

No sastaditajiem grafikiem redzams, ka vairuma gadijumu
paaugstinajumu starpibu uzkrasanas ir ar pozitivu tendenci (3.3. att.).

Tiraine - Eleja

mim o
[aF]
+23[‘:- w
+ 187 -
o : P
| r 3 -
e 5
LS ppg
+ﬂ reg d
Iz e e _--F/N' kr_'n
B 10 70 10 20 50 &0 7 i
4l

Avots: autora veidots
3.3. att. Paaugstinajumu starpibu uzkrasanas linija Tiraine — Eleja.

Tomér analizgjot izpilditos I klases nivelgjumus, redzams, ka

atseviskas linijas paaugstinajumu starpibu uzkrasanas ir ar negativu tendenci.
Ka izteikti piem&ri minamas nivel&Sanas linijas Zilupe — Aliksne (3.4. att.).

Zllupe - Altksne
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Avots: autora veidots
3.4. att. Paaugstindjumu starpibu uzkrasanas Itnija Zilupe - Aluksne.
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Lai raksturotu niveléSanas kvalitati, tika aprékinata kilometriska
standartnovirze (3BonoB, 1952) (Celms et al., 2002) (1. formula), npemot véra

Pt

augstumu starpibu mérot “uz priekSu” un “atpakal”:

o 1fe
an| r

kur n - sekciju skaits gajiena;
r - sekcijas garums, km.

, (1)

Tapat visas Iinijas, tika aprékinata turp- un atpakalgajienos izmerita
vidgja paaugstindjuma kilometriska nejausa standartnovirze m, izslédzot
sistematisko, péc formulas (2.formula).

=) el ol

kur n - sekciju skaits gajiena;

N - posmu skaits ar vienada rakstura sistematisko kltadu uzkrasanos;

d - turp- un atpakalgajiena paaugstinajumu starpiba sekcija, mm;

r - sekcijas garums, km;

S - taisnes, kura novilkta grafika simetriski attieciba pret starpibu d
sistematiskas uzkrasanas liniju attiecigaja gajiena posma, galapunktu ordinatu
starpiba, mm,;

L - posma garums, km ar sistematisku paaugstindgjumu starpibu
uzkraSanos.

Kilometriska sistematiska standartnovirze, izslédzot nejauso kludu,
tika aprékinata péc formulas
1 ]1|s?
)
: €))

Pieméram lielakas niveléSanas sistematiskas kltdas tika noverotas
linija Tiraine — Jelgava — Meitene (3.2. tab.).

3.2. tabula
Nivelesanas linijas Tiraine — Jelgava Meitene precizitates raditaji
NiveleéSanas
NiveléSanas Nivelésanas Lo Garums, meérijumu kliidas
. Nivelieris
Iinija gads km S n G
mm | mm | mm
Tiraine —Jelgava 2000 WILD3003 78 048 | 044 | 0.18
— Meitene

Avots: autora veidota
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Kopuma par I klases nivelgjumu precizitati péc kludu analizes
secinams.

1. Kilometriskas standartnovirzes iegatie lielumi ir apmierinosi. Sis klidas
ietekmgjoSais faktors pamata minama refrakcija un paugurains apvidus
atseviskos niveléSanas liniju posmos;

2. Kilometriskas sistematiskas standartnovirzes lielumi ir tieSi saistiti ar
iegiitajam paaugstinajumu starpibu vertibam sekcijas pa visu niveleé$anas
Itniju;

3. Sistematiskas kliidas ietekmi uz merfjumu kopgjo precizitati apstiprina art
paaugstinajuma sistematiskas standartnovirzes lielums, kas ir 0.08 mm. S
vertiba ir paaugstinata, jo nemot veéra nejausas standartnovirzes lielumu,
kas ir 0.24 mm, tai jabit robezas no 0.02 lidz 0.05 mm.

4. Ka nejausas kludas ietekmgjosie faktori minama nejauSa refrakcijas
ietekme, kas noverojama pauguraina reljefa, termiska iedarbiba uz
nivelieri, v&j$, gaisa slanu parvietosanas autotransporta ietekme.

5. JaatzZim€ niveliera vizlras slijpuma izmaina niveléSanas sezonas laika. Tas
tamde], ka nivelieros ieved labojumu par latas nolasijumu atbilstosi
kalibrédanas procesa noteiktajam. ST iemesla d&| niveliera kalibrésana
veicama divreiz sezona, pirms un péc uzsaksanas.

6. Kopuma, lai péc iesp&jas samazinatu mérjumu kludu lielumu, tomér ka

- =x

galvenais faktors jamin stabili mériSanas apstak]i.

Lai veiktu izpildito nivelgjumu precizitates novert&jumu, tika
aprékinata niveléSanas kilometriska standartnovirze péc korelatu un parametru
metodém (Freijs, 1958) (Celms et al. 2013 (a)), kas ir s=0.785 mm/km.

Nozimigs nivelé$anas tikla precizitates raksturlielums ir ta mezglu
punktu augstuma precizitates raditajs. Mezglu punktu augstumu precizitates
noteikSanai tika izmantoti jaunakie nivelésanas tikla dati. Neapstradati dati tika
iegiiti no Latvijas Geotelpiskas informacijas agentiiras. Sie dati ir sakartoti pa
Imnijam, no kuram tiek veidoti poligoni. Katra Itnija niveléSanas dati ir sakartoti
noteikta seciba paradot niveléSanas zimes, paaugstindjumu starp tam un
attalumu starp zZimém.

Darba izvirzito uzdevumu sasniegsanai tika veikta Latvijas I klases
nivelésanas tikla izlidzinaSana p&c parametriskas metodes. P&c §1s metodes
veiktos aprékinos par mérijjumu rezultatiem pienemti gajienos starp mezgliem
izméritie paaugstinajumi, bet par nosakamajiem parametriem (nezinamajiem) —
mezglu izlidzinatie augstumi. Tika aprekinatas augstuma standartnovirzes
visiem niveléSanas ftikla mezgla punktiem. Ka izejas punkts tika izveléts
gadsimta repers fr 002 Sloka (Celms et al., 2013 (a)). Aprekinatas
standartnovirzes raksturo atjaunota niveléSanas tikla precizitati mezgla punktos,
un to var attiecinat uz tiklu kopuma.
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Apkopojot iegiitos rezultatus, iegiistam sekojosus secinajumus.
Vistalak no gadsimta repera fr 002 ir novietots fundamentalais repers
fr1174 Zilupé (Latvijas Austrumu dala), kura augstuma standartnovirze ir
9.7 mm, un fundamentalais repers fr1463 Jarkalngé (Latvijas Rietumu
dala), kura augstuma standartnovirze ir 8.2 mm.

Nemot véra $1 briza nivel&Sanas tikla standartnovirzi S=0.785 mm/km, kas
ietekmé& mezgla punktu precizitati, lai noteiktu celonus, turpmak ir
nepiecieSanas noteikt niveléSanas sistematisko klidu un izpétit to
ietekmgjosos faktorus.

Nivelesanas tikla punktu augstuma precizitate var tiesi ietekmet zemaku
klasu nivelesanas precizitati.
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4. VALSTS AUGSTUMA SISTEMA

Nodala raksturota Valsts Geodéziskas atbalsta sistemas funkcionalitate
un Valsts augstuma sistemas vieta taja, tas veidoSana un uzturéSana. Aprakstiti
ietekmes faktori uz augstuma sistemas funkcionalitati un stabilitati, dots
augstuma sistemas mainas strukttiras un metodikas pamatojums.

4.1. Augstuma sistéma — Valsts geodéziskas telpas sastavdala

Par Valsts augstuma sist€tmu uzskata valsti pienemtu un realiz€tu
sisttmu, kura nodroSina vienotu zemes virsmas punktu atraSanas vietas
vertikalas (zentta vai tre$as dimensijas) komponentes viennozimigu un ticamu
noteikSanas (uzmériSanas) iespgju.

Jebkuras Geodgziskas atbalsta sisteémas izveides mérkis ir panakt un
nodro$inat konkrétaja teritorija vienotu zemes telpiskas uzskaites un atskaites
sisttmu (matematisko pamatu) lietoSanu geotelpisko datu un informacijas
ieguvei, atlasei, uzskaitei, ka arT to turpmakai apstradei un lictoSanai $aja
vienotaja sistéma (Adam et al., 2000).

Par Valsts geodéziskas atbalsta sisttmas galveno produktu jauzskata
aktuals Valsts geodézisko sakumdatu (koordinatu katalogi, saraksti, to kustibu
parametri un kvalitates raditaji) kopums (ieskaitot apvidd nostiprinatos punktus,
centrus un to tiklus) un to pieejamibas/ lietoSanas nodrosinajums.

4.2. Valsts augstuma sistémas funkcionala nozime, veidoSana
un uzturésana

Lidzigi ka kop&jai geodeziskai sistémai, arl augstuma sist€mai
valstiskd nozimé janodrosina tie paSi uzdevumi, kuri attiecinami uz visu
sistému, bet atbildiba koncentrgjas tiesi uz vertikalas koordinatu komponentes
prasibu un kvalitates nodro§inajumu.

Valsts augstuma sistémas pamatuzdevumi ir:

e valsts teritorijas geod@ziskas augstumu atskaites sistémas matematiska
modela defingsana (izstrade) un ta uzturésana;

e  valsts teritorijas geodéziskas augstumu atskaites sistémas modela piesaiste
(sasaiste) ar realo valsts teritorijas virsmu, sasaistes parametru noteikSana
un uzturéSana;

e valstt noteiktds un izveidotas augstumu atskaites sist€mas saiknes un
integracijas nodroSinasana, uzturéSana ar starptautiska lietoSana
pienemtam koordinatu un augstumu atskaites sisttmam(pirmkart ES un
NATO pielietotajam ES telpa;

e nodro§inat valsts geodézisko atskaites sistému (tas veidotajus un
uzturétajus) ar informaciju un datiem eso$as geodéziskas atskaites
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sisteémas izejas parametru precizitates un kvalitates uztur€8anai, attistibai
(uzlabosanai), ka ar tas lietoSanas parametru paaugstinasanai.

