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Per–lhyh

H paro‘sa ergas–a Ëqei wc antike–meno th melËth thc ionÏsfairac pànw apÏ ton elladikÏ
q∏ro. H prosËggish g–netai mËsw thc epexergas–ac parathr†sewn GPS, apÏ thn opo-
–a dhmiourgo‘ntai ionosfairikà montËla prosarmosmËna katà to dunatÏn kal‘tera sthn
Ellàda. To jËma antimetwp–zetai se d‘o ep–peda. Sto pr∏to mËroc diatup∏netai to je-
wrhtikÏ pla–sio pànw sto opo–o bas–zetai h melËth aut†, en∏ sto de‘tero parajËtontai
ta apotelËsmata thc melËthc kai diatup∏nontai ta sumperàsmata gia thn ionÏsfaira pànw
apÏ thn Ellàda.
Sto pr∏to kefàlaio thc ergas–ac g–netai mia prospàjeia na proseggiste– oloklhrwmËna
to jËma thc ionÏsfairac. Arqikà, or–zetai h Ënnoia kai parat–jentai ta qarakthristikà
stoiqe–a pou thn perigràfoun kai sth sunËqeia melet∏ntai oi paràmetroi pou ephreàzoun
thn puknÏthta kai thn katanom† twn iÏntwn. Parousiàzontai, epiplËon, oi suqnÏterec
ionosfairikËc anwmal–ec pou Ëqoun parathrhje–. TËloc, g–netai anaforà se treic idiaitËrwc
shmantikËc uphres–ec gia to GPS, thn IGS, thn EUREF kai th NOA.
To de‘tero kefàlaio aforà se mia pol‘ shmantik† katàkthsh gia th melËth thc ionÏsfai-
rac, ta arqe–a IONEX (IONosphere EXchange). SugkekrimËna, perigràfetai h diadikas–a
paragwg†c touc, h qrhstikÏthta aut∏n twn arqe–wn, ti plhrofor–ec parËqoun kai pwc
sumbàlloun sth melËth kai thn katanÏhsh thc ionÏsfairac kai twn fainomËnwn pou para-
thro‘ntai s’ aut†.
Sto tr–to kefàlaio g–netai m–a prosËggish thc filosof–ac tou GPS epishma–nontac paràl-
lhla kai kàpoiec apÏ tic basikËc arqËc thc leitourg–ac tou. EpiplËon, parat–jentai kai
anal‘ontai ta sfàlmata pou upeisËrqontai stic metr†seic me GPS. TËloc, g–netai eidik†
mne–a stic topografikËc efarmogËc pou mporo‘n na g–noun me th qr†sh tou.
Sto tËtarto kefàlaio parousiàzetai h diadikas–a pou akolouj†jhke, ∏ste telikà na pa-
raqjo‘n ta arqe–a IONEX pou perigràfontai sto pËmpto kefàlaio thc ergas–ac. Gia to
skopÏ autÏ dhmiourg†jhke Ëna d–ktuo doruforiko‘ entopismo‘ gia to prosdiorismÏ thc
jËshc tessàrwn mÏnimwn stajm∏n, epilegmËnwn Ëtsi ∏ste na peribàloun thn Ellàda.
To pËmpto kefàlaio apotele– –swc to shmantikÏtero kommàti thc ergas–ac, kaj∏c se au-
tÏ katagràfontai kai axiologo‘ntai ta apotelËsmata IONEX pou par†qjhsan apÏ thn
epexergas–a pou prohg†jhke sto kefàlaio 4. Sumplhrwmatikà, parajËtontai kai ta apo-
telËsmata thc s‘gkrishc twn paraqjËntwn arqe–wn IONEX me Ëtoima pagkÏsmia IONEX
thc CODE.
Sto Ëkto kai teleuta–o kefàlaio thc ergas–ac sunoy–zontai ta sumperàsmata pou ex†qjh-
san apÏ th melËth thc elladik†c ionÏsfairac.
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Abstract

The present thesis aim to study the ionosphere over Greece. The study is carried out
by processing GPS observation, which inturn ionospheric models adapted at the best
possible way in Greece. In the first part of the research the theoretical framework is
layed down. Then, in the second part the results of the study and its conclusions about
the ionosphere over Greece are listed.
The first chapter of this study approaches the ionosphere in general. Initially, the meaning
of ionosphere is defined, its features are listed and the parameters that affecting its density
and its distribution of ions are considered. The most frequent observed ionospheric
anomalies, are also being presented. Finally, three very important GPS services are
being presented [namely: IGS, EUREF and NOA].
The second chapter deals with a very important achievement for the ionospheric research
community, the IONEX (IONosphere EXchange) files. More specifically, it is described
the production, the utility and the information content of these files, as well as their
contribution to the study and understanding of the ionosphere and phenomena observed
in there.
The third chapter is presented the general philosophy of GPS, while at the same time
pointing out some of the basic principles of its operation. Also, the errors involved in
measurements with GPS are quoted. Finally, there is specific reference to topographic
applications that have become much easier by its use.
The fourth chapter presents the procedures followed for producing the IONEX files de-
scribed in the fifth chapter of the thesis. For this purpose, a GPS network was generated
to determine the position of four permanent stations, selected so as to surround the
Greece.
The fifth chapter is perhaps the most important piece of this work, as this is where, the
IONEX results are being evaluated. Additionally, the results of the comparison of the
produced IONEX files and the global CODE’s IONEX are presented.
The last chapter of the thesis summarizes the conclusions drawn from the study of the
Greek ionosphere.
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Eisagwg†

'Ena apÏ ta zht†mata pou kale–tai na antimetwp–sei h doruforik† gewdais–a e–nai h sumpe-
riforà twn hlektromagnhtik∏n kumàtwn Ïtan autà xekin∏ntac apÏ to dorufÏro perno‘n
apÏ ta diàfora ep–peda thc atmÏsfairac gia na katal†xoun ston ep–geio dËkth. To p∏c dia-
d–dontai ta k‘mata autà apotele– Ëna per–ploko, allà sugqrÏnwc idia–tera endiafËron jËma
kai qr†zei megàlhc prosoq†c, kaj∏c ephreàzei kai se megàlo bajmÏ kajor–zei thn akr–beia
tou entopismo‘ jËshc me th qr†sh GPS. Paràllhla, apÏ th melËth tou zht†matoc auto‘
mpore– kane–c na antl†sei anekt–mhtec plhrofor–ec gia th g†inh atmÏsfaira (tropÏsfaira
kai ionÏsfaira).
'Opwc anafËretai kai sto [1], h ‘parxh iÏntwn sta str∏mata thc atmÏsfairac e–nai m–a
paràmetroc me idia–terh bar‘thta gia to z†thma autÏ. Shmei∏netai ed∏ Ïti ta ionismËna
swmat–dia pou br–skontai sthn tropÏsfaira ofe–lontai kur–wc stic hlektrikËc ekken∏seic
twn kataig–dwn kai sthn aktinobol–a radienerg∏n ousi∏n apÏ thn epifàneia thc ghc, en∏ ta
iÏnta thc ionÏsfairac qarakthr–zontai uyhl†c enËrgeiac kai proËrqontai apÏ thn kosmik†
aktinobol–a.
StÏqoc thc paro‘sac ergas–ac e–nai h melËth thc ionÏsfairac pànw apÏ ton elladikÏ
q∏ro. H prosËggish tou jËmatoc g–netai me th bo†jeia thc doruforik†c gewdais–ac mËsw
thc epexergas–ac parathr†sewn GPS.
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MËroc I

JewrhtikÏ UpÏbajro
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1 IonÏsfaira

Sto kefàlaio autÏ g–netai mia prospàjeia na proseggiste– oloklhrwmËna to jËma thc
ionÏsfairac. Arqikà, or–zetai h Ënnoia kai parajËtontai ta qarakthristikà stoiqe–a pou thn
perigràfoun kai sth sunËqeia melet∏ntai oi paràmetroi pou ephreàzoun thn puknÏthta kai
thn katanom† twn iÏntwn. TËloc, parousiàzontai oi suqnÏterec ionosfairikËc anwmal–ec
pou Ëqoun parathrhje–.

1.1 Genikà

IonÏsfaira e–nai to str∏ma thc g†inhc atmÏsfairac, pou qarakthr–zetai apÏ thn parous–a
shmantiko‘ pl†jouc ele‘jerwn hlektron–wn kai katiÏntwn, dhlad† jetikà fortismËnwn
atÏmwn † mor–wn. O ionismÏc, Ïpwc onomàzetai to fainÏmeno autÏ, pragmatopoie–tai Ïtan h
hliak†, kai kur–wc h uperi∏dhc, aktinobol–a pËsei me kàpoia Ëntash sta pol‘ mikrà swma-
t–dia (mÏria) pou br–skontai mËsa sthn atmÏsfaira, me apotËlesma na allàzei h hlektrik†
touc katàstash, apokt∏ntac † qànontac hlektrÏnia. 'Etsi, dhmiourge–tai Ëna ep–pedo me
uyhl† sugkËntrwsh hlektron–wn, epeid† h aporrÏfhsh thc aktinobol–ac auxànetai, Ïso
auxànetai to pl†joc twn oudËterwn mor–wn thc atmÏsfairac, Ïso, dhlad†, mei∏netai to
uyÏmetro. Praktikà, loipÏn, h ionÏsfaira e–nai orizÏntia strwmatopoihmËnh me tàsh na
arai∏nei, Ïso aneba–noume se megal‘tera uyÏmetra. O rÏloc thc ionÏsfairac sth diàdosh
twn radiokumàtwn e–nai apÏluta kajoristikÏc, kaj∏c h ‘parx† thc kai mÏno epitrËpei th
metàdosh shmàtwn se pol‘ makrinËc apostàseic sqedÏn akaria–a.
PrÏkeitai gia Ëna str∏ma pou xekinà apÏ ta 60�90 km pànw apÏ th M.S.J. (MËsh Stàjmh
thc Jàlassac), en∏ mpore– na jewrhje– Ïti ftànei wc kai ta 1500 km pànw apÏ th gh.

«Me l–gh uperbol† mpore– kane–c na uposthr–xei Ïti h ionÏsfaira apl∏netai
anàmesa sthn oudËterou fort–ou g†inh atmÏsfaira kai thn apol‘twc

ionismËnh atmÏsfaira tou hl–ou.» [2, sel. 41]

ParÏlo pou h ionÏsfaira apotele– mÏlic to 0.1% thc màzac thc g†inhc atmÏsfairac, o
rÏloc thc gia th gh kai th zw† e–nai idia–tera shmantikÏc.
H puknÏthta thc ionÏsfairac se ele‘jera hlektrÏnia exartàtai apÏ poik–louc paràgontec,
Ïpwc h gewgrafik† jËsh, h apÏstash apÏ th gh, o qrÏnoc † h epoq† kai oi hliakËc kai
gewmagnhtikËc diakumànseic. Màlista sunant∏ntai diaforËc m–ac † akÏma kai d‘o tàxewn
megËjouc. 'Etsi, e‘loga or–zontai treic epimËrouc perioqËc gia thn kal‘terh parat†rhsh
kai anàlush twn ionosfairik∏n fainomËnwn.

1.1.1 Perioq† D

E–nai h kontinÏterh sthn epifàneia thc Ghc perioq†, se apÏstash 60–90 km kai Ëqei pàqoc
mÏlic 15 � 20 km. Apotele–tai apÏ to ep–pedo D kai to ep–pedo C. Sto D ta ele‘jera
hlektrÏnia paràgontai wc ep– to ple–ston apÏ sklhrËc akt–nec Q me m†koc k‘matoc � =

100 � 10 pm, en∏ sto ep–pedo C dhmiourgo‘ntai apÏ thn prÏskroush twn mor–wn kur–wc
me thn kosmik† aktinobol–a tou s‘mpantoc. H morf† thc perioq†c D den e–nai apol‘twc
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Sq†ma 1: H diàdosh twn shmàtwn mËsw thc ionÏsfairac thn
hmËra kai th n‘qta

Wave propagation via ionosphere during the day and night

gnwst†. To str∏ma autÏ parousiàzei thn paràdoxh sumperiforà na emfan–zetai thn hmËra
kai na exafan–zetai th n‘qta, gegonÏc pou sqet–zetai me thn ekpomp† enËrgeiac tou 'Hliou.
Leitourge– san kumatodhgÏc gia k‘mata pol‘ qamhl∏n suqnot†twn, pou br–skontai sthn
perioq† twn 136 kHz, en∏ ant–jeta exasjene– ta k‘mata megal‘terwn suqnot†twn. Qara-
kthristikÏ e–nai Ïti ta s†mata me m†koc k‘matoc g‘rw sta 160m protimàtai na ekpËmpontai
tic nuqterinËc ∏rec, Ïtan dhlad†, h perioq† D exale–fetai. AutÏ g–netai e‘kola kai epo-
ptikà antilhptÏ sta sq†mata 1 kai 2, Ïpou diafa–netai h diastrwmàtwsh thc ionÏsfairac
katà th diàrkeia thc hmËrac kai thc n‘qtac kai to p∏c ta radiok‘mata anakl∏ntai stic d‘o
autËc fàseic tou eikositetra∏rou.

1.1.2 Perioq† E

E–nai gnwst† kai san Kennely Heaviside perioq†. Xekinà sta 100 � 150 km pànw apÏ
th M.S.J. kai Ëqei pàqoc metablhtÏ. E–nai mia pol‘ ionismËnh perioq†. H periektikÏth-
ta tou str∏matoc se iÏnta ofe–letai kur–wc stic malakËc akt–nec Q, me m†koc k‘matoc
10 nm - 10 pm. H puknÏthta sthn perioq† megistopoi-e–tai katà tic meshmbrinËc ∏rec, en∏
fj–nei shmantikà to bràdu. Ep–shc, h puknÏthta se iÏnta sthn perioq† aut† ephreàzetai
shmantikà apÏ ton k‘klo twn hliak∏n khl–dwn.
'Opwc fa–netai kai sto sq†ma 1, to str∏ma autÏ thc atmÏsfairac bohjà shmantikà sth
diàdosh twn megàlou m†kouc radiokumàtwn, kaj∏c diakÏptei kai anaklà p–sw proc th gh
s†mata pou prosp–ptoun se aut†. Ousiastikà leitourge– san Ënac hlektrikÏc kajrËfthc
makr∏n kumàtwn, me m†koc k‘matoc g‘rw sta 160m, ∏ste autà na diad–dontai se megàlec
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Sq†ma 2: Anametàdosh AM radiokumàtwn katà th diàrkeia thc
hmËra kai thc n‘qtac

Retransmission of AM waves during the day and night

apostàseic.
MËsa † kontà sthn perioq† E † akÏma kai kontà sto F1 str∏ma emfan–zetai Ëna «s‘nnefo»
me pol‘ diaforetik† puknÏthta hlektron–wn apÏ thn sunhjismËnh sthn E. To «s‘nnefo»
autÏ e–nai gnwstÏ me th onomas–a E SporadikÏ. To str∏ma autÏ den Ëqei sugkekrimËno
‘yoc, pàqoc kai mËsh puknÏthta se hlektrÏnia kai epitrËpei th diàdosh twn shmàtwn me
m†koc k‘matoc apÏ 160� 80m.
TËloc, upàrqei kai h perioq† E2, me stajerÏ ‘yoc sta 130 � 150 km kai parÏmoiec pe-
riektikÏthtec se iÏnta me to E. Kai autÏ to str∏ma emfan–zetai sporadikà pànw apÏ thn
E.

1.1.3 Perioq† F

Alli∏c onomazÏmenh wc APLETON perioq†, xekinà sta 200�450 km pànw apÏ th M.S.J.
Sthn perioq† aut† sta mÏria thc atmÏsfairac prosp–ptoun akra–ec gia ta g†ina dedomËna
posÏthtec uperi∏douc aktinobol–ac, me apotË-lesma na e–nai h perioq† me thn megal‘terh
puknÏthta hlektron–wn.
KajÏti e–nai to str∏ma pou br–sketai pio kontà ston 'Hlio, e–nai idia–tera eua–sjhto stic
allagËc thc Ëntashc thc hliak†c aktinobol–ac. Kat’ epËktash, to qeim∏na to str∏ma autÏ
e–nai enia–o, en∏ to kaloka–ri, pou h Ëntash thc hliak†c enËrgeiac e–nai saf∏c megal‘terh,
to str∏ma qwr–zetai stic perioqËc F1 kai F2. Genikà kai anexart†twc epoq†c, h periekti-
kÏthta tou str∏matoc se iÏnta e–nai shmantikà megal‘terh thn hmËra apÏ Ïti th n‘qta.
Sthn F perioq† thc ionÏsfairac ston IshmerinÏ parathro‘ntai suqnà kai kur–wc tic bra-
dinËc ∏rec fainÏmena astajo‘c plàsmatoc, gnwstà me to arktikÏlexo ESF (Equatorial
Spread F).
Gia ta str∏mata F1 kai F2 shmei∏netai endeiktikà Ïti to men F1 xekinà apÏ to ‘yoc twn
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Sq†ma 3: H diàdosh twn shmàtwn mËsw thc ionÏsfairac
Wave propagation via the ionosphere

230 km kai Ëqei pàqoc 30�80 km, to de F2 xekinà sta 350-450 km kai kal‘ptei 100�300 km
thc atmÏsfairac. Sto F2, màlista, parathro‘ntai kai oi megal‘terec sugkentr∏seic hle-
ktron–wn.
Sth perioq† aut† anakl∏ntai ta braqËa k‘mata (Sq†ma 3), me m†koc k‘matoc sthn perioq†
twn 80�1000m, kaj∏c to str∏ma leitourge– san hlektrikÏc kajrËfthc gegonÏc pou d–nei
th dunatÏthta gia diàdosh twn shmàtwn aut∏n se megàlec apostàseic.

