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° Geodeticka observator Pecny

Vv Ondfejove (Praha-vychod), zalozena v roce 1957 pmmmmmmmsmmmn
jako infrastruktura pro experimentalni vyzkum v [EEEEENESEEE
geodézii v CR )

AKTIVITY:
+ Tihové pole Zemé: teorie, geoid (tvar Zemé) [N
*GNSS — mefeni, analyzy, aplikace EEREEEE

(meteorologie, doprava)
* DORIS analytické centrum (pfispévek Kk

PROVES T/

mezinarodnimu soufadnicovému systému) THE EXPeRIM 2

« METROLOGIE, statni etalon tihového
zrychleni, kalibracni zakladna GNSS,

w

*‘GRAVIMETRIE -
absolutni ,,g*“, zmény V
disledku slapt, pohybu
polu, redistribuce hmot




Absolutni gravimetr

Princip: volny pad testovaciho télesa ve vakuu [ |FesandFGsxgravimeters
equipped by additional

SledOVan},’ laSCI'OV}”m interferometrem detectors and software
== allow to determine
corrections due to:
= fringe signal distortion
= electronic dispersion
= verticality misalignment
= (Coriolis force
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Korekce a nejistoty

Instrumental
corrections

from -1.2 to -1.8

/ pGal

Self-attraction

Diffraction from +1.2to +2.8

Cable length from -0.2 to -1.2

Impedance mismatch +1.4

from 0.0 to -4.0
+ 0.6

Signal distortion
Rotation of pulleys

Verticality from +0.0 to +1.5
Edtvos/Coriolis +1.5
Air gap modulation +0.5

The instrumental uncertainty of FG5X:

2.8 yGal for the original system

1.8 pGal for the improved system

VUGTK has reached the best measurement capability in the world



https://www.bipm.org/kcdb/cmc/search?domain=PHYSICS&areaId=4&keywords=&specificPart.branch=-1&specificPart.service=-1&specificPart.subService=124&specificPart.individualService=-1&_countries=1&publicDateFrom=&publicDateTo=&unit=&minValue=&maxValue=&minUncertainty=&maxUncertainty=

Q@  statni etalon tihového zrychleni

S|l base unit: kilogram (kg) Nova definice kilogramu
https://www.bipm.org/en/si-base-units/kilogram

The kilogram, symbol kg, is the Sl unit of mass. It is defined by taking the fixed numerical value
of the Planck constant h to be 6.626 070 15 x 1034 when expressed in the unit J s, which is equal
to kg m? s'1, where the metre and the second are defined in terms of ¢ and Avcs.
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https://www.bipm.org/en/si-base-units/kilogram

Depth

1 pGal =1-108 m-s

1.18 upGal self-attraction effect — vertical component of gravitational attraction of the FG5X masses to the
freely falling object

|

Free air gradient g = -308,6 pGal/m .... 1 pGal = 3.2 mm

Bouguer gradient 86gg = -196,7 uGal/m .... 1 ygGal = 5.1 mm

— N
—

Efekty blizkych proménlivych vodnich hmot by
m¢ly byt méfitelné, potiebna citlivost =1 pGal



o Viiv redistribuce kontinentalnich vodnich zasob

Vyjadtena harmonickou funkci s ROCNI periodou

Amplitude [uGal] 0 LaD ___ |

Amplitudes up
to 3 uGal
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Pokud bude gravimetr schopen méfit s presnosti 1-2 pGal mélo by byt mozné
sledovat ,neinvazivhé® zajimavé geodynamické jevy (lokalni/globalni) —

doplnujici informace ke GNSS, InSAR...
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Komercni absolutni gravimetry

A-10 (USA), https://microglacoste.com/

= -18°Cto+38°C
= 10 pGal / 2-5 pGal
= 500 tis. USD

FG5X (USA), https://microglacoste.com
= 14°Cto +34°C

= 2-4puGal /1-2 pGal
= 500 tis. USD

MQuans (France), https://www.muquans.com/

.
= _—

= 10°Cto+30°C
= 10 pGal /2-5 pGal
= 600 tis. EUR




Relativni gravimetry

Il Pro¢ absolutné a ne relativné?