Valsts augstuma sist€émas sastavdalas ir sekojosas (4.1. att).

Valsts augstuma sistema

Avots: autora veidots
4.1. att. Valsts augstuma sistémas sastavdalas

Izstradajot sistému, vienmér janem vera, ka tas izveides un uzturé$anas
izdevumi pieaug tie$i proporcionali (un pat straujak) tas precizitates raditaju
paaugstinaSanai, tapec sist€mas attistitaju nepamatota vai parprasta vélme
veidot péc iesp&jas precizaku sist€ému parasti noved pie nepamatoti augstiem
valsts budZeta izdevumiem gan istermina, gan ilgtermina.

4.3. letekmes faktori uz valsts augstumu sistémas funkcionalitati
un stabilitati

Vertikalas Zemes garozas svarstibu kustibas ir viens no izplatitakajiem
tektonisko kustibu veidiem (Mumanc u. np., 1960). Tas ir notikusas senaja
geologiskaja pagatn€ un notiek arT tagad, aptverot lielas kontinentu un okeana
dibenu dalas. Sis kustibas izpauzas ka leénas Zemes garozas pulsacijas, kuram
piemit zinams cikliskums. Vertikalam Zemes garozas kustibam ir lieli svarstibu
cikli, kuri ilgst veseliem geologiskiem periodiem (desmitiem miljonu gadu). Uz
So lielo svarstibu ciklu fona izdalami Tsaku periodu cikli (Maldavs u.c., 1981)
(V3y4eHne COBPEMEHHBIX JIBHXEHHIA..., 1981).

Ilgstosu vertikalo Zemes garozas kustibu gaita (epeirogénas kustibas)
atseviSki Zemes virsas apgabali 1€ni celas, bet citi — grimst. Izdarot loti precizus
Iimetnosanas darbus, $adas kustibas iesp&jams izmérit (Maldavs u.c., 1981).
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Zemes garozas vertikalas kustibas iespaido ari klimata izmainas (Klavins
u.c., 2009).

Skandinavijas un Baltijas valstis ietekme p&c Ledus laikmeta izraisitas
Zemes garozas celSanas efekts jeb Fenoskandijas efekts. Fenoskandijas zemes
virsmas pacel§anas zinama jau vairakos gadsimtos (Kowalczyk, 2006)
(ITpo6oxc, Xoquenkos, 1989).

Latvija pirmais Zemes garozas vertikalo kustibu un tas ietekmi uz
nivelesanas rezultatu precizitati saka pétit Prof. Dr. Janis Bikis. Vins izstradaja
darbu”Zemes garozas kustibu ietekme vertikalas uzmérisanas darbos Latvija un
pargja Baltijas juras piekraste” (Bikis, 1940) (Freijs, Jakubovskis, 1976).

Par notiekoSajam Zemes garozas vertikalajam kustibam Latvijas
teritorija pétijumus veica I. Lesis, G. Zelnins, E. Indriksons (MumpukcoH,
Dpeiic, 1976), O. Jakubovskis, M. Kronbergs (Kpoub6epr, Skybosckuii, 1972)
un citi. Lielu uzmanibu Zemes garozas vertikalo kustibu izpetei veltijis
J. Randjarvs (Jiiri Randjérv), pétot notiekosas kustibas Baltijas regiona kopuma
(Randjarv, 1993). Petjjumuspar notiekoSajam Zemes vertikalajam kustibam
veiku$i J. Agrens un citi zinatnieki (Agren, Svensson, 2007) (Puziene, 2011)
(Lidberg et al., 2009).

Zemes vertikalas kustibas péta arT promocijas darba autors (Ilenmc u.
ap., 2007). Izmantojot precizas niveléSanas materialus par laika periodiem
1929. — 1939.; 1967 — 1974; 2000 — 2010, Zemes iericibas un geodezijas
katedras magistrante Sanita Brahmane A. Celma vadiba izstradaja paSreiz
aktualako Zemes garozas vertikdlo kustibu modeli Latvijas teritorijai
(Brahmane, 2013) (4.2. att.).
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Avots: autora veidots
4.2. att. Zemes garozas vertikalas kustibas viena gada perioda.
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Zemes garozas vertikalo kustibu modela precizéSanai, ticamibas
palielinasanai un dinamikas novért€Sanai promocijasdarba autors piedava sakot
ar 2020. gadu realizét nakoso I klases nivelésanas kampanu Latvija.

Promocijas darba izstrades gaita tika planoti un realizéti GNSS
mérijumi valsts geodéziskaja fikla. So mérfjumu galvenais mérki bija analizet
zemes garozas vertikalo kustibu ietekmi uz pastavo$as augstumu sisteémas
stabilitati. GNSS me@rjjumiem tika izve€letas niveléSanas grunts zimes, kuras
atrodas nivel&Sanas tikla mezglu punktos.

GNSS mérfjumi tika izpilditi divas reizes — 2012. gada 14. decembr1
un 2013. gada 22. novembri. Visos izveletajos punktos merfjumi notika
vienlaicigi viena sesija no plkst. 10-iem lidz plkst. 14-iem.

Apréekinos I klases niveléSana iegiitic paaugstinajumi tika pienemti par
pamata liclumiem (etalonu), un GNSS mérfjumos ieglito paaugstindjumu
vertibas ar tam tika salidzinatas. GNSS meérijumu apstradei sadarbiba ar RTU
un LU parstavjiem tika izmantota programmu BERNEESE 5.0. GNSS punktu
merfjumi tika izlidzinati vienota sistéma, tos saistot ar LatPos bazes staciju tikla
punktiem un to uzkratiem nov€rojamiem par to pasu mérjjumu periodu.
Rezultatu parbaudei punktu augstumus (Iidz ar to arT paaugstinajumus) 2013.
gada, izmantojot vienu un to pasu programmnodro$inajumu un vienadus izejas
datus, rekinaja divi neatkarigi specialisti (A un B).

Aprekinatas paaugstinajumu starpibas iegiitas no GNSS mérfjumu
rezultatd ieglita paaugstinajuma atpemot paaugstinajumu, noteiktu ar
geometriskas niveléSanas metodi, paraditas 4.3. attéla. Specialista A aprékinos
divas paaugstinajumu vértibas atSkiras vairak par 8 cm no I klases nivelgjumu
paaugstindjumiem. Savukart Specialista B aprékinos seSas paaugstindgjumu
veértibas parsniedza 8 cm robezu. Parjie paaugstinajumi atseviski ieklaujas
geoida modela precizitates robezas. Tomér ka redzams 4.3. attéla, to atSkiribas
pret I klases nivel§jumu paaugstindgjumiem ir ar pret§jam zimém un nav
viennozimigas. Tikai paaugstindjumos Aluksne — Zilupe; Vane — Zilupe;
Salacgriva — Aluksne un Salacgriva — Zilupe to vertibas ieklaujas geoida
modela precizitates robezas.

Meérjjumu salidzinasana par etalonu pienemtie I klases niveléSana
ieglitie paaugstindjumi ar1 jauztver ka nosaciti. Tapéc, lai turpmak iegutu
precizaku salidzinaSanas un izvert€Sanas bazi, nepiecieSama gan jaunu
niveleSanas darbu cikla izpilde, gan atkartotas GNSS kampanas, kuru
rezultatiem jauzrada realais ieglito paaugstindjumu un to izmainu ikgadg€jas
dinamikas stavoklis, ka arT sasniegtie precizitaSu kriteriji.
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Avots:autora veidots
4.3. att. GNSS mérijumu salidzinajums ar I klases niveléSanas rezultatiem.

4.4. Augstumu sistémas mainas struktiiras un metodikas pamatojums

No ieprieks apskatita izriet, ka augstuma sist€émas izveides preocess
saistits ar ilgstosu laika periodu. Saja laika javeic ievérojams informacijas
ieguves un darbu izpildes apjoms. Pasaules prakse zinams, ka kvalitattvu un
ticamu datu ieguvei, kuri var tikt izmantoti jaunas, vai eso$as augstuma
sisttmas modernizacijai, ka minimums nepiecieSami 10 gadi (I'pymmuH u. mp.,
1972). Sadi piemingtie termini prasa lielu resursu patérinu. Jebkuri méginajumi
organizét augstuma sist€mas mainas pasakumus bez atbilstoSa apjoma
informacijas uzkrasanas var tikt uzskatiti par izmainu imitaciju, kura nav
saistama ar paSas sist€mas kvalitates uzlabosanu.

Atkariba no izmainu iniciativu izcelsmes avotiem var tikt lietoti dazadi
ricibas modeli, lai tos realiz€tu. Tie var biit dazadi gan saistiba ar izmainu
iniciativas realizacijai atvéleto vai atvélamo realizacijas terminu, gan iniciativas
aktualitati, gan politisko situaciju valstl, gan pieejamiem vai atveletajiem
resursiem. Bet, neskatoties uz iesp&jamo dazadibu, visiem ricibas modeliem
parasti izvirza vienu galveno prasibu — realizacijas drosibu (paredzot, ka zem
tas saprot gan pasSas iniciativas nepiecieSamibas parliecinoSu pamatotibu, gan
pareizu un atbalstitu realizacijas modela piedavajumu, gan pasa procesa
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realizacijas pilnvertigu planosanu un izpildi), valsts resursu izlietoSanas
lietderibas konteksta un tas iedzivotaju intereses.