1.2 Paràgontec epirro†c thc ionÏsfairac

Ta ‘yh twn strwmàtwn kai h katanom† twn iÏntwn e–nai metablhtà kai exart∏ntai apÏ
thn ∏ra thc hmËrac, thn epoq† tou Ëtouc kai thn Ëntash thc hliak†c drasthriÏthtac, to
gewgrafikÏ plàtoc kai ton hliakÏ k‘klo. Pio sugkekrimËna kàje m–a apÏ thc parapànw
paramËtrouc epidrà sthn ionÏsfaira wc ex†c:

1.2.1 'Wra

San genikÏc kanÏnac gia thn paràmetro aut† mpore– kane–c na pei Ïti h puknÏthta se iÏnta
e–nai idia–tera auxhmËnh katà thc meshmbrinËc ∏rec, en∏ exasjene– tic nuqterinËc.

1.2.2 Epoq† kai Ëntash thc hliak†c aktinobol–ac

'Eqei diapistwje– Ïti h puknÏthta se hlektrikà fortismËna swmat–dia pa–rnei th mËgisth
tim† thc katà touc kalokairino‘c m†nec, Ïpou h hliak† aktinobol–a e–nai auxhmËnh se sqËsh
me touc qeimerino‘c.
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1.2.3 GewgrafikÏ plàtoc

Ta uyhlÏtera ep–peda hlektron–wn shmei∏nontai ston ishmerinÏ nwr–c to apÏgeuma. 'Allec
perioqËc stic opo–ec parathro‘ntai uyhlËc sugkentr∏seic nwr–c to bràdu e–nai autËc me
gewgrafikÏ plàtoc ±20

�. H ionÏsfaira sta mesa–a gewgrafikà plàth den parousiàzei
idia–terec diakumànseic. Shmei∏netai, de, Ïti h ionÏsfaira se autà ta plàth Ëqei melethje–
idiaitËrwc kalà, kaj∏c eke– br–skontai oi perissÏteroi stajmo– parakolo‘jhshc. Stouc
PÏlouc, kaj∏c h atmÏsfaira e–nai mikrÏterh, h hliak† aktinobol–a epidrà parapànw sta
kat∏tera str∏mata kai eke– emfan–zontai pio Ëntona ionosfairikà fainÏmena.
ParÏti jewrhtikà h puknÏthta twn hlektron–wn auxànetai Ïso mei∏netai to gewgrafikÏ
plàtoc, oi metabolËc stic sugkentr∏seic hlektron–wn Ïso plhs–azoume proc touc pÏlouc
e–nai axioshme–wta megal‘terec ex’ait–ac twn megàlwn sugkentr∏sewn se astajËc plàsma.

1.2.4 Hliak† drasthriÏthta

E–nai gnwstÏ Ïti h ionosfairik† drasthriÏthta ephreàzetai àmesa apÏ thn hliak†. Se Ïlec
tic ionosfairikËc perioqËc, h puknÏthta twn iÏntwn metabàlletai anàloga me ton k‘klo
twn hliak∏n khl–dwn. Katà th metàbash apÏ to elàqisto sto mËgisto, mËsa se diàsthma
Ëndeka qrÏnwn, ekl‘ontai megàla posà uperi∏douc aktinobol–ac, lÏgw thc megàlhc hliak†c
drasthriÏthtac. H puknÏthta se iÏnta mpore– an auxhje– apÏ 1.4 wc 3 forËc apÏ to
elàqisto sto mËgisto k‘klo twn hliak∏n khl–dwn.

1.3 IonosfairikËc anwmal–ec

H parat†rhsh kai anàlush thc ionÏsfairac epibebai∏nei thn ‘parxh miac seiràc anwmali∏n
kai diataraq∏n, oi opo–ec dusqera–noun katà pol‘ th montelopo–hsh thc sumperiforàc
thc ionÏsfairac. Oi anwmal–ec autËc taxino-mo‘ntai stic ionosfairikËc j‘ellec, tic TIDs
(Travelling Ionosphere Distributions) kai tic diataraqËc mikr†c kl–makac.

1.3.1 IonosfairikËc j‘ellec

Prokalo‘ntai apÏ Ëklush megàlwn posot†twn hliak†c aktinobol–ac ki Ëtsi sun†jwc su-
node‘ontai apÏ magnhtikËc kataig–dec kai hliakËc ekr†xeic. Teràstiec posÏthtec iÏntwn
kai hliak†c enËrgeiac Ërqontai proc th gh kai ephreàzoun thn ionÏsfaira epifËrontac gi-
gantia–a a‘xhsh tou pl†jouc twn ele‘jerwn hlektron–wn. Stouc pÏlouc to fainÏmeno
e–nai pio suqnÏ kai Ëntono. Dhmiourgo‘n suqnà àmesec sunËpeiec sta str∏mata thc ma-
gnhtÏsfairac kai thc ionÏsfairac kai genikà sto pÏso dieisd‘ei o hliakÏc ànemoc sthn
g†inh atmÏsfaira. Proc to parÏn den mporo‘n na problefjo‘n me akr–beia.

1.3.2 TIDs

Oi ionosfairikËc anwmal–ec pou metakino‘ntai sto str∏ma tic ionÏsfairac, † TIDs, Ïpwc
anafËrontai sth diejn† bibliograf–a, epifËroun shmantikËc dia-kumànseic sthn puknÏthta
twn hlektron–wn thc ionÏsfairac. Parathro‘ntai kur–wc sta mesa–a gewgrafikà plàth,
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allà e–nai sqedÏn s–gouro Ïti e–nai pagkÏsmio fainÏmeno. Diakr–nontai se treic epimËrouc
kathgor–ec:

• Megàlhc kl–makac diataraqËc me per–odo apÏ 30 min wc kai 3 h kai orizÏntio m†koc
k‘matoc ànw twn 1000 km.

• Mesa–ac kl–makac diataraqËc me per–odo apÏ 10 min wc kai 1 h kai orizÏntio m†koc
k‘matoc merikËc ekatontàdec qiliomËtrwn.

• Mikr†c kl–makac diataraqËc me per–odo merik∏n lept∏n kai orizÏntio m†koc k‘matoc
merik∏n dekàdwn qiliomËtrwn.

1.3.3 DiataraqËc mikr†c kl–makac

Oi diataraqËc autËc Ëqoun pol‘ mikr† diàrkeia kai sun†jwc prokalo‘n kai spinjhrismo‘c.
TËtoiec diataraqËc e–nai oi gnwstËc se Ïlouc mac astrapËc.

1.4 IGS

To Genàrh tou 1994 dhmiourg†jhke apÏ thn IAG (International Association of Geodesy)
h diejn†c uphres–a gia to GPS, IGS (International GPS Service). SkopÏc thc uphres–ac
aut†c mËqri kai s†mera e–nai h pro∏jhsh enia–wn diejn∏n prot‘pwn anaforikà me thn a-
nàlush, thn epexergas–a kai thn akr–beia twn dedomËnwn GPS. Sto pla–sio auto‘ h –dia h
IGS Ëqei anapt‘xei Ëna mhdenik†c tàxhc d–ktuo, to opo–o diaqeir–zetai kai enhmer∏nei sune-
q∏c. Apotele–tai apÏ perissÏterouc apo 300 mÏnimouc stajmo‘c GPS parakolo‘-jhshc
dianemhmËnouc se olÏklhrh th g†inh epifàneia (Sq†ma 4). Axioshme–wto e–nai Ïti sthn
Eur∏ph to d–ktuo thc IGS e–nai idiaitËrwc puknwmËno (Sq†ma 5), gegonÏc pou exasfal–zei
ikanopoihtik† akr–beia stic topografi-kËc ergas–ec pou qrhsimopoio‘n touc stajmo‘c thc.
H IGS e–nai mia ejelontik† uphres–a, h opo–a se sunergas–a me pagkÏsmiouc organismo‘c
kai panepist†mia, parËqei mia oloklhrwmËnh bàsh dedomËnwn me tic ex†c plhrofor–ec:

• Efhmer–dec Ïlwn twn en energe–a GPS kai GLONASS dorufÏrwn. H troqià twn
dorufÏrwn diat–jetai e–te me uyhl† akr–beia, e–te me mikrÏterh, pou e–nai Ïmwc pio
àmesa diajËsimh stouc endiaferÏmenouc, se morf† .sp3. ParËqontai, akÏmh, arqe–a
me thn prÏgnwsh thc troqiàc mËqri ki d‘o mËrec prin o dorufÏroc dian‘sei aut†
thn pore–a. Oi troqiËc e–nai sto s‘sthma anaforàc ITRS (International Terrestrial
Reference System) sthn probol† IGS08.

• ParamËtrouc gia thn peristrof† thc ghc se arqe–a ERPs (Earth Rotation Para-
meters), Ïpwc h x kai h y sunist∏sa thc talàntwshc twn pÏlwn kai to m†koc thc
hmËrac LOD (Length of Day).

• SuntetagmËnec kai taq‘thtec k–nhshc twn mÏnimwn stajm∏n thc IGS se arqe–a SI-
NEX (Solution INdependent EXchange).

• AkatËrgasta dedomËna twn stajm∏n tou dikt‘ou parakolo‘jhshc thc IGS, se morf†
RINEX (Receiver INdependent EXchange).

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 26 DekËmbrioc 2013

Sq†ma 4: To pagkÏsmio d–ktuo parakolo‘jhshc dorufÏrwn thc
IGS

The worldwide GNSS tracking network of IGS

Sq†ma 5: To eurwpakÏ d–ktuo parakolo‘jhshc dorufÏrwn thc
IGS

The european GPS tracking network of IGS
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• Plhrofor–ec kai diorj∏seic gia ta rolÏgia twn stajm∏n kai twn dorufÏrwn se
morf† .clk

• IonosfairikËc kajuster†seic se morf† .ion

• Kajuster†seic thc tropÏsfairac se morf† .trp

Ta proÏnta autà anafËrontai sto s‘sthma anaforàc ITRS kai diat–jentai sto diad–ktuo
gia Ïlouc.

1.4.1 IGS kai ionÏsfaira

To Febrouàrio tou 1998, sto sunËdrio thc IGS sto Darmstadt thc German–ac, apofa-
s–sthke h parakolo‘jhsh thc ionÏsfairac prokeimËnou na prosdioriste– h ep–drash pou
Ëqoun oi metabolËc thc sta IGS proÏnta. 'Etsi, apofas–sthke na paràgoun sto ex†c d‘o
ionosfairikà proÏnta:

• D–wrouc pagkÏsmiouc qàrtec ionÏsfairac (GIMs – Global Ionosphere Maps) se
morf† disdiàstatou kànnabou

• Hmer†sia arqe–a me tic diaforikËc tàseic tou k∏dika (DCBs – Differential Code
Biases)

Gia to skopÏ autÏ, ton Màio tou 1998 jesp–sthke mia omàda enasqÏlhshc me jËmata pou
aforo‘n sthn ionÏsfaira. Ap∏teroc stÏqoc aut†c thc omàdac e–nai, Ïpwc e–qan pei tÏte oi
Schaer kai Feltens, h anàptuxh enÏc pagkÏsmiou ionosfairiko‘ montËlou, pou na kajistà
efikt† thn prÏbleyh thc sumperiforàc thc ionÏsfairac me akr–beia.

1.5 EUREF

To 1987 sto Vancouver thc bretanik†c Kolomb–ac idr‘jhke h paneurwpak† epitrop† thc
IAG, EUREF. SkopÏc thc epitrop†c aut†c e–nai o orismÏc, h ulopo–hsh kai h sunt†rhsh
twn eurwpak∏n susthmàtwn anaforàc, h pro∏-jhsh tou eurwpako‘ orizontiografiko‘
sust†matoc anaforàc ETRS89 (European Terrestrial Reference System), kaj∏c kai tou
ant–stoiqou uyometriko‘ EVRS (European Vertical Reference System), prokeimËnou na
upàrxei sundesimÏthta metax‘ twn eurwpak∏n qwr∏n.
Paràllhla, to EUREF e–nai upe‘juno gia thn anàptuxh kai th sunt†rhsh enÏc dikt‘ou
mÏnimwn GNSS (Global Navigation Satellite System) stajm∏n, to opo–o sthn diejn† bi-
bliograf–a sunantàtai me to arktikÏlexo EPN (EUREF Permanent Network). H jËsh
twn stajm∏n tou dikt‘ou d–netai apÏ hmer†siec kai apÏ ebdomadia–ec metr†seic me akr–beia
0.5� 1.5 cm kai apÏ wria–ec metr†seic me akr–beia 5� 10 cm sto ETRS89 kai sto ITRS.
EpipleÏn, diat–jontai oi taq‘thtec twn stajm∏n kai sta d‘o sust†mata anaforàc. MËqri
s†mera o EUREF se sunergas–a me pl†joc eurwpak∏n panepisthm–wn Ëqei idr‘sei peris-
sÏterouc apÏ 300 mÏnimouc GNSS stajmo‘c, dhmiourg∏ntac Ëna puknÏ d–ktuo (Sq†ma 6),
idiaitËrwc qr†simo se topografikËc kai àllec ergas–ec.
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Sq†ma 6: To d–ktuo mÏnimwn stajm∏n parakolo‘jhshc
dorufÏrwn tou EUREF

EUREF permanent GNSS network
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Sq†ma 7: To d–ktuo stajm∏n anaforàc NOANET
NOANET GNSS network

1.6 NOA

To NOA (National Observatory of Athens) e–nai to pr∏to ereunhtikÏ kËntro Ïqi mÏno
thc neÏterhc Ellàdac, allà kai olÏklhrhc thc perioq†c twn Balkan–wn, kaj∏c leitourge–
apÏ to 1842. Se autÏ upàgontai to GewdunamikÏ Instito‘to, to Instito‘to Astronom–ac
kai Astrofusik†c, to Instito‘to Ereun∏n Peribàllontoc kai Bi∏simhc Anàptuxhc, to
Instito‘to Diasthmik∏n Efarmog∏n kai ThlepiskÏphshc kai to Instito‘to Astroswma-
tidiak†c Fusik†c «NESTWR». To kËntro parËqei uphres–ec, Ïpwc prÏgnwsh kai delt–o
kairo‘, anakoin∏seic seism∏n, suneq∏c epikairopoihmËnouc qàrtec me tic sunj†kec sthn
ionÏsfaira kai stoiqe–a gia thn klimatik† allag†. Sto pla–sio twn armodiot†twn tou Ge-
wdunamiko‘ Instito‘tou e–nai h –drush, h leitourg–a kai h sunt†rhsh enÏc dikt‘ou mÏnimwn
GNSS stajm∏n anaforàc GPS kai GLONASS. To d–ktuo, pou e–nai gnwstÏ diejn∏c wc
NOANET (NOA NETwork) arijme– s†mera dekaokt∏ mÏnimouc stajmo‘c kai mËsa stouc
stÏqouc tou Instito‘tou e–nai kai h katà to dunatÏ megal‘terh p‘knwsh tou dikt‘ou,
pràgma pou to apaite– kai to megàlo tektonikÏ kai gewmorfologikÏ endiafËron tou ella-
diko‘ q∏rou. Ta dedomËna tou dikt‘ou, pou perilambànoun eikositetràwrec parathr†seic
apÏ Ïlouc touc energo‘c stajmo‘c, br–skontai diajËsima proc qr†sh kai epexergas–a sto
diad–ktuo. Sto sq†ma 7 parousiàzontai oi mÏnimoi stajmo– tou NOANET, stajmo– pou
leitourgo‘n se sunergas–a me to EUREF, kaj∏c kai stajmo– proswrinà egkatesthmËnoi
apÏ ton NOA Sto pla–sio diafÏrwn kampani∏n, Ïpwc auto– e–nai qwrojethmËnoi ston el-
ladikÏ q∏ro. TËloc, ston P–naka 1.1 d–nontai qr†simec plhrofor–ec gia touc dekaokt∏
mÏnimouc stajmo‘c.
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No
KwdikÏ GewgrafikÏ Gewm.

Hm/nia SqÏlia
Parathr†seic anà Pragm.