Levnéjsi, rychlejsi, obdobné presné (do cca 10 km)
- Pouze rozdily g
- Jde ndm ale primarné o zmény, nebo ne?

- Bez jednoznacné stanovené reference (absolutnimi
gravimetry) jsou zmeény irelevantni/neptresne

- Ideélni pro zhusténi na malém Gzemi

Velkou vyhodou absolutnich gravimetri je prosty fakt, Ze
jsou vlastné realizaci jednotky zrychleni (v rozsahu Q) a to
pies kalibrované standardy ¢asu a délky.

Absolutni gravimetry VUGTK byly proto vyhlageny statnimi
etalony tithového zrychleni.




DoE [uGal]

Porovnavaci meéreni

Potvrzeni deklarované schopnosti méteni

Gravimetry VUGTK se zii¢astnily 12 porovnani
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Lokdlni vs. globdlni hydr. signal_..

Local hydrology
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o Porovnani s WGHM a GRACE

Ag pGal

TREND:
GRACE: 0.43 + 0.09 pGal/year
PE : 0.39 £ 0.17 pGallyear
WGHM : 0.12 + 0.11 pGall/year
PE_cor : -0.04 + 0.12 pGallyear

AGREEMENT (std of differences):
PE_cor vs. WGHM: +0.63 pGal
PE_cor vs. GRACE_920 : +0.87 uGal
PE_cor vs. GRACE_400 : +1.11 uGal
WGHM vs. GRACE_400 : +1.32 uGal
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GRACE, Gaus. filt. 400 km
—— GRACE, Gaus. filt. 610 km
— GRACE, Gaus. filt. 920 km
Pecny, corrected for loc. hydrology
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20 zakladmch absolutmch bodu y CR




g - 981076000 /puGal
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65 Kunzak - zména tihového zrychleni z opakovanych méreni
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5 61 Kvilda - zména tihového zrychleni z opakovanych méreni

Konf. interval 20

[
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- 980739100 [uGal
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Gravimetry FG5/X jsou schopny zachytit sezonni signaly s velmi vysokou
presnosti

| Eacoammy

= Sazonni signal

A\ g/uGal

gy 980739118.8 + 2.3 pGal
Amplitude 3.2 + 0.8 pGal
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Méreni v polnich podminkach, pilif 0.6 x 0.6 x 0.8 m3
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Significantly higher noise

1H
1 could be seen in residuals
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TACR Digitalizace
Automatizace

® Monitoring

Koéd projektu: SS07020036

Digitalni automatizovany monitoring synergickych vlivli zatapéni
uzavienych doli kladenského reviru k Fizeni rizik nasledku

hornické ¢innosti a dalSimu rozvoji uzemi (DiAMo)

UGN+VUGTK+UTIA DIAMO+CHMU
Navrh monitoringu zemskeho povrchu Navrh monitoringu vod
I l
P \ 4 v v v
FVUGTK UGN VUGTK UTIA CHMU

{ GNSS méieni | | Druzicovy INSAR Gravimetrie

Stabilita GNSS bodU Monitoring vod

| |
v

UTIA € N UGN

Napétova analyza Interpretace méfenych dat

| |
v

UGN+UTIA+VUGTK+CHMU+DIAMO
Tvorba vysledka V1, V2, V3, V4

BINET




Zaver

Pozemni gravimetrie je neinvazivni metoda, ktera ma schopnosti zachytit
jemné signaly souvisejici s geodynamickymi jevy a redistribuci vodnich
Zasob.

K poskytnuti neodchylenych odhadti musi byt méfeni navazana na absolutni
méfeni zapojena do systému mezinarodnich porovnavacich méteni a
referencnich stanic. L =i




Deéekuji za pozornost!

Vice informaci ,,na Pecnem?*...
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“Curse Con Edison! Another brownout!”

One effect of gravity (© The New Yorker Collection 1973
Lee Lorenz from cartoonbank.com. All Rights Reserved.

Rozvoj gravimetrie ve VUGTK by nebyl moZny bez Fady projekti MSMT,
GACR, TACR a podpory CUZK a UNMZ
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