Lai sadas garantijas raditu, var balstities uz klasisku ricibas modeli,
aprobetu lielas ripnieciskas razoSanas sist€mas. Atkariba no izmainu iniciativu
avotiem un citiem faktoriem ricibas modelis var tikt atbilstoSi pielagots,
adaptéts konkrétam vajadzibam, bet pamatos pie ta ieveroSanas vajadz€tu
pieturéties — cik tas nu logiski ir pamatojams un nepiecie$ams katra konkréta
gadijjuma, neaizmirstot par taja icklauto pamatnostadnu, poziciju obligatu
izpildi.

Klasiskais ricibas modelis pamata sastav no sekojosam tris
pozicijam (4.4.att.).

1. ldeja/nodoms/nepiecieSsamiba.
2. SagatavoSana/planosana.
3. Realizacija/ievieSana.

Katram $im ricibas posmam, ta kvalitativai izpildei ir nozimiga loma
galvena uzdevuma sasniegS8ana — nepielaut nepamatotu un nekvalitativu
pasakumu realizaciju, savlaicigi novérst potencialo zaud&umu/ problému
iespgjamibu pasa sist€mas izmainu realizacijas pasakuma un ta rezultatos.

Pirmais solis
Ideja, nodoms
vai nepiecieSamiba
Otrais solis
1. Ideja definésana SagatavoSana,
(markis, kapéc darts un planoSana
ko - motivacija) oL N
1. Rikoiuma projekta Tresais solis
2. Tehniska m-_"_p_‘r_”m planoSanai Realizacija,
pamatojuma igstrade ieviesana
(ko un ka dars- 2. Sagatavosands
tehnologija) planosanas darbiem 1. SagatavoSands
. darbi un pasakumi
EEE skt y SR 3. Pidnosana (ievads)
sggamvasa.ua
(izSkirSanas —javai ng, 4. Pifina realizdcijas 2. Organizdcija,
Jaja tadkad) rikojuma projekta izpilde
igstrdde (procesavadiba)

3. Nosiéouwma

Sogscgimd

(finals)
Avots:autora veidots

4 4. att. Ricibas modelis un ta poziciju saturs.
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SECINAJUMI

Ieprieks Latvija veikto precizo nivelg§jumu rezultatu analize norada, ka tie
izpilditi atbilstosi izstrades laika perioda precizitates un funkcionalitates
prasibam un miusdienas saglaba lielu nozimi Zemes garozas geodinamisko
procesu peijumos.

Péc koreletu un parametru metodes noteikta rekonstruéta niveléSanas
pamattikla kilometriska standartnovirze S=0.785 mm/km, kas pilniba
atbilst Valsts nivelésanas I klases veidoSanas prasibam.

. Noteikta rekonstrugta niveleSanas tikla mezglu punktu precizitate attieciba
pret fundamentalo gadsimta reperu fr 002 Sloka. Virziena lidz talakajiem
punktiem rietumu virziena ta ir 8.4 mm, austrumu virziena 9.2 mm, kura
norada uz patreizgjiem precizitates ierobezojumiem geoida modela izstradei
Latvijas teritorija.

Darba rezultata izstradats jauns Latvijas teritorijas Zemes garozas vertikalo
kustibu modelis, kura precizitate balstas uz 1idz Sim izpilditiem nivel&Sanas
rezultatiem un rada pamatojumu turpmakam niveléSanas darbu precizitates
paaugstinajumam.

. Nivelésanas tehnologijas uzlaboS$anai radits geodézisks izgudrojums -
paligierice un ar to saistita metode precizas niveleéSanas svitru latas
nolasi$anai liela attaluma, kas nostiprinata ar patentu Nr.14529.

. Nivelésanas tehnologiju uzlabo$anai veikti izpétes cikli GNSS mérfjumiem
Valsts nivelesanas tikla, ar merki pétit augstas precizitates paaugstinajuma
ieglisanas iespgjas lielos attalumos, pielietoSanai Valsts augstuma sistémas
monitoringam.

Turpmakai nivel€Sanas metozu uzlaboSanai veiktas dazadu nivel&Sanas
metozu precizitates analizes paaugstindjumu noteikSanai pari platam
tdenstilpeém. Iegiits pielietoto metozu precizitaSu novertéjums un sagatavoti
priekslikumi pielietojumam.

Izstradati tehniski un organizatoriski priekslikumi valsts augstuma sistémas
talakai attistibai un dazadu izmainu realizacijai.
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PRIEKSLIKUMI

1. Lai paaugstinatu niveleéSanas precizitati pari platiem udensskersliem,
promocijas darba autors iesaka izmantot paligierici un ar tas lietosanu
saistitu metodi, precizas nivelésanas svitru latas nolasi$anai liela attaluma.

2. Sistematisku ietekmju mazinasanai niveléSanas procesa, laika starp staciju
nolasTjumiem, kad aizmugurgja lata tiek parnesta uz nakamo tapu, prieksgja
lata janoce] no tapas, to novietojot atpakal pirms mérijumu izpildes.

3. Lai uzturtu un bitu iespgjams kontrolet fundamentala gadsimta repera
fr 002 stabilitati, v€lams ta tie$a tuvuma ierikot papildus fundamentalas
grunts zimes, tadgjadi izveidojot regulari uzturtu un ticamu kontroles
sistému, kas radis parliecibu par Latvijas augstuma sist€mas izejas punkta
stabilitati.
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INTRODUCTION

The precise levelling works, in accordance with contemporary
understanding, have been carried out relatively regularly in the teritory of
Latvia. It may be considered that in a way this territory has served as a
historical testing ground for the organization of many levelling or the land
surface hight surveying works, and here similar works were started and
developed almost alongside with the researches of geodetic measurements and
large amount works, being started in various places in the world, and in Europe
particularly. When mentioning such an event as the surveyance of Struve
meridian circle, the components of which crossed the territory of the present
Latvia, it must be admitted that many serious origins of geodetic works were
concetrated and started in this particular teritory of European region.

In the territory of Latvia the levelling works have been carried out
since the 70ies of the 19th century and with short intervals continued up to
nowadays. For example, in the territory of Latvia during the 20th century three
class | (high precision) levelling campaigns were carried out. The first
campaign was carried out during the period of the year 1929-1939, the second
campaign-from 1967 to 1974, and the last one, being prepared in the last years
of the mentioned century, was carried out in real time from the year 2000to the
year 2010, it means, already at the beginning of the 21st century.

The levelling works, carried out in the soviet period, served as the
basis for the implementation of a new hight system in the territory of the USSR,
including the territory of Latvia. The acquired results were called the regular
height system of the Baltic in the year 1977, still being used up to date when
the issue about the change of the state system of heights-further on being
attached to the hight of Amsterdam or EVRS.

Regaining the national independance in the year 1991, Latvia had to
start again the restoration of the state geodetic system, practically it meant
complete renovation. The renovation of the state hight system as a part of the
united state geodesic system was started. Initially as the basis of hight system
formation all the information about the hight systems used in the state territory
and nearby places, available at the time of regaining the independance, was
evaluated and used, as well as the data of hight survey or the processing results,
used to form and support them. The detailed investigation of the existing
information and designing of a new system set requirements for serious
argumentation, related with important, time consuming works of research and
analysis. At the same time the services of hight systems had to be
immmediately provided to realize various state and local municipality functions
and the public needs, thus at first the decision was made to take over and
continue to use the hight system, being used at that time in the state after
regaining the independence, the starting point of the system being located in the
territory of another state-in Kronstate, Russia. The documents, being taken over
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about the hight system and its quality indicated a number of problems the
founders and providers of the system had to face.

The analysis of field data of the first class levelling results, acquired in
the previous periods, was not possible to realize neither in first nor the second
campaign (epoha) since the data of field survey are not in Latvia and are not
available for the research. The catalogues with the processed data-the
calculated values of the hights of geodetic points and the leveled elevations
were available. That situation neither made it possible to evaluate the quality
indicators of the information nor provided high quality transformation on the
current condition of the earth surface, considering the impact of the movements
of the Earth crust during long periods of time. The model of vertical
movements of the state territory also was based only on the previously made
conclusions but not on the processed results of real surveying. The situation
highlighted those problems of the formation of the new state hight system and
the quality of its maintainance which by the time would increase. In order to
solve the problems the planning of the development of state hight system was
created within which systematic obtaining of hight surveying data and piling of
them was started — state levelling works were set up.

The new renovation works of the state levelling network which
included the renovation of the former levelling lines and the reconstruction, and
the 1st class (high precision) field surveying were carried out from the year
2000 to 2010. The obtained field survey data created the basis of a complete
evaluation of the currently used system and the assesment of the quality and
precision of the previously used information, and the assesment of the
compiance of the model of the vertical movements of the earth surface and its
updating and finally the assesment of the compliance of the existing hights
system to modern standarts.

The Doctoral thesis deal with the proposals and the justifications of
the development of the above mentioned hights system. The results of the new
surveyworks were used to form the justification. The thesis contains the
identification and the evaluation of the showings and the values of performed 1
class levelling, by analyzing the field data. In order to achieve the most
complete result, the analysis of the field survey data has been carried out in
different sections, stating the amount of different mistakes. They allow to
identify the impact of different factors on the survey processes, the applied
tools and their sets, the obtained results and the levelling works in general, for
instance-refraction, stability of pins, the impact of temperature, the choice of
tools and technical solutions etc. Presently such an evaluation of levelling field
survey results has not been done. The performance of it allows to check the
methodology of the presently carried out surveyworks, provides the
possibilities of analysis to decrease the impact of different factors in order to
increase the indexes of levelling precision. All the above mentioned has given
the possibility to compare the results with precision indexes of the neighour

45



countries. The opportunity to receive consultations and to familiriaze with the
experience of the Scandinavian eksperts who have carried out these works in
larger amounts. The author of the work, investigating the methodology of data
processing has concluded that the experts in this country and foreign collegues
hold the same opinion about the main indexes of survey errors and the size of
allowance.