Topojes–a Lijolog–a
T‘poc

Ïnoma plàtoc m†koc ‘yoc HmËra 'Wra qrÏnoc Kera–ac DËkth

1 VLSM 38,176827 20,588644 437 14-02-2006 DSL 3 3 3 Orof† AsbestÏlijoc AX1202GG LEICA GRX1200PRO

2 NOA1 38,047064 23,864033 537 13-03-2006 DSL 3 3 3 Orof† Màrmaro AT504LEIS LEICA GRX1200PRO

3 RLSO 38,055835 21,464742 132 29-07-2006 DSL 3 3 3 Orof† AmmÏlijoc AX1202GG LEICA GRX1200PRO

4 PONT 38,618981 20,585184 48 15-02-2007 DSL 3 3 3 Orof† AsbestÏlijoc AX1202GG LEICA GRX1200PRO

5 KASI 39,746368 19,935543 103 01-04-2007 DSL 3 3 3 Orof† AsbestÏlijoc AX1202GG LEICA GRX1200PRO

6 SPAN 38,781305 20,673644 447 22-05-2007 DSL 3 3 3 Orof† SqistÏlijoc AX1202GG LEICA GRX1200PRO

7 LEMN 39,897229 25,180570 104 16-06-2007 DSL 3 3 3 Orof† Andes–thc AX1202GG LEICA GRX1200PRO

8 PRKV 39,245702 26,265012 169 30-06-2007 DSL 3 3 3 Orof† Andes–thc AX1202GG LEICA GRX1200PRO

9 NVRK 41,336878 23,869774 579 12-07-2007 DSL 3 3 3 EktejhmËno AmmÏlijoc AX1202GG LEICA GRX1200PRO

10 KLOK 39,564744 22,014384 137 17-07-2008 DSL 3 3 3 Orof† Màrmaro AT504LEIS LEICA GRX1200PRO

11 ATAL 38,653058 22,999354 135 27-03-2009 DSL 3 3 3 EktejhmËno Il‘c NOV533 ASHTECH UZ-12

12 KIPO 38,203186 20,348351 128 31-08-2010 DSL 3 3 3 Orof† AsbestÏlijoc 1203+GNSS GMX902 GG

13 PYLO 36,914174 21,695307 39 24-08-2011 DSL 3 3 3 Orof† AsbestÏlijoc AS10 LEICA GR10

14 NEAB 36,509219 23,060301 39 27-06-2012 DSL 3 3 3 Orof† AmmÏlijoc AR10 LEICA GRX1200PRO

15 KPRS 35,547099 27,161068 554 14-08-2012 DSL 3 3 3 Orof† AmmÏlijoc AR10 LEICA GR10

16 SANT 36,433594 25,422605 392 17-08-2012 DSL 3 3 3 Orof† Hfaist/genËc AR10 LEICA GR10

17 KATC 35,951480 27,780775 75 31-08-2012 GSM/3G 3 3 3 EktejhmËno Q∏ma ZEPHYR TRM TRIMPLE NetRS

P–nakac 1.1: Plhrofor–ec gia touc mÏnimouc stajmo‘c tou NOA
Information about the permanent GPS stations of NOA
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2 Arqe–a IONEX

To kefàlaio autÏ aforà se mia pol‘ shmantik† katàkthsh gia th melËth thc ionÏsfairac,
ta arqe–a IONEX (IONosphere EXchange). SugkekrimËna, anafËretai pwc paràgontai kai
poia e–nai h qrhsimÏthta aut∏n twn arqe–wn, ti plhrofor–ec parËqoun kai pwc sumbàlloun
sth melËth kai thn katanÏhsh thc ionÏsfairac kai twn fainomËnwn pou parathro‘ntai s’
aut†.

2.1 Genikà

To 1996, se sunËdrio thc IGS, pou pragmatopoi†jhke sto Silver Spring twn HnwmËnwn Po-
litei∏n, àrqise mia prospàjeia gia th dhmiourg–a enÏc koino‘ gia Ïlouc trÏpou apoj†keu-
shc dedomËnwn qart∏n TEC (Total Electron Content). Gia to skopÏ autÏ melet†jhkan
kai sugkr–jhkan mia seirà qart∏n TEC thc perioq†c thc Eur∏phc. San apotËlesma thc
TEC aut†c s‘gkrishc dhmiourg†jhke, apÏ touc Schaer et al. [1998a] kai uiojet†jhke apÏ
thn koinÏthta thc IGS, mia morf† arqe–ou gia thn metatrop† qart∏n TEC [2, sel. 18]. Ta
arqe–a autà onomàsthkan IONEX. Ta arqe–a IONEX d–noun th dunatÏthta apoj†keushc
thc eikÏnac thc ionÏsfairac se Ëna disdiàstato † akÏma kai trisdiàstato pagkÏsmio kàna-
bo. EpiplËon, periËqoun kai àllec bohjhtikËc plhrofor–ec se sqËsh me thn ionÏsfaira,
oi opo–ec parajËtontai analutikà sto edàfio 2.3.
Ta arqe–a IONEX an†koun sth genikÏterh kathgor–a twn External File Formats, arqe–a
pou paràgei to Bernese gia metatrop†, diaqe–rish kai s‘gkrish dedomËnwn kai l‘sewn. Ac
shmeiwje– ed∏ Ïti en∏ ta arqe–a IONEX paràgontai apÏ to programmatistikÏ peribàllon
tou Bernese, wstÏso den mporo‘n na diabasto‘n apÏ autÏ. H Ëkdosh tou format pou
qrhsimopoie–tai sthn paro‘sa ergas–a, parousiàsthke gia pr∏th forà to 1998 sto IGS
grafe–o tou Darmstadt thc German–ac. Ousiastikà, ta arqe–a autà periËqoun qàrtec TEC
ekfrasmËnouc se gewmetrikÏ kànabo.

2.2 Paragwg† arqe–wn IONEX

Ta arqe–a IONEX e–nai arqe–a ASCII pou dhmiourgo‘ntai apÏ ta progràmmata GPSEST
kai ADDNEQ2, me paràllhlh axiopo–hsh tou arqe–ou ION. Ta d‘o progràmmata autà a-
potelo‘n s†mera d‘o apÏ ta shmantikÏtera progràmmata tou logismiko‘ pakËtou Bernese.
To GPSEST e–nai to k‘rio prÏgramma tou Bernese gia ekt–mhsh paramËtrwn kai susth-
matik∏n sfalmàtwn sthn ep–lush enÏc gewdaitiko‘ dikt‘ou, en∏ to ADDNEQ2 parËqei
thn dunatÏthta gia ikanopoihtik† epexergas–a kanonik∏n exis∏sewn. Ta ION e–nai arqe–a
ionosfairik∏n paramËtrwn kai montelopo–hshc thc ionÏsfairac gia thn ekàstote qronik†
per–odo se format tou Bernese kai paràgontai kai autà apÏ to GPSEST.

2.3 H dom† twn arqe–wn IONEX

'Ena arqe–o IONEX apotele–tai apÏ d‘o mËrh, thn epikefal–da (header section) kai to
kommàti twn dedomËnwn (data section). To format twn IONEQ sunàdei me to format twn
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arqe–wn RINEX. To pr∏to kommàti Ëqei stajer† morf† kai periËqei Ëna s‘nolo sumplhrw-
matik∏n twn kur–wc dedomËnwn. SugkekrimËna, sto kommàti autÏ tou arqe–ou anagràfontai
plhrofor–ec, Ïpwc:

• o t–tloc tou arqe–ou

• h Ëkdosh tou format tou arqe–ou

• o forËac pou par†gage to arqe–o

• h hmeromhn–a paragwg†c tou

• sqÏlia kai perigraf†

• h sunàrthsh apeikÏnishc (mapping function) pou qrhsimopoie–tai

• plhrofor–ec sqetikà me to pl†joc twn dorufÏrwn kai twn stajm∏n pou qrhsimo-
poi†jhkan gia tic parathr†seic

• h akrib†c hmeromhn–a tou pr∏tou kai tou teleuta–ou qàrth TEC

• to diàsthma pou mesolabe– metax‘ twn diadoqik∏n qart∏n TEC se deuterÏlepta

• h elàqisth gwn–a an‘ywshc se mo–rec

• h mËsh akt–na thc ghc se qiliÏmetra

• oi diastàseic twn qart∏n TEC

• h isodiàstash kai to e‘roc twn gewmetrik∏n uyomËtrwn (HGI1 – HGI2 – DHGT),
twn gewgrafik∏n plàtwn (Lat1 – Lat2 – Dlat) kai twn gewgrafik∏n mhk∏n (Lon1
– Lon2 – Dlon) twn shme–wn pou apeikon–zontai stouc qàrtec

• o ekjËthc twn tim∏n pou parajËtontai sto kur–wc kommàti tou arqe–ou

Ac shmeiwje– Ïti gia disdiàstatouc qàrtec h elàqisth kai h mËgisth tim† tou gewmetriko‘
uyomËtrou e–nai –diec (HG1 = HG2) kai Ïti h prokajorismËnh tim† tou ekjËth twn tim∏n
tou mËrouc me ta dedomËna e–nai to -1. ProkeimËnou na elaqistopoihjo‘n ta làjh twn
paragÏmenwn tim∏n thc ionÏsfairac kr–netai apara–thth h ‘parxh plhrofori∏n sqetikà
me ta sfàlmata mh sugqronismo‘ tou k∏dika metrhmËnou sthn L1 kai sthn L2 fËrousec
suqnÏthtec. Kai oi plhrofor–ec autËc sto arqe–o IONEX parajËtontai sto kommàti thc
epikefal–dac Ëqontac t–tlo Differential Code Biases. Sto mËroc autÏ tou arqe–ou, epi-
shma–nontai gia kàje dorufÏro pou summetËqei sthn ep–lush oi timËc twn yeudotuqa–wn
arijm∏n (PRN - Pseudo Random Number), to BIAS, dhlad† h tàsh twn fàsewn kai o
de–kthc RMS se nsec gia ta sfàlmata twn tàsewn tou diaforiko‘ k∏dika. To kur–wc
mËroc tou arqe–ou apotele–tai apÏ qàrtec me tic timËc twn iÏntwn sthn ionÏsfaira se Ïla
ta shme–a tou kanàbou. Oi qàrtec Ëqoun qronik† allhlouq–a, h opo–a Ëqei oriste– apÏ ton
paragwgÏ tou arqe–ou kai e–nai tÏsoi se pl†joc, Ïsoi kai to b†ma tou qrÏnou paragwg†c
gia to qronikÏ diàsthma pou aforà stic parathr†seic. EpiplËon, ta arqe–a IONEX e–nai
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Sq†ma 8: PagkÏsmioc TEC qàrthc
Worldwide TEC map

dunatÏn na periËqoun RMS (Root Mean Square) kai qàrtec HGT, oi opo–oi morf∏nontai
se kànabo, Ïpwc akrib∏c kai oi qàrtec TEC pou perigràfhkan parapànw. H paràmetroc
RMS apotele– statistikÏ de–kth gia tic timËc TEC. Oi qàrtec HGT paràgontai se tris-
diàstatouc qàrtec TEC kai aforo‘n sta gewmetrikà uyÏmetra twn shme–wn thc perioq†c
pou Ëqei oriste–.

2.4 Qàrthc TEC

Wc qàrthc TEC or–zetai h apeikÏnish twn tim∏n twn hlektron–wn thc ionÏsfairac se
Ëna ep–pedo gia peperasmËno arijmÏ shme–wn (Sq†ma 8). Sta arqe–a IONEX oi qàrtec
TEC d–nontai se gewgrafikÏ kànabo. Kàje qàrthc apotele–tai apÏ p–nakec pou periËqoun
to pl†joc twn hlektron–wn sto ekàstote shme–o. Kàje stoiqe–o tou p–naka antistoiqe–
se shme–o me stajerÏ gewgrafikÏ plàtoc, pou aforà ston p–naka sto s‘nolÏ tou, kai
gewmetrikÏ m†koc –so me to m†koc tou amËswc prohgo‘menou shme–ou prosauxhmËno Ïso
kai to b†ma (Dlon). Oi p–nakec e–nai tÏsoi, ∏ste na or–zetai h tim† thc paramËtrou gia Ïla
ta shme–a me gewgrafikÏ plàtoc apÏ to Lat1 wc Lat2 me to b†ma pou Ëqei oriste– (Dlat).
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2.4.1 TECU

AutÏ pou pragmatikà apotele– antiproswpeutikÏ de–kth gia thn katàstash sthn ionÏsfaira
e–nai h periektikÏthta tou aËra se hlektrÏnia N

e

se monàdec hlektron–wn anà kubikÏ
mËtro. WstÏso, gia th diàdosh tou ekàstote s†matoc sto str∏ma thc ionÏsfairac, h
periektikÏthta se hlektrÏnia gia th sugkekrimËnh diadrom† pou akolouje– to s†ma mpore–
na upologiste– oloklhr∏nontac thn posÏthta N

e

sthn diadrom† aut†TEC [2, sel. 48].
H posÏthta aut† e–nai gnwst† wc TEC kai Ëqei monàda mËtrhshc to TECU. 'Ena TECU
antistoiqe– se 1016 hlektrÏnia pou periËqontai se Ënan k‘lindro pou br–sketai sthn pore–a
tou s†matoc apÏ ton dorufÏro sto dËkth me embadÏn diatom†c Ëna tetragwnikÏ mËtro.
Akolouje– o majhmatikÏc orismÏc:

TEC =

Z
N

e

(⇢) d⇢ (1)

Ousiastikà, h posÏthta TEC me monàda mËtrhshc to TECU, anafËretai ston arijmÏ
twn hlektron–wn pollaplasiamËno ep– 1016 anà tetragwnikÏ mËtro (electrons · 1016/m2

).
Se orismËnec peript∏seic h posÏthta TEC anafËretai mÏno sthn katakÏrufh pore–a tou
k‘matoc ki Ëtsi upolog–zetai h katakÏrufh tim† TEC, TECV.

2.5 QrhsimÏthta ionosfairik∏n proÏntwn

PollËc e–nai oi efarmogËc pou qreiàzontai àmesh prÏsbash se gr†gora paragÏmenec kai
enhmerwmËnec ionosfairikËc plhrofor–ec. 'Ena apÏ ta megal‘tera pleonekt†mata twn qar-
t∏n TEC e–nai Ïti mporo‘n na paraqjo‘n àmesa, th stigm† pou g–nontai oi parathr†seic.
'Etsi, mporo‘n na sumbàlloun ston Ëlegqo thc poiÏthtac dedomËnwn th stigm† pou pa-
ràgontai kai na parËqoun akribËstatec ionosfairikËc diorj∏seic sta sust†mata plo†gh-
shc, Ïpou metà thn àrsh thc epilektik†c diajesimÏthtac (SA: Selective Availability), h
ionÏsfaira apotele– th shmantikÏterh phg† sfalmàtwn ston prosdiorismÏ thc jËshc.
EpiplËon, ta topikà ionosfairikà montËla exale–foun † toulàqiston elaqistopoio‘n tic io-
nosfairikËc epirroËc sthn ep–lush bàsewn GPS me metr†seic apÏ dËkth m–ac suqnÏthtac,
an br–skontai kontà se dËktec d‘o suqnot†twn, oi metr†seic twn opo–wn qrhsimopoio‘ntai
gia th dhmiourg–a tou montËlou thc perioq†c. 'Etsi, h akr–beia twn dekt∏n m–ac suqnÏth-
tac mpore– na beltiwje– jeamatikà me th qr†sh qart∏nTEC. PollËc akÏmh doruforikËc
efarmogËc, anàmesa touc kai h altimetr–a, mporo‘n na epwfelhjo‘n apÏ touc pagkÏsmiouc
qàrtec TEC.
EpiprÏsjeta, mporo‘n na qrhsimopoihjo‘n gia parakolo‘jhsh twn drasthriot†twn kai
twn kairik∏n fainomËnwn thc ionÏsfairac, Ïpwc oi ionosfairikËc anwmal–ec, pou anafËrjh-
kan sto edàfio 1.3. Genikà, oi qàrtecTEC apotelo‘n phg† plhrofori∏n gia thn ionÏsfaira
kai d–noun th dunatÏthta gia kal‘terec kai akribËsterec prosegg–seic thc katàstashc tou
str∏matoc, belti∏nontac dunamikà ta jewrhtikà montËla pou Ëqoun anaptuqje–.
Mia àllh pol‘ shmantik† qrhsimÏthta twn qart∏n TEC e–nai h dunatÏthta na parakolou-
jo‘ntai kai na katagràfontai oi epidràseic tic ionÏsfairac sth diàdosh twn radiokumàtwn,
sth leitourg–a twn dikt‘wn diàdoshc tou hlektrismo‘ kai twn dikt‘wn twn thlepikoinwni-
∏n.
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MËsa apÏ m–a makroqrÏnia diadikas–a katagraf†c kai parat†rhshc twn apotelesmàtwn
twn qart∏n TEC mpore– na dhmiourghje– Ëna qronologikÏ arqe–o me th sumperiforà thc
ionÏsfairac sumbàllontac me autÏ sth diamÏrfwsh miac pio oloklhrwmËnhc eikÏnac twn
allag∏n kai thc exËlixhc thc ghc.
TËloc, oi timËc twn ionosfairik∏n qart∏n qrhsimopoio‘ntai apÏ th NASA gia diorj∏seic
twn ionosfairik∏n kajuster†sewn se diàforec perioqËc tou plan†th gia thn paragwg†
dedomËnwn Plasmatik∏n Perioq∏n Anaforàc (Virtual Reference Site – VRS) tou Pag-
kÏsmiou Diaforiko‘ Sust†matoc GPS thc NASA (Global Differential GPS – GDGPS
System).