The final part of the research concludes that on the basis of the
analysis and processing of the obtained materials, it was possible to form and
justify the technical and organizing proposals for the formation of the model of
the further development of state hight systems and to make proposals for the
prototype of the model.

The object of the study: the research of the levelling network of
Latvia.

The subject of the study: the reconstruction of the levelling network
of Latvia.

The objective of the study: to evaluate the levelling network of
Latvia on the basis of 1 class levelling results, to make and justify technical and
organizing proposals for the formation of the model of the development of state
hight system.

The hyphothesis of the study: Latvian levelling network performs
the functions necessary for the economy on the following conditions:
1. it has been reconstructed in compliance with the requirements of precise
levelling;
2. vertical movements of Earth crust in Latvia are taken into consideration;
3. it functions according to the model of the development of hight systems,
which has been worked out in the promotion work.

Tasks of the study:

to analyze the results of previously made levelling works in Latvia;

2. to analyze the precision of the renovated (2000-2010) class | levelling
network, including the main sources of errors, the quality of the
reconstructed network and to give recommendations to increase the
precision of levelling works;

3. to create the model of the dynamics of vertical movements of the Earth

crust, to predict its impact on the precision of the levelling network;

to make proposals to improve the levelling technologies;

to create and justify the technical and organising proposals for the

formarion of the model of the development of the state hight system.

=

ok

Methodology used in the study: the following research methods have
been used in the process of carrying out the doctoral Thesis:
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monographic or descriptive research method-used to describe and research
the problem of the study, by compiling the information and on the basis of
literature sources the present condition of the study problem has been
characterized;

mathematical statistic method of data-applied to state the diference of 1
class levelling line elevations by comparing point elevations in several
levelling campaigns;

method of analysis and synthesis-applied to characterize the diferences
of the 1class levelling lines elevations and their points;

method of correlate and parametres-precisions of levellig results and
levelling network;

graphical method-used to give visual presentation the described and
analyzed processes in general.

Theoretical importance and novelty of the study:
the history of precise levelling in Latvia has been researched;
the results of latest precise levelling in Latvia have been evaluated,;
the model of the dynamics of the vertical movements of the Earth crust
has been created;
the model of the development of the state hight system has been created
and justified.

Practical significance of the study:
patent Nr.14529 “Device and a Method for Precise Levelling Rod
Reading in Long Distances”;
improvements of the design of geodetic ground signs have been
implemented,;
Priekule fundamental (secret) benchmark group location works have been
organized;
a method to connect LatPos base antennae with the precise levelling
network with the geometric levelling has been approbated;
GNSS levelling works in the points of Latvian levelling network have
been performed.

Theses for defence:
scientifically researched and classified previous precise levelling works in
the territory of Latvia is the basis of the reconstruction of the state
levelling network after regaining the state independance;
Latvian levelling network fulfills the functions needed for economy if it
has been reconstructed according to the requirements of the precise
levelling;
the created model of the vertical movements of the Earth crust in the
territory of Latvia proves the necessity of regular maintainance of the
levelling network;
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4,

the present phase of improving the levelling network states the necessity
to create a new model of the development of state hights system.
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1. PRECISE LEVELLING IN LATVIAUP TO THE
YEAR 1990

This part of the Thesis deals with the description of the previously
performed levelling works when making the systems of levelling networks, and
presents the obtained precision values of the performed levelling.

Levelling in the territory of Latvia, being carried out to for a regular
levelling network, dates back to the second part of the 19th century. They were
greatly related with the common territories and particularly with the trends of
vertical surveying in Prussia, East Hungary, Holand and other places in Europe.
In Russia these works were performed with the aim to connect the observation
posts of sea water level in the Baltic Sea, the Black sea and the sea of Azov, as
well as by connecting levelling networks with neighbour countries to have
access to the observations of the sea level in the North sea and the Mediterrian
(Figurel).
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Fig. 1.1. The scheme of Russian levelling network in 1894.

The works in the territory of Russia and Latvia were carried out by the
Russian corps of war topographers. Considering the geographical location of
Latvia, a number of levelling works were performed in its territory, and were
included in the common levelling network. The levelling network consisted of
wall signs which were installed in every 20-25 km. However, as shown at the
end of the last century (Kammum..., 1979), the distance between the installed wall
signs caused additional problems to thicken the levelling networks and for
topographic survey.
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As the result of the campaign the sea level observation stadions in the
territory of Latvia, located in Daugavgriva, Ventspils and Liepaja, were
connected with Kronstat pile and the Black sea observation stadions of the sea
level, thus enabling to analyze and search for the coherence about the “zero” of
the sea level in different coastal parts. These researches provided an initial,
justified comprehension of the situation about the inland relief in synchronized
territory.

1.1. General levelling in the territory of Livonija

During the period of the year 1874-1882 in northen part of Latvia and
the south part of Estonia on the request of Livonia union of welfare and
economy general levelling was performed. The instruction was prepared by
Ludwig Schwarz, the director of Tartu observation, and who had gained
approval owing to trigonometric levelling performed in East Siberia. Levelling
was carried out by the engineer A.Broks and the astronomy student Karl Ernest
Helman (Seidlitz-Meyers, 1887).

The threshold of the building of Tartu University was taken as the
reference point, the hight of which was estimated by the astronomer Wilhelm
Struve with trigonometric levelling from the benchmarks of the Baltic Sea in
Daugavgriva and Tallin. The points of levelling line were stabilized with
benchmarks- carved horizontal line in the stones of brick buildings ori n
seperate big boulders. The reper number was carved above the line with
approximately 8 cm high Arabic digits. The hight values were estimated for the
geometric middle line of the specific€ line. The levelling benchmark, shown in
Figure 1.2., was located between Ergli and Plavinas-in Sausngja area,the photo
graph was taken in the year 1964 (Purvenieks, 1964). Nowadays the
information about such type of geodetic benchmarks in nature does not exist,
accordingly there does not exist material to research.
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Source: (Purvenieks,1964)
Fig. 1.2. Trigonometric benchmark of Wihelm Struve.

1.2. The formation ofLatvian precise levelling from the year 1929 to the
year 1939

During the 20th century from the year 1929 to 1939 precise levelling
works were performed thus creating State precise levelling network. The
created network covered evenly all the territory of the state and it consisted of
32 grounds with avarage perimeter 200 km and they were formed by the 123
levelling lines (Jakubovskis and others, 1994 (a)). The total length of the
levelling lines consisted of 4422 km.1262 geodetic signs were involved in the
levelling process (Latvijas PSR preciza..., 1941). The levelling network was
connected with the levelling networks of Estonia, Poland and Lithuania. They
also involved sea level observation stations in Ainazi, Daugavgriva, Meérsrags,
Kolka, Ventspils, Pavilosta, Liepaja (Figure 1.3.).
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Fig. 1.3. The precise levelling network of the Republic of Latvia.

During that period the levelling lines were directed firstly along the
railway lines, secondly-along the high roads. Levelling benchmarks were fixed
at every 6-7 km. Stone buildings, piers and culverts served as the places of
fixation of the geodetic signs. However, in the parts of the levelling lines where
the benchmarks were fixed at the railway in the second part of the 20th century,
cargo train intensity being increased, their hights changed under the influence
of vibration. The process continues still up to these days. Priekule railway
station may be mentioned as an example. In the last century in the main
building of the station, performing precise levelling, wall benchmark Nr.0719
was installed. This benchmark during the years 1935-1937 was levelled with
the fundamental ground benchmark Sr5. In the year 1997, performing levelling
between these two benchmarks, the author stated that during the time period
since prewar levelling, the hight diference between the both benchmarks had
changed by 4 mm (Celms, 2000).

The author of the doctoral Thesis, working on the Master‘s degree in
the year 1997, organized the search works of the Priekule fundamental
benchmark group (Celms, 2000). It was a big challenge as the official
information obtained after the studies of the levelling catalogues suggested that
these points have been destroyed, not relying on the information, the decision
was made to organize the search works to find some of the seven fundamental
benchmark groups. Priekule group was chosen because its benchmark Nr.6 was
the reference point of the pre-war hight system. By cameral examination and by
organizing repeated inspection and survey works with tools, the search was
successful.
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1.3. Precise levelling in the territory of Latvia from the year 1947 to 1990

After the Second World War Latvian levelling network was included
in the levelling network of the USSR and reconstructed. The levelling
lines,existing in Latvia, using the pre-war survey data as the basis, equalized
and calculated new orthometric hights, relating the with the average sea level
observations in Kronstat (zero level) - now being in the territory of Russian
Federation.

During the years 1947-1948 first class levelling was carried out by the
aerogedetic companies of the Supreme department of geodesy and
cartography.1 class lines Lomanosova - Riga and Riga —Baranovici and the line
Jelgava-Liepaja crossed the territory of Latvia. The total length of the 1 class
lines is approximately 420 km. The precision of this levelling has been studied
in the work by V.Zvonov (3eonos, 1952). According to the studies 1 class
levelling is characterized by the following accidental and systematic regular
deviations:

n = 0.39 mm/km,

o = 0.05 mm/km.

In the years 1967-1974 as well as in the period up to the year 1990 in
Latvia 1 class levelling of the years 1947-1948 was repeated on the lines
Ainazi-Riga-Jelgava-Meitene and the line Jelgava-Liepaja. During the period
after the year 1967, performing 1 and 2 class levelling works, several new
benchmarks were placed. In the focal points of the lines were placed mainly
fundamental benchmarks, but on the lines where it was needed (old
benchmarks were destroyed) the ground and wall benchmarks were installed
(ITporpamMma MOCTPOCHHUsI TOCYAAPCTBEHHOM..., 1977). In some cases the
benchmarks were not properly searched, new benchmarks were installed
directly nearby the old benchmarks; the levelling line was changed as well.

The obtained kilometre regular deviations:

class 1 levelling class 2 levelling
n = 0.8 mm/km, n = 2.0 mm/km,
6 = 0.08 mm/km, o =0.20 mm/km.

The 1 and 2 class levellings carried out after the year 1967, served as
the basis to form new hight system in the USSR and Latvia. The levelling
results were processed repeatedly and the standart hights, published in
catalogues, were calculated as previously from Kronstat zero. The results
obtained in the last variant of equalization were called the hights in the system
of the Baltic standart hights of the year 1977 (Silabriedis, 2010).
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1.4. Levelling of the Geodesy department of Latvia University of
Agriculture at the Plavini geodynamic polygin

For the reaserch of the activity of the present vertical movements of
the Earth surface in the early 60ies of the last century in the Baltic republics
were chosen the areas of the Earth surface, geologic similar, were the
geodynamic grounds were formed.

In Latvia such a geodynamic ground was created in the territory
around the Plavini Hydroelectric power station reservoir on the river
Daugava,about 100 km east from Riga. In 1962 on the ground levelling
network was formed which consisted of several closed and hanging courses.

For the levelling a precise spirit level Ni004, level with compensator
Koni007 and at the initial period-spirit level NA-1. To characterize levelling
precision kilometric regular deviation and systematic regular deviation, shown
in the tablel.1.

Table 1.1.
The precision of levelling carried out in Plavini geodynamic ground
Levelling year Total lengh of lines (km) 1 (mm/km) 6 (mm/km)
1963 195 0.37 0.11
1964 143 0.47 0.09
1965 161 0.47 0.17
1966 61 1.12 0.14
1967 68 0.52 0.10
1968 150 0.45 0.07
1970 178 0.48 0.14

The source-craeted by the author (®peiic, 1981)

The speed scheme of the vertical movements of the Earth surface, made
according to the results of the repeated levelling the year 1963-1970 in the
nearby area of the reservoir of Plavini hydroelectric power station is shown in
the Figure 1.4. After the analysis of the results it was concluded that filling the
reservoirs has not caused the deformations of the surface of the surrounding
areas.
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Fig. 1.4. The speed of the vertical movements of the Earth surface in the area of
the reservoir of Plavini HPS during the period of the year 1963-1970.
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2. THE RECONSTRUCTION OF THE LEVELLING
NETWORK SINCE THE YEAR 1990

This part contains the explanation about the exploration of the present
situation and assessment, the support of the government of Denmark in the field
of precise levelling. It deals with the description of creating the instructions of
levelling and the related levelling works in Priekuli ground, the exlanation of
the planning of the reconstruction of the state levelling network and its
performance. It also contains geodetic signs, included in 1 class levelling, the
future challenges of the use of geodetic signs.

2.1. The exploration of the situation and creation of levelling instructions

Since regaining the independance Latvia faced the situation when it
had to take over the information about the existing geodetic networks,
including levelling networks. The information which was taken over-different
types of catalogues-provided the awareness of the situation and setting the
objectives of the improvement of the levelling networks. The information about
the levelling points in the territory of Latvia was mainly compiled inlevelling
catalogues. Levelling signs were summarised according to the mapping on
lists,scale1:200 000. The information of the catalogues was presented on 23
map lists (Figure 2.1.).
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Fig. 2.1. The division of the territory of Latvia on 200 000 lists with schematic
location of levelling lines.
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The benchmarks of 1, 2, 3, and 4 class levelling have been presented
on map lists. The given symbol indicated whether it is wall mark, wall
benchmarks or some other type of levelling sign. Levelling signs are connected
with lines which represent the class of the levelling line. It must be admitted
that the precision of the location of levelling signs is quite low because after
matching the map scheme with complete cartographic material and the real
location of the signs the discrepancy was even up 2 km.

In the year 1994 The National survey centre of the state land cadastre
ordered a detailed theoretical investigation of the existing levelling network.
The work was carried out by Geodesy department of Latvia University of
agriculture (Jakubovskis u.c., 1994 (c)). This research served as the basis of
creating levelling instructions and the planning of perfoming the reconstruction
works of 1 class levelling network.

The government of Denmark gave a significant contribution in the
adjustment of the matters of the levelling networks. During the period ofthe
year 1996 to 1998 the Danish Ministry of Housing and Building realized
technical administrative sector program in geodesy in Lithuania, Latvia and
Estonia. One of the support branches of the program in Latvia was the precise
test levelling in the existing 1 class levelling network (Precise levelling in...,
1998).Within the realized subprogramin the spring of 1998 precise levelling
was carried out on the line Jelgava-Auce-Jaunauce. The works on the side of
the Danish were monitored and carried out by the survey company Kampsax
Geoplan, while on the side ofLatvia the works were organized by professionals
of the Geoplans Ltd. In the result of the work the performed levellings, the
obtained results and their precision were described,the existing benchmarks
were characterized, and their potential application in precise levelling. One of
the conclusions was the following-in Latvia there are no activities to realize
involvement in EUVN (European Vertical Network). This reprimand was the
cause of the discussions initiated by the professionals in the levelling field.

In order to gain and strengthen experience and to make certain of the
correctness of the created methods in 1 class levelling, the decision was made
to perform field survey in Priekule ground. The works were realized by the
professionals of National survey centre of State land cadastre in the year 1999.
The works were carried out in close cooperation with the Geodesy department
of Rural engineering of Latvia University of agriculture. The closed ground
Priekule-Embite-Vainode-Priekule was selected for the levelling (Figure 2.2.).

To prepare the levelling line for the work several new ground and wall
benchmarks were installed. The levelling line was completed with the new
benchmarks, considering that the distance between them would be about 2 km.
The location of ground benchmarks was chosen with consideration that the
benchmark would not be destroyed in the result of business activities farming,
road repairs, cable trench digging), but at the same time high quality GNSS
surveying is possible to be performed at that point.
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Fig. 2.2. Schematic location of benchmarks in the testing ground.

The total length of levelling walks was 54.8 km, from which 51.5 km
were in the closed testing ground. In forward and bacward direction the
accumulation of obtained hight diference in walk sections in all the testing
ground made +5.2 mm. The obtained value is clearly shown in Figure 2.3. The
obtained results justified the set requirements to achieve the necessary precision
in class 1 levelling.

62



6.6

Prickule

»
i

Embiite

34

“

= Prickule

km

32 34 36 38 40 42 14 46 48 50 82

Source-created by the author
Fig. 2.3. The accumulation of hight diferences in the levelling testing ground.

When starting the work to reconstruct levelling network, reasonably
the requirement of methodological regulation of the performed levelling work
was set. In the National survey centre of State land cadastre the decision was
made to work out 1, 2 and 3 class levelling instruction. Due to the contribution
in precise levelling survey the task was commissioned to the department of
Geodesy, Latvia University of Agriculture, and the task was accepted.

Specification of the requirements of the instruction was based on the
balance between the precision of survey and the costs of levelling. Evaluating
the allowed distance from level to the bar station, domestic as well as foreign
experience was considered. For example, 1 class levelling, carried out in the
period of the year 1929 to the year 1939, the distance from level to bar station
was 50 m (Kpymen, 1973) and the achieved result meets the modern
requirements. However, in Estonia this distance is limited to 30m (I, Il, ja....,
1994). When creating the instruction the authors of it took into consideration
the researches of R.Krapéns, M.Kronbergs and conclusions about 1 class
levelling in Latvian circumstances, thus the maximum lenth of visor from the
tool to the bar was stated to be 40 m (Kpou6epr, 1976) (Kpynen, 1978).

2.2. The reconstruction works of state levelling network

During the period of the year 2000 to 2010 in Latvia reconstruction
works of levelling network were carried out. (Lately 1class levelling network is
also called as firts order levelling network) Levelling lines basically were
directed along the previous lines, however there were significant diferences in
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their common network configuration. The levelling network of this period was
designed by creating larger testing grounds than they were previously. The
Project envisaged that the levelling network consists of 10 large and 1 small
testing ground around Riga. When realising the reconstruction of levelling
network in the mentioned period, the renovation of first order levelling network
was startedinLatvia. Levelling lines mostly were directed along the previous
precise levelling lines. However, in several places 1 class levelling lines were
directed in other places. For example, a part of a new levelling line was made
along the southeast border of the state from Indra to Demene in accordance
with the provision of hight justification for the east border of the state.
Levelling survey works were completed in the year 2010. The reconstructed
network consisted of 10 large testing grounds and a system of 5 smaller testing
grounds around Riga, the totallegth of the lines 3166 km (Figure 2.4.). Totally
hights of 2379 points were stated.

Every year levelling works were carried out fromthe end of April to
November-December.Levelling was done by the team which included
professionals-the employeesof the institution. To increase the amount of
levelling the second levelling team was organized which included the eksperts
ofdepartment of land management and geodesy of Latvia University of
Agriculture.
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Fig. 2.4. The scheme of the realized levelling network.
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Levelling was carried out according to the previously designed Project
for the mentioned line,considering the requirements of the instruction of 1, 2, 3
class levelling and the experience gained at the Priekuli testing ground. For the
characterization of the precision of the performed levelling the common,
kilometre accidental and systematic regular deviations of the levelling,
performed in one season (Table 2.1.).