2.6 IonosfairikËc diorj∏seic kai logismikÏ pakËto Bernese

H apeikÏnish TEC pou prosegg–zei ikanopoihtikà thn pagkÏsmia katanom† twn hlektro-
n–wn sthn ionÏsfaira prosdior–zetai majhmatikà apÏ tic seirËc sfairik∏n armonik∏n, katà
ton Schaer [2]:

EV (�, s) =
n

maxX

n=0

nX

m=0

P
nm

(sin�)
⇣
C

nm

cos (ms) + S
nm

sin(ms)
⌘

(2)

Ïpou

�: to gewgrafikÏ † to epilegmËno gewmagnhtikÏ m†koc thc tom†c tou optiko‘ ped–ou me to ep–pedo
s = �� �

0

: to plàtoc tou ionosfairiko‘ shme–ou se sqËsh me ton †lio
�: to plàtoc tou shme–ou sthn ionÏsfaira
�
0

: to plàtoc tou 'Hliou
n
max

: o mËgistoc bajmÏc thc seiràc sfairik∏n armonik∏n
P

nm

= N
nm

· P
nm

: h kanonikopoihmËnh sunàrthsh Legendre bajmo‘ n kai tàxhc m
N

nm

: h sunàrthsh kanonikopo–hshc
P
nm

: h arqik†, mh kanonikopoihmËnh, sunàrthsh Legendre
C

nm

, S
nm

: oi àgnwstoi suntelestËc sfairik∏n armonik∏n kai paràmetroi pagkÏsmiou ionosfairi-
ko‘ qàrth, ant–stoiqa

Gia th paragwg† ionosfairiko‘ montËlou sto episthmonikÏ pakËto Bernese, oi timËc twn
hlektron–wn (TEC) anal‘ontai me qr†sh sfairik∏n armonik∏n bajmo‘ kai tàxhc n,m = 6.
Kaj∏c oi apeikÏnish anafËretai se sugkekrimËnh qronik† per–odo, oi paràmetroi TEC
prËpei na ektim∏ntai exarq†c gia kàje per–odo endiafËrontoc. O pagkÏsmioc arijmÏc twn
hlektron–wn sthn ionÏsfaira d–netai apÏ ton t‘po:

n
e

= 4 · ⇡ ·R0 · EV (3)

Ïpou

EV : h mËsh katakÏrufh tim† TEC gia thn pagkÏsmia katanom† TEC, h opo–a apodeikn‘etai Ïti
iso‘tai me to suntelest† sfairik∏n armonik∏n C

00

R0
= R+H: h akt–na tou ekàstote sfairiko‘ epipËdou
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Sth sqËsh h tim† n
e

Ëqei monàdec hlektron–a ⇤ 1016, to R0 d–netai se mËtra kai to EV se TECU.
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Sq†ma 9: Oi troqiËc twn dorufÏrwn, Ïpwc apeikon–zontai gia
dedomËno gewgrafikÏ plàtoc b

The satellite’s orbits, as they are illustrated by the b latitude

3 GPS

Sto kefàlaio g–netai m–a prosËggish thc filosof–ac tou GPS kai epishma–nontai kai
kàpoiec apÏ tic basikËc arqËc thc leitourg–ac tou. EpiplËon, parat–jentai kai anal‘ontai
ta sfàlmata pou upeisËrqontai stic metr†seic me GPS. TËloc, g–netai eidik† mne–a stic
topografikËc efarmogËc pou mporo‘n na g–noun me th qr†sh tou.

3.1 Genikà

NAVSTAR GPS (NAVigation Satellite Timing and Ranging Global Positioning System)
† aplà GPS e–nai Ëna pagkÏsmio s‘sthma plo†ghshc kai entopismo‘ jËshc, pou bas–zetai
se Ëna d–ktuo eikositessàrwn dorufÏrwn thc Ghc, touc opo–ouc parakoloujo‘n oi kata-
nemhmËnoi se Ïlon ton kÏsmo dËktec GPS. Oi dorufÏroi ekpËmpoun eidikà kwdikopoihmËna
s†mata, d–nontac th dunatÏthta stouc dËktec na parËqoun me megàlh akr–beia plhrofor–ec
gia th jËsh, to uyÏmetro, thn taq‘thta kai thn kate‘junsh k–nhshc enÏc shme–ou [3].
O qeirismÏc kai h leitourg–a tou sust†matoc g–netai apÏ th Bàsh thc Polemik†c Ae-
ropor–ac twn HnwmËnwn Politei∏n sto Schriever kai qrhsimopoie–tai gia politiko‘c kai
gia stratiwtiko‘c skopo‘c. To d–ktuo e–nai Ëtsi domhmËno, ∏ste kàje stigm† apÏ kàje
shme–o pànw sth f.g.e. na e–nai orato– toulàqiston tËsseric dorufÏroi. H troqià twn
dorufÏrwn e–nai elleiptik† (Sq†ma 9) me to megal‘tero hmiàxona na e–nai 26 600 km, to
opo–o antistoiqe– sto uyÏmetro twn 20 200 km pànw apÏ th f.g.e. Oi dorufÏroi akolou-
jo‘n Ëxi diaforetikËc troqiËc kai kino‘ntai me taq‘thta 2.6 km s�1, diagràfontac mËsa se
Ëna eikositetràwro d‘o pl†reic peristrofËc g‘rw apÏ th Gh.
PrÏkeitai gia m–a mËjodo pou xek–nhse na qrhsimopoie–tai to 1960. AnËkajen, ta sugkritikà
pleonekt†mata thc qr†shc dorufÏrwn gia ep–geiec efarmogËc se sqËsh me tic ep–geiec me-
jÏdouc †tan pol‘ shmantikà. Basikà pleonekt†mata, Ïpwc h mh anagkaiÏthta gia amoiba–a
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optik† epaf† d‘o shme–wn gia na pragmatopoihjo‘n metr†seic se autà, o prosdiorismÏc
thc jËshc àmesa se trisdiàstatec suntetagmËnec kai h anexarths–a twn mejÏdwn stic kai-
rikËc sunj†kec, entàssoun tic doruforikËc metr†seic sthn kathgor–a twn pol‘ qr†simwn
ergale–wn gia thn topograf–a. S†mera, kaj∏c h akr–beia twn metr†sewn suneq∏c bel-
ti∏netai kai ta pleonekt†mata thc qr†shc dorufÏrwn gia ep–geiec efarmogËc Ëqoun g–nei
eurËwc apodektà, to GPS Ëqei epektaje– se shmantikËc kai me idia–terec apait†seic efar-
mogËc, Ïpwc h parakolo‘jhsh twn mikrometakin†sewn megàlwn teqnik∏n Ërgwn kai twn
metakin†sewn tou stereo‘ floio‘ thc ghc.

3.2 BasikËc arqËc leitourge–ac tou GPS

To Ïrgano me th zwtikÏterh shmas–a ston dorufÏro GPS e–nai Ënac kal†c poiÏthtac
talantwt†c, o opo–oc epikoinwne– me Ëna s‘nolo atomikà rolÏgia roubid–ou kai kais–ou. Ta
rolÏgia autà me th seirà touc dhmiourgo‘n d‘o sunafe–c fore–c, thn L1 kai thn L2 sto
kanàli L.
Oi d‘o fËrousec suqnÏthtec v1 kai v2 proËrqontai apÏ th jemeli∏dh suqnÏthta v0 =

10.23MHz, kai sundËontai me th mhtrik† touc wc ex†c:

• v1 = 154 · v0 = 1575.42MHz me m†koc k‘matoc �
1

= c/v
1

⇡ 190mm

• v
2

= 120 · v
0

= 1227.60MHz me m†koc k‘matoc �
2

= c/v
2

⇡ 244mm,

Ïpou
c = 299 792 458m s�1 h taq‘thta tou fwtÏc sto kenÏ.

O grammikÏc sunduasmÏc twn L1 kai L2 suqnot†twn, h legÏmenh L3 suqnÏthta, te–nei na
exalle–fei tic ionosfairikËc diajlàseic ki Ëtsi apotele– Ëna pol‘ qr†simo ergale–o gia thn
epexergas–a twn metr†sewn GPS. H L3 (ionosphere-free LC) morf∏netai wc ex†c:

L3 = 1,3 · L1 + 2,3 · L3,

Ïpou

1,3

= +v2
1

(v2
1

� v2
2

) ⇡ +2, 546

kai 
2,3

= �v2
2

(v2
1

� v2
2

) ⇡ �1, 546

Stouc dorufÏrouc dhmiourgo‘ntai d‘o PRN (Pseudo-Random Noise) k∏dikec:

• O C-A (Coarse Acquisition) k∏dikac, o opo–oc diamorf∏netai sthn L1 me taq‘thta
1,023 Mbps kai antistoiqe– sto 1/10 thc jemeli∏douc v0

• O P (Precision) k∏dikac, † kal‘tera h kruptografhmËnh tou ekdoq† Y-Code. AutÏc
diamorf∏netai sthn L1 kai sthn L2 me taq‘thta 10,23 Mbps. E–nai o k‘rioc k∏dikac
pou qrhsimopoie–tai katà kÏrwn gia stratiwtiko‘c skopo‘c.
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Axioshme–wth e–nai h poluplokÏthta tou k∏dika PRN, gegonÏc pou epitrËpei stouc doru-
fÏrouc na qrhsimopoio‘n thn –dia suqnÏthta qwr–c na «empod–zoun» o Ënac ton àllon.
TËloc, o ekàstote dorufÏroc apostËllei proc touc dËktec, apÏ touc opo–ouc mpore– na
parathrhje–, Ëna m†numa plo†ghshc, to opo–o diamorf∏netai me 50 bps kai stic d‘o fËrou-
sec suqnÏthtec. To m†numa autÏ periËqei plhrofor–ec gia thn efhmer–da kai ta rolÏgia
tou dorufÏrou, thn ∏ra-hmeromhn–a tou GPS kai thn katàstash tou sust†matoc. Màli-
sta, ta arqe–a me thn efhmer–da twn dorufÏrwn prosegg–zoun thn pragmatik† touc troqià
me akr–beia thc tàxewc twn 2� 4m.
O doruforikÏc entopismÏc jËshc aforà, ousiastikà, ston apÏluto † sqetikÏ entopismÏ
thc jËshc shme–wn sto geweidËc † pànw apÏ autÏ me thn katàllhlh epexergas–a doru-
forik∏n metr†sewn. Qreiàzontai toulàqiston tËsseric dorufÏroi gia na prosdioriste– h
jËsh enÏc shme–ou treic gia ton prosdiorismÏ thc jËshc tou dËkth sto q∏ro kai Ënan gia
to sugqronismÏ tou me ton pagkÏsmio qrÏno. O prosdiorismÏc g–netai me trigwnopo–hsh
twn jËsewn twn dorufÏrwn me to dËkth, o opo–oc, Ïmwc, adunat∏ntac na sugqron–sei ta
rolÏgia tou me autà twn dorufÏrwn, sthn pragmatikÏthta upolog–zei lanjànousec apo-
stàseic, tic legÏmenec yeudoapostàseic.

3.3 Differential GPS

O diaforikÏc entopismÏc me qr†sh tou GPS (Differential GPS- DGPS) apotele– mia prohg-
mËnh mËjodo doruforiko‘ entopismo‘ pou parËqei se kino‘mena mËsa akr–beia thc tàxewc
twn merik∏n mËtrwn, en∏ se statikà shme–a h akr–beia prosdiorismo‘ ftànei akÏma kai
merikà ekatostà. Aut† h teqnik† Ëdwse th dunatÏthta gia gr†gorh kai akrib† plo†ghsh,
me apotËlesma na br–skei eurËwc efarmog† (nausiploÚa, qartograf–a).
To DGPS sthr–zetai sth basik† arq† Ïti ta sfàlmata pou upeisËrqontai ston prosdio-
rismÏ thc jËshc e–nai –dia gia Ïla ta shme–a se m–a topik† perioq†. Sth mËjodo aut† u-
pàrqei Ënac stajmÏc me gnwstËc suntetagmËnec, o legÏmenoc stajmÏc anaforàc, kai Ënac
kino‘menoc † stajerÏc dËkthc, tou opo–ou h jËsh epidi∏ketai na prosdioriste– (Sq†ma
10). O stajmÏc anaforàc dËqetai apÏ Ïlouc touc dorufÏrouc pou aniqne‘ei s†mata, a-
pÏ ta opo–a upolog–zei th jËsh tou † kal‘tera tic yeudoapostàseic metax‘ stajmo‘ kai
dorufÏrwn. Sugkr–nontac tic upologismËnec yeudoapostàseic me tic dedomËnec megàlhc
akr–beiac, h diaforà twn opo–wn ofe–letai sta susthmatikà sfàlmata thc perioq†c, pro-
k‘ptei m–a diÏrjwsh pou onomàzetai «paràgontac diÏrjwshc làjouc». Sth sunËqeia, o
stajmÏc anaforàc stËlnei se Ïlouc touc dËktec pou e–nai sthn perioq† tic diorj∏seic gia
tou dorufÏrouc pou aniqne‘ei. Oi dËktec me th seirà touc epilËgoun tic diorj∏seic twn
dorufÏrwn pou qrhsimopoio‘n kai tic lambànoun upÏyh touc prokeimËnou na upolog–soun
th jËsh touc. 'Oso mikrÏterh e–nai h apÏstash metax‘ dËkth kai stajmo‘ anaforàc, dhla-
d† Ïso pio koinÏ e–nai to GDOP (Geometric Dilution of Precision) touc, tÏso perissÏtero
allhloanairo‘ntai ta susthmatikà touc sfàlmata.

3.4 TeqnikËc mËtrhshc twn yeudoapostàsewn

D‘o e–nai oi teqnikËc pou qrhsimopoio‘ntai gia ton upologismÏ twn apostàsewn twn doru-
fÏrwn apÏ to dËkth: h mËjodoc tou k∏dika kai aut† thc fËrousac fàshc. Oi d‘o mËjodoi
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Sq†ma 10: Diàtaxh twn teqnht∏n dorufÏrwn kai twn dekt∏n gia
diaforikÏ entopismÏ jËshc shme–ou

DGPS satelite-recievers provisioning

e–nai diaforetik†c poluplokÏthtac kai akr–beiac kai sun†jwc gia ergas–ec, pou epizhtàtai
megàlh akr–beia, efarmÏzetai arqikà h pr∏th kai diadoqikà h de‘terh.

3.4.1 K∏dikac

Kàje dËkthc paràgei Ëna k∏dika PRN ton opo–on sugkr–nei me ton k∏dika pou lambànei
apÏ ton dorufÏro kai prospaje– na touc sugqron–sei, olisja–nontac ton dikÏ tou qronikà
proc ta p–sw, Ïso kai to qronikÏ diàsthma pou qreiàzetai to s†ma gia na taxidËyei apÏ
ton dorufÏro sto dËkth. Afo‘ prosdior–sei to qronikÏ autÏ diàsthma mpore– e‘kola na
upolog–sei kai thn apÏstash metax‘ tou dorufÏrou kai tou dËkth.
To prÏblhma me th mËjodo aut† e–nai Ïti to plàtoc twn k‘klwn twn PRN pou sugkr–nontai
e–nai megàlo ki Ëtsi mpore– proseggistikà na fa–nontai Ïti tairiàzoun, allà sthn pragma-
tikÏthta na Ëqoun kàpoia diaforà fàshc metax‘ touc (Sq†ma 11). Me thn taq‘thta tou
fwtÏc akÏma kai pol‘ mikrËc qronikËc diaforopoi†seic (diaforËc fàseic) antistoiqo‘n se
sfàlma entopismo‘ arket∏n mËtrwn.
Gia to lÏgo autÏ oi dËktec efarmÏzoun diàforouc mhqanismo‘c prokeimËnou na fËroun ta
d‘o s†mata se fàsh metax‘ touc. Oi exeligmËnoi dËktec apokl–noun apÏ ton sugqronismÏ
mÏno 1-2%, to opo–o, Ïmwc, antistoiqe– se sfàlma 3-6m!

3.4.2 FËrousa fàsh

Gia na epiluje– to prÏblhma thc diaforàc fàshc thc mejÏdou tou k∏dika, anapt‘qjhke
h teqnik† thc fËrousac fàshc. PrÏkeitai gia m–a teqnik†, Ïpou ston k∏dika PRN tou
dorufÏrou prost–jetai m–a fËrousa suqnÏthta (h L1 † h L2), dhlad† Ëna katàllhlo s†ma
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Sq†ma 11: Ta d‘o s†mata tairiàzoun, allà h diaforà fàshc
paramËnei

The two signals match, but there is still a phase difference

Sq†ma 12: Oi k‘kloi thc FËrousac Fàshc kai tou K∏dika
The cycles of Code and Carrier-phase GPS signals

uyhl†c suqnÏthtac. To nËo autÏ s†ma, Ïpwc fa–netai kai sto Sq†ma 12, Ëqei pol‘ mikrÏ
plàtoc k‘klwn. O dorufÏroc ekpËmpei to s†ma sth fËrousa suqnÏthta (edàfio 3.2),
sthn opo–a sunton–zetai kai o dËkthc. Sth sunËqeia, o dËkthc me Ënan apodiamorfwt†
«xeqwr–zei» kai enisq‘ei ton k∏dika PRN.
H parakolo‘jhsh thc fËrousac fàshc GPS d–nei th dunatÏthta na prosdioriste– h jËsh
shme–ou mËqri kai 30 km makrià apÏ to shme–o anaforàc (stajmÏc me gnwstËc suntetag-
mËnec). Gia to lÏgo autÏ oi perissÏteroi dËktec GPS periËqoun kai Ëna s‘sthma parako-
lo‘jhshc thc fËrousac fàshc. H akr–beia pou epitugqànetai me th mËjodo aut† e–nai thc
tàxewc twn 2mm, allà mei∏netai shmantikà an h diaforà se ionosfairik† kajustËrhsh
stouc d‘o dËktec e–nai megàlh. AutÏ sumba–nei Ïtan ta d‘o shme–a br–skontai se apÏstash
megal‘terh twn 30 km, me apotËlesma ta susthmatikà touc sfàlmata na mhn e–nai pa-
rapl†sia kai na mhn allhloanairo‘ntai. Oi diaforetikËc timËc se k‘klouc kai klàsmata
k‘klwn thc fËrousac fàshc anà ton qrÏno gia ta d‘o shme–a, odhgo‘n se pol‘ mikr†
akr–beia entopismo‘ thc àgnwsthc jËshc tou shme–ou.
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H mËtrhsh thc fËrousac fàshc s’ Ëna dËkth D apÏ Ëna dorufÏro S d–netai apÏ ton para-
kàtw t‘po:

�

S

D

(t) = fS

D

(t)� fS

(t) +NS

D

+ S
D

+ f(t
S

+ t
D

)� d
iono

+ d
tropo

(4)

Ïpou

�

S

D

(t): to m†koc thc diadrom†c apÏ ton dorufÏro ston dËkth gia qrÏno t. To m†koc autÏ
ekfràzetai se arijmÏ akËraiwn k‘klwn kai klàsmata k‘klou.
fS

D

(t): h fàsh pou metràei o dËkthc apÏ ton dorufÏro se qrÏno t
fS

(t): h fàsh pou ekpËmpetai apÏ ton dorufÏro
NS

D

: o akËraioc arijmÏc k‘klwn asàfeiac
S
D

: o jÏruboc sto dËkth
f : h fËrousa suqnÏthta
t
S

: to sfàlma tou qronomËtrou tou dorufÏrou
t
D

: to sfàlma tou qronomËtrou tou dËkth
d
iono

: to sfàlma pro∏jhshc tou s†matoc sthn ionÏsfaira
d
tropo

: to sfàlma kajustËrhshc tou s†matoc sthn tropÏsfaira

To prÏblhma me th mËjodo aut† e–nai Ïti e–nai d‘skolo na metrhje–, giat– oi k‘kloi thc
e–nai pol‘ omoiÏmorfoi, se ant–jesh me touc k‘klouc tou k∏dika PRN. Gia to lÏgo autÏ
h sunhjËsterh praktik† pou akolouje–tai e–nai o upologi smÏc twn apostàsewn me th
mËjodo tou k∏dika, me akr–beia thc tàxewc twn merik∏n mËtrwn, kai sth sunËqeia, afo‘
Ëqei perioriste– shmantikà to pl†joc twn k‘klwn thc fËrousac suqnÏthtac pou prËpei na
metrhjo‘n, upolog–zontai xanà oi apostàseic me th mËjodo thc fàshc me pol‘ megal‘terh
akr–beia. H praktik† aut† akolouj†jhke kai sthn efarmog† pou parousiàzetai sto B'
MEROS thc ergas–ac.

3.5 MËjodoi entopismo‘ jËshc pou bas–zontai sthn fËrousa fàsh
kai sto diaforikÏ entopismÏ

Oi metr†seic thc fËrousac fàshc pragmatopoio‘ntai paràllhla se Ïso to dunatÏn peris-
sÏterouc dorufÏrouc. Oi teqnikËc twn apl∏n, dipl∏n kai tripl∏n diafor∏n dhmiourgo‘n
exis∏seic parat†rhshc me agn∏stouc ta susthmatikà sfàlmata kai touc k‘klouc asàfeiac.
Sth sunËqeia, prosdior–zontai oi apostàseic tou stajmo‘ anaforàc kai tou àllou shme–ou
apÏ touc dorufÏrouc kai telikà me opisjotom–a na prosdioriste– h jËsh tou shme–ou.

• AplËc DiaforËc: Mpore– na efarmoste– se tautÏqronec metr†seic d‘o dekt∏n.
Me th mËjodo aut† apale–fontai ta sfàlmata tou qronomËtrou tou dorufÏrou.

H apl† diaforà d–netai apÏ th sqËsh:

p = ⇢+ d⇢+ d
trop

� d
ion

+ c(dt� dT ) +MP + "
p

(5)

Ïpou
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p: h gewmetrik† apÏstash tou dorufÏrou apÏ to dËkth.

Sth sqËsh aut† upeisËrqontai diàfora sfàlmata, Ïpwc to sfàlma kajustËrhshc tou
s†matoc sthn tropÏsfaira, to sfàlma pro∏jhshc tou s†matoc sthn ionÏsfaira, ta
susthmatikà sfàlmata twn qronomËtrwn tou dorufÏrou kai tou dËkth (dT kai dt
ant–stoiqa), oi pollaplËc diadromËc kai to tuqa–o sfàlma thc ekàstote mËtrhshc ep.

• DiplËc DiaforËc: H mËjodoc efarmÏzetai se tautÏqronec metr†seic d‘o dekt∏n.
Ousiastikà, m–a dipl† diaforà antistoiqe– se diaforà d‘o apl∏n diafor∏n. Me
aut† thn epexergas–a twn metr†sewn exale–fontai ta sfàlmata qronomËtrwn sto
dorufÏro kai to dËkth, allà den exale–fetai h asàfeia twn k‘klwn.

• TriplËc DiaforËc: Sqhmat–zontai apÏ diplËc diaforËc se diaforetikà qronikà
stigmiÏtupa. EktÏc apÏ ta susthmatikà sfàlmata, pou exale–fontai kai me th mËjodo
twn dipl∏n diafor∏n, exale–fontai kai oi asàfeiec twn k‘klwn.

3.5.1 Ep–lush asafei∏n

'Olec oi teqnikËc, pou qrhsimopoio‘ntai sto entopismÏ jËshc pou bas–zontai sthn fËrousa
fàsh, stoqe‘oun sthn ep–lush thc asàfeiac twn k‘klwn, sthn e‘resh dhlad† tou akera–ou
arijmo‘ twn k‘klwn thc fËrousac fàshc. An me th mËjodo tou diaforiko‘ entopismo‘
breje– o arijmÏc autÏc, tÏte h apÏstash dorufÏrou apÏ to stajerÏ dËkth prosdior–zetai
me megàlh akr–beia kai perior–zontai ta susthmatikà sfàlmata, ta opo–a, Ïpwc epexhge–tai
kai parapànw allhloanairo‘ntai gia mikrËc sqetikà apostàseic (kàtw twn 30 km) ki Ëtsi
ektimàtai me megàlh akr–beia h jËsh tou àgnwstou shme–ou. H e‘resh twn akËraiwn k‘klwn
thc fËrousac fàshc bas–zetai pànta se statistikËc upojËseic kai mpore– na ephreaste–
shmantikà apÏ paràgontec pou den lambànontai upÏyh stic exis∏seic parat†rhshc. Prin
th qrhsimopo–hsh thc suqnÏthtac ele‘jerhc ionÏsfairac (ionosphere-free LC), h ep–lush
twn apl∏n kai twn dipl∏n diafor∏n exartiÏtan kur–wc apÏ tic ionosfairikËc apokl–seic.
AkÏmh kai s†mera oi mËjodoi pou qrhsimopoio‘ntai gia thn ep–lush twn asafei∏n, an
exaireje– h mËjodoc twn yeudoapostàsewn, ephreàzontai apÏ thn ionosfairik† diàjlash.
H ekàstote mËjodoc diaqeir–zetai ta ionosfairikà sfàlmata pou den Ëqoun lhfje– upÏyh
me kàpoion trÏpo sto majhmatikÏ montËlo, e–te agno∏ntac ta, e–te upojËtontac Ïti ta
sfàlmata autà br–skontai entÏc apodekt∏n or–wn.
Oi mËjodoi ep–lushc twn asafei∏n pou qrhsimopoio‘ntai e–nai oi ex†c [2, sel. 53]:

• Apeuje–ac ep–lush twn L1 kai L2 asafei∏n. H mËjodoc qrhsimopoie–tai kur–wc se
mikrËc bàseic, stic opo–ec mpore– na agnohje– h ionosfairik† diàjlash

• FARA (FAst Ambiguity Resolution Approach)

• LAMBDA (Least-Squares AMBiguity Decorrelation Adjustment)

• Ep–lush twn asafei∏n se d‘o b†mata, pr∏ta epil‘ontac tic asàfeiec m–ac eure–ac
kai sth sunËqeia miac stenÏterhc lwr–dac k‘klwn
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• H mËjodoc twn yeudoapostàsewn

• QIF (Quasi Ionosphere Free). H mËjodoc sqediàsthke apÏ touc Schaer [1994] kai
Mervart [1995] kur–wc gia megàla stajerà d–ktua. Pragmatopoie–tai se Ëna b†ma ki
epitrËpei thn apeuje–ac ep–lush twn basik∏n asafei∏n fàshc se megàlec bàseic, mh
axiopoi∏ntac ton k∏dika P. Mpore– na antimetwp–sei megàla ionosfairikà sfàlmata.
To posostÏ twn asafei∏n twn bàsewn pou epil‘ontai me th mËjodo aut†, an sthn
ep–lush lambànontai upÏyh topiko– † pagkÏsmioi ionosfairiko– qàrtec, e–nai idia–tera
ikanopoihtikÏ. Oi asàfeiec tou dikt‘ou, gia to opo–o g–netai lÏgoc sto B'v MEROS
thc ergas–ac, Ëqoun epiluje– me aut† th mËjodo.

To logismikÏ pakËto Bernese uposthr–zei kai mpore– na diaqeiriste– Ïlec tic mejÏdouc
ektÏc thc LAMBDA.

3.6 Sfàlmata sto GPS

Pollo– e–nai oi paràmetroi pou mpore– na odhg†soun se kajuster†seic kai alloi∏seic
tou ekpempÏmenou apÏ ton dorufÏro radios†matoc. Ta sfàlmata pou upeisËrqontai stic
metr†seic tou GPS mporo‘n na taxinomhjo‘n stic ex†c genikËc kathgor–ec:

• Susthmatikà Sfàlmata (Biases)

• Qondroeid† Sfàlmata

• Sfàlmata Jor‘bou

'Eqei parathrhje–, Ïti o jÏruboc kai ta biac sfàlmata kàje dorufÏrou pou summetËqei sth
l‘sh entopismo‘ epibar‘noun th l‘sh me tupikÏ sfàlma twn 15m, sfàlma Ïqi as†manto
gia tic epijumhtËc akr–beiec. H Sq†ma 13 epishma–nei to parapànw gegonÏc.
'Enac pol‘ axiÏpistoc majhmatikÏc de–kthc gia thn poiÏthta thc doruforik†c ep–lushc e–nai
to GDOP. O de–kthc autÏc aforà sto pl†joc kai kur–wc sth gewmetr–a (‘yoc kai jËsh
ston ouranÏ) pou Ëqei o doruforikÏc asterismÏc th stigm† thc mËtrhshc kai upolog–zetai
apÏ ton ex†c t‘po:

GDOP =

p
TDOP 2

+HDOP 2
+ V DOP 2 (6)

Oi paràmetroi tou t‘pou (6) or–zontai wc ex†c:

• TDOP (Time Dilution of Precision) e–nai Ënac de–kthc gia to katà pÏso h gewmetr–a
twn dorufÏrwn ephreàzei to sugqronismÏ twn rologi∏n tou dËkth

• HDOP (Horizontal Dilution of Precision) e–nai de–kthc pou sunartà th gewmetr–a
twn dorufÏrwn me thn orizontiografik† akr–beia me thn opo–a prosegg–zetai h jËsh
tou dËkth

• V DOP (Vertical Dilution of Precision) e–nai de–kthc pou sunartà th gewmetr–a twn
dorufÏrwn me thn akr–beia me thn opo–a prosegg–zetai to uyÏmetro tou dËkth
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Sq†ma 13: Sfàlmata pou upeisËrqontai ston entopismÏ jËshc
kai p∏c autà ephreàzoun

Errors in positioning and their effect

Sq†ma 14: Kal† kai kak† gewmetr–a tou doruforiko‘ asterismo‘
Good and poor GDOP
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Megàlh gwn–a metax‘ twn dorufÏrwn metafràzetai se mikrÏ GDOP kai sunep∏c kal†
gewmetr–a twn dorufÏrwn, en∏ ant–jeta mikr† gwn–a shma–nei kak† gewmetr–a kai kak†
poiÏthta twn metr†sewn gia ton prosdiorismÏ thc jËshc (Sq†ma 14). PlËon, kukloforo‘n
sto empÏria dËktec pou prosdior–zoun to GDOP twn dorufÏrwn kai epilËgoun auto‘c me
to mikrÏtero.

3.6.1 Susthmatikà sfàlmata

Sthn kathgor–a aut† an†koun sfàlmata, pou den mporo‘n na apofeuqjo‘n sth fàsh twn
metr†sewn. TËtoia mpore– na e–nai:

• H Epilektik† DiajesimÏthta: Sfàlma to opo–o perior–zei jemità thn akr–beia tou
entopismo‘ jËshc. To sfàlma autÏ epiballÏtan apÏ to Upourge–o Ejnik†c 'Amunac
twn H.P.A. kai plËon apÏ to 2000 Ëqei stamat†sei na isq‘ei.

• Sfàlmata mh sugqronismo‘ twn rologi∏n. O sugqronismÏc twn rologi∏n twn de-
kt∏n me ton pagkÏsmio qrÏno epitugqànetai me th mËtrhsh thc apÏstashc tou dËkth
apÏ Ënan tËtarto dorufÏro, Ëtsi ta koinà quartz rolÏgia twn dekt∏n apokto‘n a-
kr–beia atomiko‘ rologio‘.

• Sfàlmata sta dedomËna twn troqi∏n (efhmer–dwn twn dorufÏrwn). 'Oloi oi dËktec
GPS e–nai efodiasmËnoi me Ëna hmerolÏgio me thn akrib† efhmer–da twn dorufÏrwn.
EpiprÏsjeta, h jËsh, h taq‘thta kai h kate‘junsh k–nhshc twn dorufÏrwn GPS
elËgqontai apÏ to Upourge–o 'Amunac twn HnwmËnwn Politei∏n me rantàr megàlhc
akr–beiac, to opo–o metad–dei sto dorufÏro diorj∏seic thc arqik†c troqiàc apÏ sfàl-
mata, pou prokalo‘ntai apÏ thn p–esh pou aske– h hliak† aktinobol–a stouc doru-
fÏrouc kai apÏ ta ped–a bar‘thtac thc Sel†nhc kai tou 'Hliou.

• Kajuster†seic sthn tropÏsfaira apÏ ta kairikà fainÏmena pou epikrato‘n sto
str∏ma autÏ kai touc udratmo‘c.

• Kajuster†seic sthn ionÏsfaira lÏgw diajlàsewn, kur–wc katà th diàrkeia thc h-
mËrac, Ïpou oi jermokras–ec e–nai pio uyhlËc.

• PollaplËc diadromËc shmàtwn pou anakl∏ntai kontà ston dËkth, ta opo–a mpore–
e–te na parembàlloun me ta k‘mata GPS, e–te na anagnwr–zontai apÏ ton dËkth san
k‘mata GPS (multipath errors). S†mera, oi kalo– dËktec qrhsimopoio‘n per–plokec
teqnikËc gia na aporr–ptoun ta s†mata pou ofe–lontai se antanaklàseic ambl‘nontac
shmantikà to prÏblhma pou dhmiourgo‘n ta sfàlmata autà. 'Opwc e–nai logikÏ ta
sfàlmata autà e–nai megal‘tera se qaràdrec, pÏleic me yhlà kt–ria, oropËdia ktl.

3.6.2 Qontroeid† sfàlmata

Ta sfàlmata autà ofe–lontai kur–wc se «aprosex–ec» sta diàfora stàdia tou doruforiko‘
entopismo‘. Mpore– na odhg†soun se astoq–a thc l‘shc thc tàxewc twn ekatontàdwn
qiliomËtrwn. WstÏso, mporo‘n sqetikà e‘kola na entopisto‘n † na g–nei antilhpt† h
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‘parx† touc, an ta telikà apotelËsmata † ta apotelËsmata stic diàforec fàshc memonwmËna
emfan–zoun shmantik† apÏklish se sqËsh me kàpoia proseggistik† tim† pou prosdior–zetai
e‘kola me aplËc mejÏdouc. Gia paràdeigma, an epijume–tai na pragmatopoihje– Ënac Ëlegqoc
gia thn ‘parxh qondroeid∏n sfalmàtwn stic metr†seic gia ton prosdiorismÏ thc jËshc
enÏc shme–ou, e–nai e‘kolo na sugkrijo‘n oi telikËc suntetagmËnec tou shme–ou me m–a
proseggistik† tim† gia to shme–o autÏ pou mpore– na parje– apÏ Ënan qàrth.
Sfàlmata auto‘ tou e–douc mpore– na e–nai sfàlmata tou Tm†matoc ElËgqou, sfàlmata
tou qr†sth pou epil‘ei to d–ktuo, Ïpwc h qr†sh làjoc gewdaitiko‘ sust†matoc anaforàc,
sfàlmata sth suskeu† tou dËkth k.a.

3.6.3 Sfàlmata jor‘bou

Ta sfàlmata jor‘bou prokalo‘ntai apÏ to sunduasmÏ sfalmàtwn ston k∏dika PRN, tou
g†inou parasitiko‘ jor‘bou kai tou jor‘bou pou ofe–letai sth f‘sh twn kuklwmàtwn tou
dËkth.