Table 2.1.
The assessment of the precision of class I levelling
Kilometric random Kilometric systematic
Year of levelling standart deviation n standart deviation ¢
mm/km mm/km
2000 0.34 0.13
2001 0.28 0.12
2002 0.31 0.13
2003 0.25 0.07
2004 0.33 0.07
2005 0.29 0.07
2006 0.24 0.08
2007 0.30 0.09
2008 0.27 0.07
2009 0.23 0.10
2010 * *

*levelling results ofthe year 2010 were not available
Souce-created by the author

2.3. Geodetic signs in the fixation of the points of levelling network

Geodetic points realize the existance of hight and coordinate system in
the state territory. The notion of geodetic point involve the wholeness of data
and physical realization:coordinates and coordinate system,the method of
stating coordinates and precision, the time of the survey works and the
surveyor, connection with nearby geodetic points, information about the
location of the point and protection, the construction fixed in the area and its
design.

The stability and long preservation of signs is important. The choice of
the sign location is largely determined by stability and protection as well as
stating coordinates and the possibility of the use. Correct choice of location
alongside with protection measures ensures the preservation for decades
(Topum, 1972) (Ycnenckuii, 1968) (Cronbos, 1975). The oldest preserved and
found geodetic signs in the territory of Latvia date back to the first part of
thel9th century, for example Strive triangular point in Jekabpils and
elsewhere. In Riga there are some preserved levelling wall signs from the 80ies
of the 19th century (BemomocTh pernepoB, pacrmojoXeHHbIX..., 1909).
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A significant increase of the number of signs started in the time when Latvia
was an independent state for the first time. It still continues with short
interruptions during the war and changes of state system. The contrary process-
damage, destruction and failure to find signs takes place alongside.

The levelling network, the points of which are fixed with levelling
signs - benchmarks and marks, may function as long as these signs are
preserved in the same condition (Jakubovskis u.c. (b), 1994) (LlenTpsI
reoe3n4eckux myHKToB..., 1972). Levelling signs are divided in ground and
wall signs.

Ground signs of levelling have increased requirements of the stability
in vertical plane.because of that an anchor is a must in their construction. The
depth of digging is calculated to minimize the impact of frozen ground on their
stability. By construction levelling ground signs are divided in file ground
benchmarks and fundamental benchmarks (Latvijas geodézisko zimju..., 2002).
The funfamental benchmarks differ from fileground benchmarks with bigger
weight, bigger depth of digging and wit second mark-test mark which is
embedded in concrete in the anchor of a benchmark.

The century benchmarks take a special place in the group of
fundemental benchmarks the task of which is to serve as the basis of the state
hight system.These geodetic signs are placed in such a way that an anchor is
based on hard rock (MucTpyKItyst 10 HUBEIUPOBAHHUIO..., 2003).

When reconstructing the levelling network, new ground benchmarks
had to be established in each levelling line. It is not easy to provide the stability
of the condition of levelling signs as the upper ground layers of the earth
surface are under the influence of deformations of different direction,what
causes their movement.Thus the prolongation of the time of functioning of
levelling network mainly depends on the fact how the stability of the geodetic
signs is preserved. The ground levelling signs were created considering the
high requirements of the stability mentioned above (Figure 2.5.).
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Fig. 2.5. The dimensions of the created ground benchmark.
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The establishment of wall benchmarks of a new type was greatly
related with the location of fundamental buildings in the direct closeness of the
designed levelling line. The longer the building functions, the smaller are the
risks to their vertical movements. Accordingly the stated hight value of a wall
benchmark is more believable. The construction of the newly created wall
benchmark does not considerably differ from the existing wall benchmarks

(Figure 2.6.).
‘.‘ - = .\: ~ - == 10

N1

25

Dimensions-mm
Source:created by the author.
Fig. 2.6. The newly created wall benchmark for precise levelling from the
year 2000 to 2010.

The visual design of the benchmark is also of importance. For the wall
benchmarks it is important to keep the sign undamaged and accessible, in case
of the benchmarks the situation is more complicated. The newly creted ground
benchmarks after the establishment had the following visual design elements-
circle ditch, kupica and index pole.

Kupica and index pole faciliate the identification of the benchmark
after a year or a longer period of time. A special attention is paid to the shape of
the index pole. Originally it was like a 150 cm long square shape 15+15 cm
pole. However, debating the functions of the index pole, that shape was not
successful. It is explained by the fact that in case kupica is destroyed or because
of deep snow, it is not possible to find precisely the location of the geodetic
sign in reference to index pole. After intense search for better solutions, in the
year 2000 the author made an innovative proposal-by making the upper end
edge of the index pole semicircular but in the front part straight-the problem is
solved.

Assessing the diversity of the application of geodetic signs in the
nearest future it can be concluded that the ways of their application will
increase. It is due to the fact that different types of geodesic survey (horizontal,
vertical, gravimetric) can be carried out on the same geodetic sign. Previously
established points of triangular network may bementioned as a historical
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example. Surveying was performed and the position in the horizontal plane
with relavant precision class was stated in the signs of these points. In addition,
points of triangular network were levelled their hight values were stated.

The further preservation of geodetic signs is an important factor in the
maintainace of the geodetic networks. Because of the wide range of GNSS
application nowadays, impression about the insignificanceof geodetic signs
may appear. However, it must be considered that the Earth crust has continuous
movements. Accordingly, the organizations, maintaining geodetic space in the
state, must be able to predict correctly and fast the parameters of the
movements. It is possible by using well established and maintained geodetic
points, thus obtaining credible information about the geodynamic processes in
timeand space. Besides, there are set minimum requirements for the density of
geodetic points in state territories (Engineering and Design..., 1994).
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3. THE RECONSTRUCTION OF THE LEVELLING BASE
NETWORK OF LATVIA, THE YEAR 2000. - 2010.

This part of the doctoral thesis describes the process of precise
levelling works, examines the performed levellings over the rivers Lielupe and
Daugava, the precision of the obtained results. The invention of the author of
the doctoral Thesis of the device of reading digital levelling staff from long
distance. The description of levelling methods over large reservoirs. It presents
the evaluation of the precision of the reconstructed levelling network in Latvia.

3.1. The process of precise levelling

The 1class levelling fiels works have to be carried out accurately and
precisely, taking into consideration the technological requirements to achieve
the most precise results (I, 11 un I...., 2000).

The performance of levelling, considering the size of a team,was
organized with permanent eksperts ar the level and the bars.The preparation of
thelevelling line was done commonly. The team was provided witha minibus to
perform levelling works,to transport the staff and the equipment. Minibuses
were adjusted to carry 3m long levelling bars in the basket.

3.2. Precise levelling over reservoirs

When performing class 1 levelling, precise levelling had to be
performed also over large water reservoirs, for example, the rivers Lielupe and
Daugava. Not always there were bridges in the vicinity of the location of the
levelling works to measure from one geodetic sign to another one which is
located in the side of the river. Levelling to the nearest bridges requires
additional resources and causes the decline of the precision of the total levelling
network. Thus the hight diference from one bank of the river to another one had
to be measured. In the places whith the distance between the coasts of the
reservoirs not exceeding 100 m, levelling was carried out with digital level
DiNi12. The method of digital level was applied when levelling over the canal
of Karaosta in Liepaja. When levelling over larger reservoirs, Zeiss optical
leveller Ni0O2 together with digital levelling staff were used. However, in the
distances larger than 200m, the existing levelling method did not provide
precise results that is why another method was chosen.

As the width of the river Daugava at the estuary is approximately
700 m, it is not possible to read the staff over the river in the traditional way. In
such cases a sliding mark is fixed on the staff which is slided upwards or
downwards according to the instructions of the observer on the opposite
coast,while the line of telescope reticule takes a symmetrical position in
reference to the picture of the mark (Bunyes, Pakutos, 1961). The staff scale is
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read off to the index of the mark which match the symmetry axle of the
mark.Since such reading is time consuming and not very accurate because the
precision of reading the staff scale is about 0.5 mm, the author of the doctoral
thesis and M.Kronbergs, the member of the teaching staff of the department of
Land management and Geodesy of Latvia University of Agriculture, had the
idea to create such a mark for reading the staff which would not have to be
slided over the staff during the measuring, but the reading of the staff would be
obtained with the method of matching, using the micrometer of the tool.
Considering the gained experience,an auxiliary device was made
which provides stating the hight diference in long distance with high precision.
Serious work of performing experimental surveying resulted in success and the
application for the patenting of the invention. In the year 2012 the Patent Board
of the Republic of Latvia confirmed the patent Nr.14529 ,,Device and a Method
for Precise Levelling Rod Reading in Long Distances” (Latvijas Republikas
Patentu..., 2012). The device, mentioned above, (Figure 3.1.) has been applied
to perform 1 class levelling in a symbolic place-the Daugava estuary. The
inventors are Armands Celms, the author of the doctoral thesis,and Maigonis
Kronbergs, a lecturer of the department of Land management and Geodesy.

Source-foto by the author
Fig. 3.1. Device and a Method for Precise Levelling Rod Reading in
Long Distances.

In comparison with the other known methods of reading the levelling

staff of precise levelling in long distances, the invention provides more
convenient, faster and more accurate performance of surveying.
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To research the methods of measuring the hight diference, the decision
was made to measure the hight differance between two fixed ground
benchmarks with different levelling methods-geometric levelling with the
optical level Ni002 and the auxiliary device for precise reading of the |
levelling staff in long distance (further called a mark); geometric levelling with

Digital level Dinil2, trigonometric levelling and the levelling with the
application of global positioning.

The location of the research was in Jelgava,directly opposite the
Palace. The point “’Palis’’ was chosen to be the ground benchmark,which is
included in the 1 class levelling network and the ground benchmark 001,
established on the right bank of the river Lielupe. The distance between both
points is 333 m (Figure 3.2.).

Source-created by the author
Fig. 3.2. The location of the ground benchmarks.