3.7 TopografikËc ergas–ec me GPS

Oi metr†seic pou mporo‘n na pragmatopoihjo‘n me to GPS poik–loun. Gia kàje gewdaitik†
efarmog† sunupolog–zontac thn epijumht† akr–beia sta telikà apotelËsmata, ton qrÏno
pou mpore– na diateje– gia kàje mËtrhsh, to an h mËjodoc epitrËpei thn epitÏpia epexergas–a
twn metr†sewn † apaite– metËpeita epexergas–a sto grafe–o, epilËgetai sun†jwc m–a apÏ
tic parakàtw teqnikËc:

• ApÏlutoc StatikÏc EntopismÏc

• SqetikÏc StatikÏc EntopismÏc (Static)

• Taqe–a Statik† MËjodoc Entopismo‘

• KinhmatikÏc EntopismÏc (Kinematic)

• Stop and Go Kinematic

• Yeudokinhmatik†

• Real Time Kinematic (RTK)

Sto pla–sio thc sugkekrimËnhc ergas–ac, perigràfetai parakàtw analutikÏtera h mËjodoc
tou sqetiko‘ statiko‘ entopismo‘, kaj∏c me th sugkekrimËnh mËjodo Ëginan oi metr†seic
gia ton upologismÏ thc jËshc twn shme–wn tou topiko‘ dikt‘ou.

3.7.1 SqetikÏc StatikÏc EntopismÏc

MËsw thc mejÏdou aut†c prosdior–zetai to diànusma metax‘ d‘o shme–wn (DQ, DY, DZ).
To diànusma autÏ onomàzetai bàsh. 'Etsi, mpore– na entopiste– h jËsh enÏc shme–ou wc
proc kàpoio àllo, to opo–o Ëqei †dh gnwstËc suntetagmËnec kai katà sunËpeia mpore–
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na upologiste– kai h apÏluth jËsh tou àgnwstou shme–ou. Gia ton entopismÏ thc jËshc
enÏc shme–ou me th mËjodo aut†, apaito‘ntai tautÏqronec parathr†seic pËnte toulàqiston
dorufÏrwn apÏ toulàqiston d‘o dËktec.
PrÏkeitai gia mia idia–tera akrib† mËjodo entopismo‘, h akr–beia thc opo–ac agg–zei ta
merikà klàsmata tou ekatosto‘. O qrÏnoc parat†rhshc, dhlad† o qrÏnoc pou apaite–tai
gia metr†seic se m–a bàsh, e–nai megàloc. Endeiktikà, gia m–a bàsh 5 km, me kalÏ GDOP,
o apaito‘menoc qrÏnoc parathr†sewn e–nai toulàqiston 20min. O qrÏnoc parat†rhshc
e–nai mia paràmetroc pou diaforopoie–tai anàloga me to m†koc thc bàshc, ton arijmÏ kai
th gewmetr–a twn dorufÏrwn pou e–nai anà pàsa stigm† orato– kai sta d‘o shme–a kai thn
epijumht† akr–beia.
H epexergas–a twn metr†sewn kai h exagwg† twn apotelesmàtwn proÙpojËtei epexergas–a
twn parathr†sewn sto grafe–o. H mËjodoc thc epexergas–ac perilambànei th dhmiourg–a
apl∏n, dipl∏n kai tripl∏n diafor∏n. H tautÏqronh mËtrhsh kai twn d‘o dekt∏n apale-
–fei pollËc phgËc susthmatik∏n sfalmàtwn, parËqontac akr–beia thc tàxewc twn merik∏n
qiliost∏n.

3.8 Ep–drash thc ionÏsfairac stic parathr†seic GPS

Kaj∏c to s†ma tou GPS taxide‘ei apÏ touc dorufÏrouc stouc g†inouc dËktec pernà mËsa
apÏ Ëna str∏ma me megàlh periektikÏthta se iÏnta, thn ionÏsfaira. To str∏ma autÏ Ëqei
tËtoiec idiÏthtec, ∏ste na paremba–nei sthn diàdosh twn kumàtwn kai na ephreàzei thn
pore–a touc. H kajustËrhsh tou s†matoc lÏgw thc ep–drashc thc ionÏsfairac kuma–netai
apÏ e–kosi wc triànta mËtra katà th diàrkeia thc hmËrac kai apÏ tr–a wc Ëxi mËtra katà
th diàrkeia thc n‘qtac, s‘mfwna me touc ZhsÏpoulo, Parade–sh [4]. Màlista, se peri-
pt∏seic Ëntonwn ionosfairik∏n fainomËnwn, h kajustËrhsh tou s†matoc sth suqnÏthta
L1 mpore– na ftàsei akÏma kai ta 100m se perioqËc me empÏdia. Gia gwn–ec qamhlo‘ ‘youc
h ionosfairik† kajustËrhsh e–nai triplàsia apÏ th mËsh.
Ston p–naka 3.1 parousiàzetai h kajustËrhsh tou s†matoc stic diàforec suqnÏthtec pou
ofe–letai se 1 TECU ele‘jerwn hlektron–wn [2, sel. 53].

SuqnÏthta
Ionosfairik† KajustËrhsh

MËtra (m) K‘kloi QrÏnoc (ns)

L1 0,162 0,853 0,542
L2 0,267 1,095 0,892
L3 -0,105 -1,948 -0,354
L4 -0,208 -0,248 0,695

P–nakac 3.1: Kajuster†seic tou s†matoc pou ofe–lontai se 1
TECU ele‘jerwn hlektron–wn

Signal delays, which are due to 1 TECU free electrons

Genikà, h metrhmËnh apÏstash metax‘ dorufÏrou kai dËkth iso‘tai me:

⇢0 = p+�p
trop

+�p
ion

(7)
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Ïpou

p: h gewmetrik† apÏstash metax‘ dorufÏrou kai dËkth GPS
�p

trop

: h diÏrjwsh sthn tropÏsfaira
�p

ion

: h diÏrjwsh sthn ionÏsfaira

H ionosfairik† ep–drash upolog–zetai apÏ ton ex†c t‘po [5, sel. 58]:

�Iiono
i

= ± ↵

f2
i

· TEC gia i = 1, 2 (8)

Ïpou

�Iiono
i

: ionosfairik† diÏrjwsh se mËtra sthn suqnÏthta f
i

f
i

: suqnÏthta ekpomp†c me i = 1, 2 kai (f
i

> 0 gia parathr†seic k∏dika , f
i

< 0 gia parathr†seic
fàshc)
↵: h stajerà ↵ = 40, 3

H diÏrjwsh sthn ionÏsfaira mpore– na e–nai:

• Jetik† (+): gia parathr†seic k∏dika, stic opo–ec h metrhmËnh apÏstash e–nai megal‘terh
apÏ th gewmetrik†.

• Arnhtik† (-): gia parathr†seic k∏dika, stic opo–ec h metrhmËnh apÏstash e–nai mikrÏterh
apÏ th gewmetrik†.
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MËroc II

Epexergas–a dedomËnwn -

Sumperàsmata
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4 D–ktuo doruforiko‘ entopismo‘

Sto kefàlaio autÏ parousiàzetai h diadikas–a pou akolouj†jhke, ∏ste telikà na para-
qjo‘n ta arqe–a IONEX pou perigràfontai sto pËmpto kefàlaio thc ergas–ac. Gia to
skopÏ autÏ dhmiourg†jhke Ëna d–ktuo doruforiko‘ entopismo‘ gia to prosdiorismÏ thc
jËshc tessàrwn mÏnimwn stajm∏n, epilegmËnwn Ëtsi ∏ste na peribàloun thn Ellàda. H
ep–lush pragmatopoi†jhke gia eikosiokt∏ hmËrec tou Ëtouc 2011, dhlad† gia eptà sune-
qÏmenec hmËrec gia thc tËsseric epoqËc tou Ëtouc. H epexergas–a pragmatopoi†jhke me
ergale–o to episthmonikÏ logismikÏ pakËto Bernese Ëkdoshc 5.0.

4.1 Genikà

Zhto‘meno e–nai na entopiste– h jËsh twn tessàrwn shme–wn, pou epilËqjhkan na e–nai Ïso
to dunatÏn kal‘tera katanemhmËna sthn Ellàda, gia thn paragwg† TEC qart∏n antipro-
swpeutik∏n twn tim∏n thc ionÏsfairac sthn Ellàda, gia thc diàforec epoqËc tou Ëtouc.
Gia to skopÏ autÏ dhmiourge–tai d–ktuo shme–wn pou apotele–tai apÏ dËka stajmo‘c ana-
foràc sthn Eur∏ph kai touc tËsseric stajmo‘c, katanemhmËnouc sthn Ellàda. To d–ktuo
autÏ e–nai Ëna d–ktuo GNNS mÏnimwn stajm∏n anaforàc pou br–skontai se suneqÏmenh
leitourg–a eths–wc Ïlo to eikositetràwro. To sq†ma 15 anaparistà grafikà to meleto-
‘meno d–ktuo. Me pràsiono tr–gwno apeikon–zetai h jËsh twn gnwst∏n shme–wn (shme–a
anaforàc) kai me kÏkkino k‘klo ta shme–a tou topiko‘ dikt‘ou. EpiplËon, Ëqoun enwje–
oi bàseic pou dhmiourgo‘ntai gia thn ep–lush tou dikt‘ou.
Oi stajmo– pou epelËghsan san stajmo– anaforàc tou dikt‘ou e–nai mÏnimoi stajmo– thc
IGS (edàfio 1.4), prosdiorismËnoi sto ITRF. To topikÏ d–ktuo apotele–tai apÏ touc staj-
mo‘c «KASI» kai «PRKV» tou dikt‘ou pou Ëqei idruje– apÏ to EjnikÏ Asteroskope–o
Ajhn∏n (edàfio 1.6) kai touc stajmo‘c «DUTH» kai «TUC2» tou EPN thc Euref (edàfio
1.5).
Wc pr∏to b†ma gia thn melËth thc ionÏsfairac, loipÏn, prÏkeitai na prosdioristo‘n oi sun-
tetagmËnec twn shme–wn «PRKV», «KASI», «TUC2» kai «DUTH», qrhsimopoi∏ntac hme-
r†siec doruforikËc parathr†seic, pou pragmatopoio‘ntai tautÏqrona kai sta dekatËssera
shme–a tou dikt‘ou. H mËjodoc thc epexergas–ac e–nai o sqetikÏc statikÏc entopismÏc, en∏
gia thn epexergas–a tou dikt‘ou qrhsimopoi†jhkan telikà proÏnta thc uphres–ac IGS, ta
opo–a br–skontai anarthmËna sto diad–ktuo [6–9].
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Sq†ma 15: Grafik† anaparàstash twn shme–wn tou dikt‘ou
Graphical representation of the network’s stations
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Ta dedomËna pou lambànontai proc epexergas–a upàgontai stic parakàtw morfËc dedo-
mËnwn:

• Arqe–a RINEX: Gia kàje shme–o to dikt‘ou apaite–tai Ëna arqe–o RINEX me ta de-
domËna twn parathr†sewn. H dom† enÏc arqe–ou RINEX e–nai suggen†c me aut† twn
arqe–wn IONEX. Apotele–tai apÏ thn epikefal–da kai apÏ to kommàti twn dedomËnwn.
H onomatolog–a tou RINEX parapËmpei sto Ïnoma tou shme–ou, to opo–o katalam-
bànei tic pr∏tec jËseic sto Ïnoma tou arqe–ou, kai sthn hmeromhn–a pou aforo‘n
oi sugkekrimËnec parathr†seic, dhlad† thn hmËra tou Ëtouc (treic epÏmenec jËseic)
kai to Ëtoc (pr∏tec d‘o jËseic metà thn tele–a). 'Etsi, gia paràdeigma to arqe–o
me Ïnoma «bor10830.11o», e–nai arqe–o RINEX (katàlhxh .xxo), aforà se metr†seic
pou pragmatopoi†jhkan thn 83h hmËra tou 2011, kai e–nai to pr∏to arqe–o tou dËkth
gia th sugkekrimËnh hmeromhn–a, kàti to opo–o mpore– kane–c na to katalàbei apÏ to
“0” prin apÏ thn tele–a sto Ïnoma tou shme–ou. Sto format autÏ o qrÏnoc prosdio-
r–zetai me bàsh thc hmËrec tou Ëtouc, xekin∏ntac apÏ thn pr∏th mËra tou Genàrh,
qwr–c ousiastikà na upàrqei h Ënnoia thc ebdomàdac.

Ep–shc apaito‘ntai:

• .sp3 arqe–a: PrÏkeitai gia arqe–a troqi∏n akribe–ac. XarakthristikÏ thc sugke-
krimËnhc morf†c arqe–wn e–nai o upologismÏc twn diorj∏sewn twn rologi∏n twn
dorufÏrwn tautÏqrona me ton upologismÏ thc efhmer–dac. Gia tic efhmer–dec twn
dorufÏrwn, h anaz†thsh twn arqe–wn g–netai me bàsh thn ebdomàda GPS kai peri-
Ëqoun plhrofor–ec gia olÏklhrh thn ebdomàda.

• .erp arqe–a: Ta arqe–a autà e–nai ebdomadia–a kai periËqoun tic suntetagmËnec twn
pÏlwn sth diàrkeia thc hmËrac kai àlla stoiqe–a, Ïpwc to m†koc thc hmËrac. Gia na
anatrËxei kane–c sta arqe–a me touc pÏlouc, apaite–tai to format «GPS Week, Day
of Week». San aparq† twn qronik∏n metr†sewn gia to format autÏ e–nai h pr∏th
ebdomàda tou 1980.

To s‘nolo thc epexergas–ac Ëgine me to episthmonikÏ logismikÏ Bernese thc AIUB (Astro-
nomical Institute of the University of Bern). To prÏgramma autÏ epil‘ei me akr–beia GNSS
d–ktua ki parËqei th dunatÏthta elËgqou Ïlwn twn stad–wn thc ep–lushc. EpiplËon, d–nei
sto qr†sth th dunatÏthta na epilËxei tic mejÏdouc kai tic paramËtrouc pou exuphreto‘n
sthn ekàstote kampània. To prÏgramma qrhsimopoie–tai apÏ thn IGS kai thn EUREF.

4.2 HmËrec ep–lushc tou dikt‘ou

'Opwc Ëqei †dh dieukriniste–, o telikÏc skopÏc thc ergas–ac aut†c e–nai h paragwg† qar-
t∏n TEC gia thn ekt–mhsh thc ionÏsfairac pànw apÏ ton elladikÏ q∏ro. Gia to lÏgo
autÏ kr–jhke apara–thto na epiluje– to d–ktuo se diaforetikËc qronikËc periÏdouc – e-
poqËc, Ïpwc ep–shc kai gia suneqÏmenec hmËrec prokeimËnou na g–nei m–a Ïso to dunatÏn
sfairikÏterh prosËggish tou zht†matoc. 'Etsi, oi qàrtec TEC pou dhmiourg†jhkan d–noun
eikÏna thc ionÏsfairac gia Ïlec tic epoqËc tou qrÏnou.
Me bàsh ta parapànw, epilËqjhkan oi ex†c mËrec gia na epiluje– to d–ktuo:
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Year, Month, Day Modified Julian Day GPS Week, Day Year, Day of Year

2011, 1, 16 55577,5 1619, 0 2011 , 16
2011, 1, 17 55578,5 1619, 1 2011 , 17
2011, 1, 18 55579,5 1619, 2 2011, 18
2011, 1, 19 55580,5 1619, 3 2011, 19
2011, 1, 20 55581,5 1619, 4 2011, 20
2011, 1, 21 55582,5 1619, 5 2011, 21
2011, 1, 22 55583,5 1619, 6 2011, 22
2011, 1, 16 55667,5 1613, 6 2011, 106
2011, 4, 17 55668,5 1632, 0 2011, 107
2011, 4, 18 55669,5 1632, 1 2011, 108
2011, 4, 19 55670,5 1632, 2 2011, 109
2011, 4, 20 55671,5 1632, 3 2011, 110
2011, 4, 21 55672,5 1632, 4 2011, 111
2011, 4, 22 55673,5 1632, 5 2011, 112
2011, 4, 23 55674,5 1632, 6 2011, 113
2011, 7, 16 55758,5 1644, 6 2011, 197
2011, 7, 17 55759,5 1645, 0 2011, 198
2011, 7, 18 55760,5 1645, 1 2011, 199
2011, 7, 19 55761,5 1645, 2 2011, 200
2011, 7, 20 55762,5 1645, 3 2011, 201
2011, 7, 21 55763,5 1645, 4 2011, 202
2011, 7, 22 55764,5 1645, 5 2011, 203
2011, 10, 16 55850,5 1658, 0 2011, 289
2011, 10, 17 55851,5 1658, 1 2011, 290
2011, 10, 18 55852,5 1658, 2 2011, 291
2011, 10, 19 55853,5 1658, 3 2011, 292
2011, 10, 20 55584,5 1658, 4 2011, 293
2011, 10, 21 55855,5 1658, 5 2011, 294
2011, 10, 22 55856,5 1658, 6 2011, 295

P–nakac 4.1: HmËrec ep–lushc tou dikt‘ou
Days of the network’s solution

Ac shmeiwje– Ïti sto upologistikÏ peribàllon tou Bernese, h sumbatik† hmeromhn–a (Year,
Month, Day) mpore– na metatrape– se opoiod†pote àllh apÏ tic morfËc pou parajËtontai
kai na qrhsimopoihje– gia thn l†yh dedomËnwn apÏ to diad–ktuo.