The measurement of hight differance between two ground
benchmarks, applying the above mentioned methods,was carried out with high
accuracy and precision.For the hight differances, measured by each method,
standart deviations were Calculated (Table 3.1.) to characterize the precision of
measurements, necessary for the choice of the optimal method of measuring the
hight differance when levelling over large reservoirs.

The hight differances were measured with the optical level Ni002,
using the mark,fixed on the levellig staff, trigonometric levelling with 2’
electronic tacheometer, 1 class levelling with DiNi12 and with two GNSS tools.

However, considering the calculated standart deviations,it may be
concluded that the most precise measurements are made when levelling
goemetrically with the optical level Ni002 and using the new mark of reading
the levelling staff. It was achieved owing to the possibility in the levelling
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process to coincide precisely the mark index with the staff line (unlike the
previously used methods), and the bisector of the reticule with a mark line of
adequate width.It is another proof of the practical significance of the invention.

The fact that the value of standart deviations in levellings with DiNi is
bigger than the measured with Ni002 may be explained because of the need to
cross the bridge during the levelling. Although Ievelling’’forward’’and
“backward’’ direction were performed, in the morning and evening,
considering the micro movements, it had negative impact on the total precision.
This situation clearly characterizes the risks of the decline of the total precision
of the levelling network, if for crossing the rivers additional 1 class levellings
must be performed to reach the bridge and get to the geodetic sign,located on
the opposite bank of the river. The performance of additional levelling
increases the total costs of the realization of the Project.

Table 3.1.
Comparison of Levelling results
Method of Measured Calculated de?\t?:t(ij:r:tof
Calculated Levelling high Difference, high adiusted
high difference| direction difference mm difference, ajust
- high diff.,
Palis — gr 001 m m
mm
Geometric Palif:ivarrd001 —0.19205
levelling “bacwir = 1.68 ~0.19289 0.04
Zeiss Ni 002
(2eiss NI0O2) |0\ 001 palis| * 019873
. . “forward”
Trigonometric |, ;. —0.1880
levelling Pig:;wgarrgfl 8.6 01923 11
(Trimble M3) or 001 — Palis +0.1966
Geometric “forward”
- . —0.19264
levelling |Palis — gr 001 0.54 ~0.19291 0.13
(Trimble backward +0.19318
DiNi 12) gr 001 — Palis )
GNSS levelling |, _,.
(Trimble R8) Palis — gr 001 - - —0.1956 3.0

The source:created by the author

As it may be seen good results in hight transfer can be achieved by
using trigonometric levelling.the calculated standart deviation proves that by
using trigonometric levelling, the requirements of 3 class geometric levelling
can be fulfilled. In Latvia the standart deviation of 3 class hight differance
levelling is stated to be 3.0 mm/km. It proves that the performance of less
precise levellings over large reservoirs may be realized with 2’ theodolites.
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Such a combination of levelling methods is possible as for instance, to densify
the state levelling network.

Evaluating the precision of the obtained measurements, using global
positionig, it may be concluded that in hight transfer only the needs of technical
levelling can be provided with that method. However, the application of that
method in hight transfer asks for additional research.

3.3. The evaluation of the precision of the reconstructed levelling
network of Latvia

To evaluate the precision of 1class levelling, for each levelling line the
charts of accumulation of hight differances were made which characterizes
visually the levelling precision of a certain line and enable to calculate the
kilometric accidental and systematic deviation of levelling.

The charts show that in most cases the accumulation of hight

differances has positive tendency (Figure 3.3.).
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Source:created by the author
Fig. 3.3. The accumulation of hight differances on the line Tiraine-Eleja.

The analysis of the results of the performed 1 class levelling indicate
that on certain lines the accumulation of hight differances has negative
tendency. The levelling lines Zilupe-Altksne may be mentioned as bright
examples (Figure3.4.).
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Source: created by the author
Fig. 3.4. The accumulation of hight differance on the line Zilupe-Aluksne.
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To characterize the quality of levelling kilometric standart deviation
(3BoHOB, 1952) (Celms et al., 2002) was calculated, taking into account the
hight differance by measuring ’forward”’ and “’backward’’ (Formula 1).

-3l
an| r O

where: n- number of sections in a walk
r-the length of a section, km.

The kilometric accidental standart deviation of the average hight
differance, measured in forward and backward walks, was calculated,
excluding the systematic one (Formula 2)

"awl o

where: n  —number of sections in a walk

N — number of sections with the same type of accumulation of
systematic errors

d - the difference of hights difference of forward and backward walk
in asection,mm

r —the length of a section, km

S - stright line, drawn in the chart symetrically to the difference d
systematic accumulation lines of a certain section of a walk, the difference of
ordinates of final points, mm

L - the length of a section, km with systematic accumulation of hight
differance.

Kilometric systematic standart deviation,excluding accidental error,
was calculated according to the formula 3.

RN

For example, the biggest systematic errors of levelling were observed
on the line Tiraine-Jelgava-Meitene (Table 3.2.).

74



Table 3.2.
The indexes of the precision of levelling line
Tiraine-Jelgava-Meitene

Errors of levelling

- Year of Lengh of measuruments
Levelling line . Leveler -
levelling ling, km S n o
mm | mm mm
Tiraine Jelgava - 2000 | WILD3003 78 0.48 | 0.44 | 018

Meitene

Source:created by the author

After analyzing the errors the following conclusions may be made

about the precision of 1 class levelling.

1.

The obtained values of kilometric standart deviation are satisfactory.The
refraction and hilly region in certain sections of levelling lines must be
mentioned as an affecting factor of the error.

The values of kilometric standart deviation relate directly with the values
of the obtained hight diferences in sections of all the levelling line.

The impact of systematic error on the total precision of measurements is
also confirmed by the value of systematic standart deviation of hight
difference,which is 0.08 mm. The value is increased because, considering
the value of accidental standart deviation 0.24 mm, it must be from 0.02 to
0.05 mm.

The impact of accidental refraction,observed in a hilly relief, thermic
influence on a level,the wind,the movement of the air layers under the
influence of transport may be mentioned as the affecting factors of
accidental error.

The change of pitch of the the level visor during the levelling season must
be cosidered. It is because corrections in levels are made about the reading
of the levelling staff accorcingly as it is stated in the process of
calibration.Because of this reason the calibration of a level must be done
two times in a season,before and after it.

Generally, to minimize the size of the measurement errors stable
conditions of measuring must be mentioned as the main factor.

To evaluate the precision of the performed levelling kilometric

standart deviation of levelling was calculated according to the corelate and
parameter methods (Freijs, 1958) (Celms et al. 2013 (a)), which is
$=0.785mm/km.

A significant indicator of the precision of the levelling network is the

index of hight precision of focal points. The latest data of levelling network
were used to state the precision of the hights of focal points. Unprocessed data
were obtained from the agency of Geospace information of Latvia. Tha data are
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arranged according to the lines where the testing grounds are established. On
each line levelling data are arranged in a certain order, indicating benchmarks,
hight difference between them and the distance between the signs.

To fulfill the tasks set out in the Thesis, equalization of 1 class
levelling network of Latvia was carried out according to the parametric method.
According to this method in the calculations the measured hight difference
between the focal points of walks were taken as results but the equalized hights
of focal points as the definable parametres. Standart deviations of hight of all
the focal points were calculated. The century benchmark fr 002 in Sloka (Celms
et al., 2013 (a)) was chosen as a reference point. The calculated standart
deviations characterize the precision of the reconstructed levelling network in
focal points and it may be referred to all the network.

Summarising the obtained results the following conclusions can be
made:

1. The furthest from the century benchmark fr 002 is located fundamental
benchmark fr 1463 in Jurkalne (the west part of Latvia), the hight standart
deviation 8.2 mm and in Zilupe (the east part of Latvia) the hight standart
deviation 9.7 mm.

2. Considering the current standart deviation of levelling network
S$=0.785 mm/km, which affects the precision of focal points, to state the
causes it is necessary to calculate systematic error of levelling and to
investigate the affecting factors.

3. The precision of the hights of points of levelling network may directly
affect the precision of the levelling of lower classes.
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4. THE STATE HIGHT SYSTEM

This part of the Doctoral Thesis characterizes the functionality of the
State system of Geodesic maintainance and the position of State hight system in
it, its formation and maintainance. The affecting factors on the functionality
and stability have been described, the argumentation of the structure of the
hight system change and methodology has been presented.

4.1. The hight system - a component of State geodetic space

The state hight system is considered to be the system accepted and
realized by the state, which provides the possibility of credible and
unambiguous survey of vertical (zenith or third dimension) component of the
location of earth surface points.

The aim of the formation of any system of Geodetic maintainance is to
create and maintain a common use of reference system (mathematical
foundation) and spatial registration of land in a specific territory in order to
provide, select and register geospatial data and information, as well as for the
future processing and using of them in the common system (Adam et al...,
2000).

The main product of the State geodetic maintainace system must be
considered the topical totality of State geodetic reference data (coordinate
catalogues, lists, the parameters of their movements and the indexes of the
quality) (including the fixed points in the area, the centres and their networks)
and the provision of their availability/uasage.

4.2. The functional importance, creation and maintainance of the State
hight system.

Like the common geodetic system, the hight system in the sense of
national importance also have to fulfill the same tasks which relate to all the
system, but the responsibility mainly lies on the requirements of components of
vertical coordinates and the provision of the quality.

The main tasks of the State hight system are the following:

o defining the mathematical model of the reference system of hights
systems of the state territoryand the maintainance of it;

e the attachment (connection) of the reference system of the geodetic hights
of the state territory with the real surface of the state territory, defining the
connetion parameters and their maintainance;

o the provision of the link and integration of the hight reference system,
being stated and created in the state, the maitainance with internationally
accepted coordinate and hight reference systems (firstly-applied by EU
and Nato in EU space);
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e provide the state geodetic reference system (its creators and providers)
with the information and data to maintain and develop the precision and
quality of reference parameters of the current geodetic reference system,
as well as to increase the parameters of its usage.