4.3 Ulopo–hsh sust†matoc anaforàc

Gia ton upologismÏ twn suntetagmËnwn sto ITRF2005 s‘sthma anaforàc upolog–sth-
kan, oi suntetagmËnec twn stajer∏n shme–wn, oi opo–ec antikajisto‘n tic proswrinËc
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suntetagmËnec twn stajm∏n anaforàc prin thn telik† sunÏrjwsh tou dikt‘ou. H jËsh
twn stajer∏n shme–wn gia thn ekàstote trËqousa hmeromhn–a d–netai apÏ tic parakàtw
sqËseic:

X
telikÏ

= X
anaforàc

+ U
X

�t (9)

Y
telikÏ

= Y
anaforàc

+ Y
X

�t (10)

Z
telikÏ

= Z
anaforàc

+ Z
X

�t (11)

Ïpou �t = (TrËqousa Qronolog–a dekadikÏc) - (Qronolog–a Anaforàc)

Me bàsh tic sqËseic autËc prosdior–sthke h jËsh twn stajm∏n anaforàc gia to s‘nolo
twn hmer∏n pou parajËtontai ston p–naka 4.1. O p–nakac me tic telikËc suntetagmËnec
twn stajm∏n anaforàc qàrin oikonom–ac q∏rou parat–jetai sto paràrthma thc ergas–ac.
Endeiktikà, parousiàzetai h ulopo–hsh tou sust†matoc anaforàc thn «2011, 16» hmËra
(P–nakac 4.2).
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StajmÏc X
anaforàc

Y
anaforàc

Z
anaforàc

UX UY UZ X
telikÏ

Y
telikÏ

Z
telikÏ

NICO 4359415,8038 2874117,0120 3650777,7578 -0,0183 0,0108 0,0125 4359415,6017 2874117,1313 3650777,8958
NOT1 4934546,3174 1321264,9237 3806456,0422 -0,0175 0,0172 0,0155 4934546,1241 1321265,1137 3806456,2134
MATE 4641949,6474 1393045,3337 4133287,3848 -0,0179 0,0188 0,0155 4641949,4497 1393045,5413 4133287,5560
ZIMM 4331297,1313 567555,7888 4633133,8719 -0,0126 0,0181 0,0127 4331296,9921 567555,9887 4633134,0122
WTZR 4075580,6330 931853,7122 4801568,0814 -0,0151 0,0173 0,0114 4075580,4662 931853,9033 4801568,2073
BOR1 3738358,5406 1148173,6330 5021815,7271 -0,0167 0,0156 0,0095 3738358,3562 1148173,8053 5021815,8320
PENC 4052449,5643 1417681,0410 4701407,0569 -0,0179 0,0172 0,0094 4052449,3666 1417681,2310 4701407,1607
BUCU 4093760,9462 2007793,7185 4445129,9154 -0,0173 0,0171 0,0099 4093760,7551 2007793,9073 4445130,0247
ISTA 4208830,3864 2334850,2025 4171267,1989 -0,0170 0,0197 0,0090 4208830,1987 2334850,4201 4171267,2983
GLSV 3512889,0548 2068979,8070 4888903,1639 -0,0194 0,0141 0,0083 3512888,8405 2068979,9627 4888903,2556

P–nakac 4.2: Ulopo–hsh sust†matoc anaforàc thn hmËra «2011, 16»
Shmei∏netai Ïti gia to sugkekrimËno paràdeigma: «TrËqousa Qronolog–a» = 2011,16 «TrËqousa Qronolog–a dekadikÏc» = 2011,043836
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4.4 Epexergas–a Dikt‘ou

'Eqontac diajËsima ta arqe–a pou proanafËrjhkan (Ëna RINEX gia kàje shme–o, Ëna hme-
r†sio .sp3 arqe–o me tic efhmer–dec twn GNSS dorufÏrwn kai Ëna ebdomadia–o .erp arqe–o
gia touc pÏlouc) epil‘jhke to d–ktuo, prokeimËnou na upologiste– me akr–beia h jËsh twn
àgnwstwn shme–wn. H diadikas–a thc ep–lushc pragmatopoie–tai sto episthmonikÏ pakËto
Bernese. To kr–simo shme–o gia th melËth thc ionÏsfairac †tan h epituq†c epexergas–a
twn metr†sewn fàshc kai idia–tera h epituqhmËnh ep–lush twn asafei∏n. Exasfal–zontac
ta parapànw mporo‘n na paraqjo‘n ionosfairiko– qàrtec me kal† akr–beia TECU.
Ta stàdia thc diadikas–a pou akolouj†jhke perigràfontai sunoptikà parakàtw:

• Dhmiourg–a kampàniac gia thn epexergas–a twn dedomËnwn gia kàje m–a mËra xeqw-
ristà.

• Eisagwg† twn dedomËnwn arqe–wn thc hmËrac sth nËa kampània.

• OrismÏc sto prÏgramma thc hmeromhn–ac gia thn opo–a g–netai h epexergas–a.

• Metatrop† twn RINEX arqe–wn se format tou Bernese, Ïpou kai apÏ to prÏgramma
paràgontai xeqwristà arqe–a me ton k∏dika kai th fàsh gia kàje stajmÏ.

• Proetoimas–a twn plhrofori∏n gia touc pÏlouc kai metatrop† twn .erp arqe–wn se
format tou Bernese.

• P‘knwsh twn troqi∏n anà triànta deuterÏlepta kai exagwg† twn diorj∏sewn twn
rologi∏n twn dorufÏrwn. 'Etsi, dhmiourge–tai Ëna arqe–o me tic nËec troqiËc (.tab)
kai Ëna me plhrofor–ec gia ta rolÏgia twn dorufÏrwn (.clk).

• DiÏrjwsh twn rologi∏n twn dekt∏n.

• Dhmiourg–a twn bàsewn tou dikt‘ou, epilËgontac ton algÏrijmo «shortest», Ïpou oi
bàseic dhmiourgo‘ntai me gn∏mona thn mikrÏterh apÏstash metax‘ twn shme–wn. Sto
stàdio autÏ ousiastikà upolog–zontai oi aplËc diaforËc twn shme–wn me th mËjodo
OBS-MAX. Ja prËpei na shmeiwje– ed∏ Ïti kaj∏c epidi∏qjhke na e–nai anexàrthth h
epexergas–a twn bàsewn, o arijmÏc twn bàsewn e–nai me bàsh twn kanÏna n-1, Ïpou n
o arijmÏc twn bàsewn. Sthn sugkekrimËnh per–ptwsh oi bàseic pou dhmiourgo‘ntai
e–nai 14-1=13. 'Etsi, dhmiourgo‘ntai oi dekatre–c bàseic pou parousiàzontai ston
p–naka 4.3, oi opo–ec anaparist∏ntai kai grafikà sthn Sq†ma 15.

• Proepexergas–a thc fàshc (Edàfio 3.5), Ïpou entop–zontai kai apale–fontai ta qon-
droeid† sfàlmata kai g–netai entopismÏc kai diÏrjwsh twn apwlei∏n k‘klwn. Sto
stàdio autÏ, se Ïpoiec bàseic diapist∏jhkan megàla upÏloipa, afairËjhkan kai h
epexergas–a tou dikt‘ou xek–nhse aparq†c. TËtoia per–ptwsh apotËlese h kampània
dip018, pou antistoiqe– sthn hmËra «2011, 018» (edàfio 4.4.4).

• Ekt–mhsh twn troposfairik∏n diorj∏sewn kai dhmiourg–a tou arqe–o .trp.
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A/A
Bàshc Stajmo–

1 BOR1 - WTZR
2 BUCU - DUTH
3 BUCU - GLKV
4 BUCU - PENC
5 DUTH - KASI
6 DUTH - PRKV
7 ISTA - NICO
8 ISTA - PRKV
9 KASI - MATE
10 MATE - NOT1
11 PENC - WTZR
12 PRKV - TUC2
13 WTZR - ZIMM

P–nakac 4.3: Oi bàseic tou dikt‘ou
The network’s bases

• Ekt–mhsh twn ionosfairik∏n kajuster†sewn gia bàseic megal‘terec twn 400 km me
paragwg† tou arqe–ou .ion.

• Ep–lush twn asafei∏n fàshc qrhsimopoi∏ntac twn algÏrijmo QIF (Edàfio 3.5.1).

• Dhmiourg–a twn kanonik∏n exis∏sewn (.nqo) gia th sunÏrjwsh tou dikt‘ou.

• SunÏrjwsh kai exagwg† twn telik∏n apotelesmàtwn, dhlad† twn suntetagmËnwn
tou topiko‘ dikt‘ou.

• TelikÏ paràgwgo thc diadikas–ac e–nai ionosfairiko– qàrtec (.inx) lambànontac u-
pÏyh kai ta sfàlmata mh sugqronismo‘ twn P1 kai C1 .(dcb).

Ac shmeiwje– ed∏ Ïti h diadikas–a epanal†fjhke kai gia tic hmËrec se diaforetikËc kam-
pàniec. EpiplËon, san proswrinËc suntetagmËnec twn shme–wn se kàje kampània qrhsi-
mopoi†jhkan oi telikËc suntetagmËnec thc prohgo‘men†c thc, me exa–resh thn pr∏th kam-
pània, sthn opo–a par†qjhsan proswrinËc suntetagmËnec mËsa apÏ th –dia thn epexergas–a
tou dikt‘ou.
Parakàtw parousiàzontai analutikà orismËna stàdia thc epexergas–a pou kr–netai Ïti
Ëqoun idia–terh shmas–a gia thn poiÏthta twn epil‘sewn tou dikt‘ou.

4.4.1 Ep–lush asafei∏n

'Enac pol‘ kalÏc kai axiÏpistoc de–kthc gia thn poiÏthta thc l‘shc e–nai to posostÏ
ep–lushc twn asafei∏n. Sthn paro‘sa ergas–a to posostÏ ep–lushc asafei∏n apÏ to opo–o
kai pànw jewre–tai apodekt† h ep–lush e–nai sto 70%. Ston parakàtw p–naka (P–nakac 4.4)
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parousiàzontai oi mËsoi Ïroi twn posost∏n ep–lushc twn asafei∏n twn bàsewn gia Ïlec
tic hmËrec epexergas–ac, en∏ sto paràjema upàrqoun analutiko– p–nakec me ta posostà
ep–lushc Ïlwn twn bàsewn gia Ïlec tic hmËrec. 'Opwc parathre–tai, ta posostà ep–lushc
twn asafei∏n thc fàshc sth megàlh pleioyhf–a twn kampani∏n e–nai arketà ikanopoihtikà.
AutÏ apotele– idia–tera enjarruntikÏ stoiqe–o gia thn poiÏthta thc ep–lushc tou dikt‘ou
kai thn akr–beia twn telik∏n suntetagmËnwn twn shme–wn tou topiko‘ dikt‘ou.

HmËra Mesostajmik†
epexergas–ac ep–lush asafei∏n (%)

2011, 108 92,69
2011, 109 93,52
2011, 110 92,33
2011, 111 0,00
2011, 112 92,35
2011, 113 93,63
2011, 197 88,87
2011, 198 88,36
2011, 199 86,31
2011, 200 87,42
2011, 201 86,09
2011, 202 88,60
2011, 203 90,07
2011, 289 89,34
2011, 290 90,69
2011, 291 90,80
2011, 292 0,00
2011, 293 89,69

P–nakac 4.4: Mesostajmik† prosËggish thc ep–lushc twn
asafei∏n anà hmËra

Weighted average of the ambiguities’ solution by day

Parà ta‘ta, sthn prospàjeia ep–lushc diapist∏jhkan kai orismËna probl†mata se kàpoiec
kampàniec, ta opo–a sqet–zontai kur–wc me th poiÏthta twn arqik∏n dedomËnwn gia ton
ekàstote stajmÏ. Sta probl†mata autà g–netai ektenËsterh anaforà sthn edàfio 4.4.4.

4.4.2 TelikËc suntetagmËnec

Stouc parakàtw p–nakec parajËtontai oi suntetagmËnec Ïlwn twn shme–wn tou dikt‘ou
stic tËsseric autËc hmËrec sto S‘sthma Anaforàc ITRF2005, Ïpwc autËc proËkuyan
apÏ th sunÏrjwsh twn dikt‘wn, katà thn opo–a oi stajmo– anaforàc exanagkàzontai se
stajeropo–hsh.
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Shme–o X (m) Y (m) Z (m)

DUTH 4362689,681 2026648,231 4174234,345
KASI 4616572,562 1674415,583 4056441,315
PRKV 4435581,305 2188830,500 4013585,920
TUC2 4744543,832 2119411,980 3686258,817

P–nakac 4.5: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
016

Coordinates of the network’s stations at day 016

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,675 2026648,223 4174234,335
KASI 4616572,563 1674415,577 4056441,310
PRKV 4435581,306 2188830,490 4013585,906
TUC2 4744543,836 2119411,974 3686258,807

P–nakac 4.6: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
017

Coordinates of the network’s stations at day 017

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,728 2026648,231 4174234,292
KASI 4616572,617 1674415,589 4056441,270
PRKV 4435581,358 2188830,504 4013585,868
TUC2 4744543,887 2119411,984 3686258,767

P–nakac 4.7: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
018

Coordinates of the network’s stations at day 018

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,672 2026648,223 4174234,334
KASI 4616572,564 1674415,578 4056441,313
PRKV 4435581,307 2188830,496 4013585,914
TUC2 4744543,829 2119411,972 3686258,806

P–nakac 4.8: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
019

Coordinates of the network’s stations at day 019
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Shme–o X (m) Y (m) Z (m)

DUTH 4362689,673 2026648,223 4174234,335
KASI 4616572,562 1674415,578 4056441,313
PRKV 4435581,302 2188830,493 4013585,909
TUC2 4744543,830 2119411,972 3686258,806

P–nakac 4.9: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
020

Coordinates of the network’s stations at day 020

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,675 2026648,223 4174234,335
KASI 4616572,561 1674415,577 4056441,312
PRKV 4435581,305 2188830,493 4013585,911
TUC2 4744543,828 2119411,972 3686258,805

P–nakac 4.10: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
021

Coordinates of the network’s stations at day 021

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,675 2026648,224 4174234,336
KASI 4616572,561 1674415,580 4056441,315
PRKV 4435581,309 2188830,497 4013585,915
TUC2 4744543,842 2119411,979 3686258,811

P–nakac 4.11: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
022

Coordinates of the network’s stations at day 022
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Shme–o X (m) Y (m) Z (m)

DUTH 4362689,671 2026648,227 4174234,338
KASI 4616572,556 1674415,581 4056441,311
PRKV 4435581,304 2188830,496 4013585,911
TUC2 4744543,833 2119411,975 3686258,805

P–nakac 4.12: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
107

Coordinates of the network’s stations at day 107

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,668 2026648,225 4174234,335
KASI 4616572,559 1674415,582 4056441,313
PRKV 4435581,304 2188830,496 4013585,911
TUC2 4744543,831 2119411,976 3686258,805

P–nakac 4.13: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
108

Coordinates of the network’s stations at day 108

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,672 2026648,227 4174234,337
KASI 4616572,557 1674415,581 4056441,310
PRKV 4435581,302 2188830,495 4013585,908
TUC2 4744543,829 2119411,975 3686258,802

P–nakac 4.14: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
109

Coordinates of the network’s stations at day 109
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Shme–o X (m) Y (m) Z (m)

DUTH 4362689,672 2026648,227 4174234,339
KASI 4616572,557 1674415,582 4056441,312
PRKV 4435581,300 2188830,497 4013585,909
TUC2 4744543,826 2119411,974 3686258,802

P–nakac 4.15: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
110

Coordinates of the network’s stations at day 110

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,666 2026648,225 4174234,334
KASI 4616572,556 1674415,581 4056441,312
PRKV 4435581,303 2188830,496 4013585,911
TUC2 4744543,832 2119411,978 3686258,803

P–nakac 4.16: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
112

Coordinates of the network’s stations at day 112

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,663 2026648,225 4174234,332
KASI 4616572,554 1674415,582 4056441,310
PRKV 4435581,298 2188830,496 4013585,909
TUC2 4744543,826 2119411,976 3686258,802

P–nakac 4.17: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
113

Coordinates of the network’s stations at day 113
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Shme–o X (m) Y (m) Z (m)

DUTH 4362689,660 2026648,231 4174234,333
KASI 4616572,554 1674415,580 4056441,311
PRKV 4435581,297 2188830,495 4013585,904
TUC2 4744543,823 2119411,978 3686258,791

P–nakac 4.18: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
197

Coordinates of the network’s stations at day 197

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,666 2026648,235 4174234,337
KASI 4616572,561 1674415,584 4056441,314
PRKV 4435581,302 2188830,497 4013585,908
TUC2 4744543,818 2119411,978 3686258,786

P–nakac 4.19: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
198

Coordinates of the network’s stations at day 198

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,668 2026648,234 4174234,339
KASI 4616572,560 1674415,584 4056441,313
PRKV 4435581,308 2188830,500 4013585,913
TUC2 4744543,827 2119411,980 3686258,796

P–nakac 4.20: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
199

Coordinates of the network’s stations at day 199
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Shme–o X (m) Y (m) Z (m)

DUTH 4362689,663 2026648,225 4174234,332
KASI 4616572,554 1674415,582 4056441,310
PRKV 4435581,298 2188830,496 4013585,909
TUC2 4744543,826 2119411,976 3686258,802