The components of the State hight system are the following (Fig. 4.1.).

The State Height System

Source:created by the author
Fig. 4.1. The components of the state hight system.

Creating the system it must be taken into account that the costs of its
creation and maintainance increase in proportion (and even faster) with the
increase of the precision indexes,thus unjustified or misunderstood wish to
create as precise systemaspossible in most cases lead to unreasonably high
expenses of the state budget both in short term and long term.

4.3. The affecting factors on the functionality and stability of the State
hight system

The vertical movements of the fluctuations of the Earth crust is one of
the most widespread types of tectonic movements (Mupanc u. ap., 1960). They
occurred in the distant geologic past and still occur, including large parts of the
continents and the bottoms of the oceans. These movements are appearent as
slow pulsations of the Earth crust and which have a certain cycle. The vertical
movements of the Earth crust have big fluctuation cycles which last for whole
geologic periods (ten million of years). On the background of these big cycles
of fluctuations cycles of shorter periods can be dividend (Maldavs u.c., 1981)
(M3yuenne coBpeMEHHBIX JIBH)KEHHH. ..., 1981).



In the course of lengthy vertical movements of the Earth crust
(epeirogenic movements) certain parts of the Earth surface are rising, while
others are lowering. By very precise levelling such movements are possible to
measure (Maldavs u.c., 1981). The vertical movements of the Earth crust affect
the climate change as well (Klavins u.c.2009).

Scandinavian and the Baltic countries are influenced by the the effect
of the rising of the Earth crust or Fenoscandia effect, caused by the Ice age. The
Fenoscandia rising of the earth surface has been known for several centuries
(Kowalczyk, 2006) (ITpoGokc, XoaueHkos, 1989).

In Latvia the vertical movements of the Earth crust and their impact on
the precision of the levelling results for the first time were researched by
Dr.Janis Bikis. He wrote the work *’The impact of the Earth crust movements
on surveyingin Latvia and the rest of the Baltic coast” (Bikis, 1940) (Freijs,
Jakubovskis, 1976).

The research of the vertical movements of the Earth crust in the
territory of Latvia were carried out by I.Lesis, G. Zelnins, E. Indriksons
(Uenpukcon wu. gp., 1976), O. Jakubovskis, M. Kronbergs (Kpoubepr,
SAxy6ockwmii, 1972), J.Randjarvs (Jiiri Jandjarv) has paid great attention to the
research of the vertical movements of the Earth crust by reserching the existing
movements in the Baltic region in general (Randjarv, 1993). Researches of the
verticalmovements of the Earth have been carried out by J Agrens and other
scientists (Agren,Svensson, 2007) (Puziene, 2011) (Lidberg et al., 2009).

The vertical movements of the Earth have also been carried outby the
author (Llenmc u. ap., 2007) of the Doctoral Thesis. Using the materials of the
precise levelling during the time periods 1929. - 1939; 1967 - 1974; 2000 -
2010 S.Brahmane, the Master of Science of the department of Land
management and geodesy, under the supervision of A.Celms, created the model
of the vertical movements of the Earth crust in, the territory of Latvia,which is
highly important at present (Brahmane, 2013) (Figure 4.2.).

79



The speed of land surface movement, mm/year:
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G

Source;created by the author
Fig. 4.2. The verticalmovements of the Earth crust over a period of one year.

To make the model of the vertical movements of the Earth crust more
precise, to increase the credibility and to evaluate the dynamics, the author of
the Doctoral Thesis proposes to realize the 1class levelling campaign in Latvia,
starting from the year 2020.

In the course of the preparation of the Doctoral Thesis GNNS
measurements were planned and carried out in the state geodetic network.
The main aimof the measures was to analyze the impact of the vertical
movements of the Earth crust on the stability of the existing hight system. Two
ground benchmarks, located in the focal points of the levelling network, were
chosen for the GNSS measurements.

GNSS measurements were performed two times a year-on December
14, 2012 and November 22, 201. In all the selected points the measurements
were performed at thesametimein one session at the time from 10-14.

The hight diferences, obtained in the GNSS measurements, were taken
as the base values (standart) and the hight difference values, obtained in GNSS
measrements, were compared to them. The programme BERNEESE 5.0 in
cooperation with the representatives of RTU and LU was used to process the
GNSS measuresments. The GNSS measurements of the points were equalized
in a common system, linking them with the points of the LatPos first order
levelling network and with their observations over the same measurement
period.

In the year 2013to check the results the hights of the points (it means-
also hight difference) were calculated by two independent eksperts (A and B),
using the same software and the same reference data.
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The calculated hight diferences have been obtained by subtracting the
hight diferences, calculated by a certain method of geometrical levelling, from
the the hight difference, obtained in the result of GNSS measurements,
presented in the Figure 4.3. In the calculations of expert A two values of the
hight difference differ from the hight diferences of 1 class levelling by 8 cm.
While in the calculations of expert B six values of the hight difference
exceeded 8 cm. The other hight differences seperately fit in the limits of the
precision of geoidicmodel. However, as presented in the Figure 18, their
differences to the 1 class levelling hight diferences are with opposite signs and
are not equippolent. Only in the hight diferences on Aliksne-Zilupe; Vane-
Zilupe; Salacgriva — Aluksne and Salacgriva — Zilupe their values fit in the
limits of the precision of the geoid model.
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Fig. 4.3. The comparison of GNSS measurements with the results of the
class 1 levelling.

In the comparison of the measurements the accepted standarts of the
hight diferences of the 1 class levelling have to be considered to be relative.
Thus, to obtain more precise basis of comparison and evaluation, a performance
of a new cycle of levelling and repeated GNSS campaigns are nedded the
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results of which would show the real situation of the hight difference and the
dynamics of the changes as well as the achieved criteria of precision.

4.4. The justification of the structure and methodology of the change of the
hight system

According to the ideas discussed above,the process of creating the
hight system take a long period of time. During that time a large amount of
information must be obtained and big amount of works must be carried out.
The world experience shows that to obtain high quality and credible data which
may be used to update the new or the existing hight system it takes at least 10
years ([pymun u. ap., 1972). The mentioned time periods demand big use of
resources. Any attempts to arrange the hight system change without acquiring
adequate amount of informationmay be considered as the imitations of the
changes, having no relation to the improvement of the system itself.

According to the origins of the initiatives of the changes different
models of activities may be used to realize them. They may be various,related
to the time of the realisation of the initiative of the changes,the topicality of the
initiative,the political situationin the stateand the resources available or
allocated. Regardless the potential variety, for all the models of activities one
requirement is set — the safety of the realisation (in a sense of convincing
argumentation of the initiative, the adequate offer of the model of the activities
and the planning and performance of the realisation process) in the context of
the adequate use of state resources and the interests of the citizens.

To provide such guarentees, it is possible to rely on a classic model of
performance, approbated in the big industrial systems. Depending on the
sources of the initiatives and other factors, the performance model may be
adjusted, adapted to specific needs,however,it is advised to keep to the
model,as much it is possible in a specific case, not forgetting about the basic
regulations and positions it involves.

The classic model of performance basically consists of the following
three positions (Figure 4.4.).

1. The idea, the necessity.
2. The preparation, the planning.
3. The realisation, implementation.

Each stage of the performance, its high quality performance is of high
importance to achieve the main task-not to allow unadequate and bad quality
realisation of the activities. To avoid timely the potential losses/the possibility
of problems arising in the realisation process of the system change and its
results.
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Source:created by the author
Fig. 4.4. The model of performance and the content of its positions.
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CONCLUSIONS

The analysis of the results of the precise levelling, previously performed
in Latvia, indicate that they have been performed according to the
requirements of the functionality and precision of the preparation time
period and nowadays they are still important in the research of the
geodynamic processes of the Earth crust.

Kilometric standart deviation S=0.785 mm/km of the reconstructed
levelling first order network has been calculated with corelate and
parametric method which completely complies with the requirements of
the formation of the state 1 class levelling.

The precision of the focal points of the reconstructed levelling network
has been calculated in reference to the fundamental century benchmark
fr 002 in Sloka. It is 8.4 mm in west direction 9.2 mm in east direction to
the most distant points, which indicate the present precision restrictions of
the preparation of the geodic modeli n the territory of Latvia.

A new model of vertical movements of the Earth crust in the territory of
Latvia has been created, the precision of which is based on the performed
levelling results and provides the ground for the further improvement of
the precision of levelling works.

To improve the levelling technology a new geodetic invention-an
auxiliary device and related method of reading the precise levelling rod in
long distance has been created and registered with the patent Nr.14529.
To improve the levelling technology research cycles have been done for
GNSS measurements in state levelling network with the aim to research
the possibilities to obtain precise hight difference in long distances to
apply them in the monitoring of State hight system.

For the further improvements of levelling methods the analysis of
precision of different levelling methods over large reservoirs has been
carried out. The evaluation of the precision of the applied methods has
been obtained and the proposals for the application have been prepared.
Technical and managerial proposals for the future development of the
state hight system and the realisation of different changes have been
prepared.
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PROPOSALS

To increase the precision of levelling over large water obstacles the author
of the doctoral thesis proposes to use an auxiliary device and the method
related to its application when reading the precise levelling staff in long
distance.

To minimize systematic impacts in the levelling process in the time period
between the station readings when the back bar is transferred to the next
pin, the front bar has to be removed from the pin, placing it back before
the mesurements.

To maintain and enable monitoring of the stabiliyu of the fundamental
century benchmark fr 002 it is advisable to establish additional
fundamental ground signs in its direct vicinity thus creating a regularly
maintained and credible control system which gives confidence about the
stability of the reference point of hight system of Latvia.
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