P–nakac 4.21: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
200

Coordinates of the network’s stations at day 200

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,671 2026648,237 4174234,342
KASI 4616572,546 1674415,575 4056441,303
TUC2 4744543,834 2119411,982 3686258,798

P–nakac 4.22: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
201

Coordinates of the network’s stations at day 201

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,671 2026648,237 4174234,342
KASI 4616572,546 1674415,575 4056441,303
TUC2 4744543,834 2119411,982 3686258,798

P–nakac 4.23: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
202

Coordinates of the network’s stations at day 202
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Shme–o X (m) Y (m) Z (m)

DUTH 4362689,663 2026648,234 4174234,335
KASI 4616572,556 1674415,581 4056441,315
PRKV 4435581,303 2188830,497 4013585,909
TUC2 4744543,828 2119411,980 3686258,799

P–nakac 4.24: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
203

Coordinates of the network’s stations at day 203

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,660 2026648,234 4174234,336
KASI 4616572,553 1674415,590 4056441,319
PRKV 4435581,305 2188830,497 4013585,910
TUC2 4744543,826 2119411,977 3686258,791

P–nakac 4.25: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
289

Coordinates of the network’s stations at day 289

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,657 2026648,233 4174234,338
KASI 4616572,553 1674415,589 4056441,316
PRKV 4435581,302 2188830,496 4013585,907
TUC2 4744543,832 2119411,979 3686258,794

P–nakac 4.26: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
290

Coordinates of the network’s stations at day 290
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Shme–o X (m) Y (m) Z (m)

DUTH 4362689,662 2026648,236 4174234,337
KASI 4616572,554 1674415,588 4056441,316
PRKV 4435581,302 2188830,497 4013585,906
TUC2 4744543,834 2119411,979 3686258,794

P–nakac 4.27: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
291

Coordinates of the network’s stations at day 291

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,662 2026648,236 4174234,338
KASI 4616572,555 1674415,590 4056441,317
PRKV 4435581,300 2188830,496 4013585,905
TUC2 4744543,833 2119411,979 3686258,793

P–nakac 4.28: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
292

Coordinates of the network’s stations at day 292

Shme–o X (m) Y (m) Z (m)

DUTH 4362689,660 2026648,235 4174234,338
KASI 4616572,560 1674415,593 4056441,320
PRKV 4435581,302 2188830,497 4013585,909
TUC2 4744543,831 2119411,980 3686258,795

P–nakac 4.29: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
294

Coordinates of the network’s stations at day 294
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Shme–o X (m) Y (m) Z (m)

DUTH 4362689,659 2026648,234 4174234,338
KASI 4616572,555 1674415,591 4056441,319
PRKV 4435581,308 2188830,501 4013585,914
TUC2 4744543,832 2119411,981 3686258,793

P–nakac 4.30: SuntetagmËnec twn shme–wn tou dikt‘ou thn hmËra
295

Coordinates of the network’s stations at day 295

4.4.3 Exagwg† arqe–wn IONEX

Sto teleuta–o stàdio thc ep–lushc ex†qjhsan ta arqe–a IONEX, gia th qrhsimÏthta twn
opo–wn Ëgine lÏgoc sto edàfio 2.5. Ta arqe–a autà par†qjhsan sto episthmonikÏ logismi-
kÏ pakËto tou Bernese qrhsimopoi∏ntac to prÏgramma GPSEst. Gia thn paragwg† twn
arqe–wn e–shqjhsan san dedomËna sto prÏgramma oi telikËc sunorjwmËnec suntetagmËnec
twn shme–wn tou dikt‘ou, o k∏dikac (.psh), ta arqe–a me tic troqiËc twn dorufÏrwn (.std)
kai tic plhrofor–ec gia touc pÏlouc (.erp) kai to arqe–o me tic timËc twn sfalmàtwn mh
sugqronismo‘ twn P1 kai P1 (.dcb). H epexergas–a g–netai sthn L4 suqnÏthta. Sthn e-
nÏthta 5 parajËtontai analutikà ta apotelËsmata aut†c thc diadikas–ac gia Ïlec tic hmËrec
epexergas–ac tou dikt‘ou.

4.4.4 Probl†mata katà thn ep–lush

Sto edàfio aut† perigràfontai ta diàfora probl†mata pou emfan–sthkan katà thn epexer-
gas–a twn diafÏrwn kampani∏n kai o trÏpoc pou autà antimetwp–sthkan.

• Gia tic hmËrec «2011, 201» kai «2011,202» den brËjhkan arqe–a me parathr†seic
gia ton stajmÏ «PRKV». AutÏ e–qe wc sunËpeia stic kampàniec twn hmer∏n aut∏n,
to d–ktuo na e–nai dekatri∏n stajm∏n kai to topikÏ d–ktuo na apotele–tai apÏ tr–a
shme–a.

• Thn hmËra 018 diapist∏jhkan sto stàdio thc epexergas–ac thc fàshc megàla u-
pÏloipa twn bàsewn «BUCU-GLSV», «BUCU-PENC», «BUCU-DUTH», «ISTA-
NICO» kai «KASI-MATE». 'Etsi, apofas–sthke na afairejo‘n oi bàseic autËc kai
na epiluje– to d–ktuo na lhfjo‘n upÏyhn. 'Etsi, o susqetismÏc twn stajm∏n sth
sugkekrimËnh kampània (dip018) e–nai o ex†c:

• Sto stàdio thc ep–lushc twn asafei∏n up†rxan orismËna probl†mata se kàpoiec
kampàniec, ta opo–a sqet–zontai kur–wc me th poiÏthta twn arqik∏n dedomËnwn gia
ton ekàstote stajmÏ. 'Etsi, en∏ o mËsoc Ïroc twn posost∏n ep–lushc gia thn hmËra
«2011, 106» upodeikn‘ei ikanopoihtik† ep–lush tou dikt‘ou, sthn pragmatikÏthta h
ep–lush twn asafei∏n thc bàshc 10 (MATE - NOT1) apËtuqe se posostÏ 42,5%.
AutÏ e–qe wc apotËlesma na epiluje– to d–ktuo exarq†c qwr–c ton stajmÏ «MATE».
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A/A
Bàshc Stajmo–

1 BOR1 - WTZR
2 DUTH - KASI
3 DUTH - PRKV
4 ISTA - PRKV
5 MATE - NOT1
6 PENC - WTZR
7 PRKV - TUC2
8 WTZR - ZIMM

P–nakac 4.31: Oi bàseic tou dikt‘ou thn hmËra «2011, 018»
The bases of the network at the ((2011, 018))

O p–nakac 4.32 periËqei thn ep–lush twn asafei∏n tou nËou dikt‘ou gia thn hmËra
«2011, 106» pou apotele–tai apÏ dekatre–c stajmo‘c kai kat’ epËktash d∏deka bàseic
(kampània «dip106b»).

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 8 96 8,33 91,67
2 BUCU - DUTH 6 94 6,38 93,62
3 BUCU - GLSV 2 92 2,17 97,83
4 BUCU - PENC 4 92 4,35 95,65
5 DUTH - KASI 4 88 4,55 95,45
6 DUTH - PRKV 10 110 9,09 90,91
7 ISTA - NICO 10 94 10,64 89,36
8 ISTA - PRKV 12 108 11,11 88,89
9 KASI - MATE 8 94 8,51 91,49
10 MATE - NOT1 231 400 57,75 42,25
11 PENC - WTZR 6 94 6,38 93,62
12 PRKV - TUC2 10 108 9,26 90,74
13 WTZR - ZIMM 8 92 8,7 91,3

P–nakac 4.32: Ep–lush asafei∏n gia thn hmËra «2011, 106»
Ambiguities’ solution for the day ((2011, 106))

'Opwc mpore– kane–c na diapist∏sei ston p–naka 4.33 kai h nËa prospàjeia ep–lushc
tou dikt‘ou apËtuqe, afo‘ sth bàsh «KASI-NOT1» den epil‘ontai oi asàfeiec se
posostÏ 48,7%. 'Etsi, apofas–sthke na mhn epiluje– to d–ktuo gia thn hmËra «2011,
106».

Antisto–qwc, gia tic hmËrec «2011, 111» kai «2011, 293», Ïpwc fa–netai kai ston
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A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 8 96 8,33 91,67
2 BUCU - DUTH 4 94 4,26 95,74
3 BUCU - GLSV 4 92 4,35 95,65
4 BUCU - PENC 2 92 2,17 97,83
5 DUTH - KASI 4 88 4,55 95,45
6 DUTH - PRKV 10 110 9,09 90,91
7 ISTA - NICO 10 94 10,64 89,36
8 ISTA - PRKV 10 108 9,26 90,74
9 KASI - NOT1 187 384 48,7 51,3
10 PENC - PRKV 2 94 2,13 97,87
11 PRKV - TUC2 6 108 5,56 94,44
12 WTZR - ZIMM 8 92 8,7 91,3

P–nakac 4.33: Ep–lush asafei∏n gia thn hmËra «2011, 106»
qwr–c ton stajmÏ «MATE»

Ambiguities’ solution for the day ((2011, 106)) without
including the station ((MATE))

p–naka 4.4, oi asàfeiec den epil‘jhkan gia kam–a apÏ tic sqhmatismËnec bàseic. AutÏ
ofe–letai kur–wc sthn kak† poiÏthta twn arqik∏n dedomËnwn gia tic hmËrec autËc.
Gia tic hmËrec autËc den pragmatopoi†jhke peraitËrw epexergas–a tou dikt‘ou.
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5 ApotelËsmata IONEX

To kefàlaio autÏ apotele– –swc to shmantikÏtero kommàti thc ergas–ac, kaj∏c se autÏ
g–netai mia prospàjeia na katagrafo‘n kai na axiologhjo‘n ta IONEX apotelËsmata pou
par†qjhsan apÏ thn epexergas–a pou perigràfhke sto kefàlaio 4.

5.1 Genikà

To teleuta–o stàdio thc epexergas–ac twn dedomËnwn sto episthmonikÏ pakËto Bernese,
aforà sth dhmiourg–a arqe–wn IONEX. Ta arqe–a autà, Ïpwc Ëqei †dh epishmanje–, a-
potelo‘ntai apÏ qàrtec me tic timËc thc periektikÏthtac thc ionÏsfairac se hlektrÏnia
ekfrasmËnec se Ënan pagkÏsmio gewmetrikÏ kànabo. Ta arqe–a auta paràqjhkan gia kàje
m–a apÏ tic hmËrec epexergas–ac, lambànontac upÏyh ta sfàlmata mh sugqronismo‘ tou
k∏dika P1 me ton P2 kai tic sunorjwmËnec plËon suntetagmËnec tou dikt‘ou. Ta arqe–a
periËqoun TEC qàrtec anà d‘o ∏rec gia olÏklhro to eikositetràwro. Sunep∏c, sunolikà
paràgontai dekatre–c qàrtec pou prosarmÏzontai katà to dunatÏ kal‘tera ston elladikÏ
q∏ro kai gia tic eikosiËxi hmËrec gia tic opo–ec oloklhr∏jhke h diadikas–a thc sunÏrjw-
shc tou dikt‘ou. Ta arqe–a me touc qàrtec episunàptontai sto cd thc ergas–ac. H tim†
TEC “9999”, pou emfan–zetai se orismËna shme–a tou kanàbou, upodhl∏nei thn adunam–a
prosdiorismo‘ twn hlektron–wn sta shme–a autà, kur–wc lÏgw thc apÏstas†c touc apÏ to
d–ktuo twn GNSS stajm∏n me bàsh to opo–o paràqjhkan ta IONEX.

5.2 Anàlush twn apotelesmàtwn

ProkeimËnou na mporËsei na g–nei anàlush twn apotelesmàtwn twn arqe–wn epilËqjhkan
pËnte shme–a perimetrikà katanemhmËna sthn Ellàda. O p–nakac 5.1 aforà sth jËsh twn
shme–wn aut∏n, en∏ sto sq†ma 16 shmei∏netai h jËsh touc pànw se disdiàstato qàrth gia
kal‘terh epoptik† katanÏhsh.

'Onoma shme–ou f (�) l (�) H (m)

1 42,5 25 450
2 35 25 450
3 40 25 450
4 37,5 20 450
5 40 20 450

P–nakac 5.1: Shme–a elËgqou apotelesmàtwn
Control points

Sta parakàtw diagràmmata (Sq†ma 17 Ëwc Sq†ma 42) diafa–nontai se TECU h posÏthta
E (Edàfio 2.4.1) twn shme–wn aut∏n kaj’ Ïlh th diàrkeia thc hmËrac kai gia tic eikosiËxi
antiproswpeutikËc hmeromhn–ec. Ac shmeiwje–, Ïti, Ïpwc fa–netai kai sta diagràmmata h
∏ra twn parathr†sewn e–nai UTC (Coordinated Universal Time). EpiplËon, dhmiourg†jh-
kan p–nakec (P–nakac 5.2 - P–nakac 5.27) me statistikà stoiqe–a thc «sumperiforàc thc
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Sq†ma 16: Shme–a elËgqou pànw sto qàrth thc Ellàdac
Control points arranged onto the greek map
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Sq†ma 17: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
16

TEC chart of the 1-5 points on the day 16

ionÏsfairac» gia ta shme–a autà. H mËsh tim† se TECU gia to ekàstote shme–o mËsa sto
eikositetràwro mpore– na apotelËsei antiproswpeutikÏ mËgejoc gia thn katàstash thc
ionÏsfairac sthn egg‘ perioq† tou shme–ou. Ta shme–a autà, Ïpwc kai ta upÏloipa shme–a
twn qart∏n TEC pou Ëqoun paraqje–, br–skontai sthn z∏nh F thc ionÏsfairac, kaj∏c Ïla
ta shme–a twn qart∏n Ëqoun stajerÏ uyÏmetro sta 450m (oi qàrtec e–nai disdiàstatoi).

HmËra 016 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 5,4 4,9 5,4 5,6 5,5
MËgisth 13,2 13,8 13,3 13,4 13,3
MËsh 8,26 7,81 8,09 8,01 8,18

P–nakac 5.2: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 016)
Statistics of the 1-5 points on the day 016
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Sq†ma 18: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
17

TEC chart of the 1-5 points on the day 17

HmËra 017 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 2,6 1 2,2 2,3 2,7
MËgisth 12,4 13,9 13,1 12,9 12,4
MËsh 6,81 5,98 6,7 6,58 6,8

P–nakac 5.3: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 017)
Statistics of the 1-5 points on the day 017
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Sq†ma 19: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
18

TEC chart of the 1-5 points on the day 18

HmËra 018 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 5,3 5,5 5,4 5,6 5,5
MËgisth 14,6 17 15,6 15,5 14,8
MËsh 8,53 8,63 8,6 8,58 8,58

P–nakac 5.4: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 018)
Statistics of the 1-5 points on the day 018
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Sq†ma 20: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
19

TEC chart of the 1-5 points on the day 19

HmËra 019 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 3,2 2,4 3,1 2,9 3,1
MËgisth 12,9 14 13,3 13,4 12,9
MËsh 6,64 6,53 6,68 6,62 6,65

P–nakac 5.5: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 019)
Statistics of the 1-5 points on the day 019

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 77 DekËmbrioc 2013

0,00#

10,00#

20,00#

30,00#

40,00#

50,00#

60,00#

00,00# 02,00# 04,00# 06,00# 08,00# 10,00# 12,00# 14,00# 16,00# 18,00# 20,00# 22,00# 24,00#

TE
CU

%

Coordinated%Universal%Time%

Ημέρα%20%

Σημείο#1#
Σημείο#3#
Σημείο#5#
Σημείο#4#
Σημείο#2#

Sq†ma 21: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
20

TEC chart of the 1-5 points on the day 20

HmËra 020 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 3,4 2,3 3,1 3 3,3
MËgisth 9,3 11 9,9 9,9 9,2
MËsh 5,46 5,48 5,53 5,55 5,51

P–nakac 5.6: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 020)
Statistics of the 1-5 points on the day 020
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Sq†ma 22: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
21

TEC chart of the 1-5 points on the day 21

HmËra 021 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 2,8 2,2 2,8 2,6 2,7
MËgisth 11,7 14,3 12,5 13,5 12,6
MËsh 6,12 6,43 6,3 6,37 6,23

P–nakac 5.7: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 021)
Statistics of the 1-5 points on the day 021
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Sq†ma 23: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
22

TEC chart of the 1-5 points on the day 22

HmËra 22 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 1,1 1,1 1,2 1,2 1,2
MËgisth 11,5 12,8 12 12,4 12
MËsh 5,56 5,73 5,71 5,76 5,68

P–nakac 5.8: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 022)
Statistics of the 1-5 points on the day 022

Ta pr∏ta eptà diagràmmata (Sq†ma 17 wc Sq†ma 23) aforo‘n sthn pr∏th ebdomàda apÏ
tic tËsseric ebdomàdec epexergas–ac, pou topojete–tai qronikà sto qeim∏na. H ionÏsfaira
Ëqei qamhl† periektikÏthta se iÏnta thn per–odo aut† kai Ëqei pol‘ mikrËc diakumànseic
kaj’ Ïlh th diàrkeia thc hmËrac, pràgma anamenÏmeno gia thn epoq†. Oi mËgistec timËc
parathro‘ntai g‘rw stic 8:00 to prw– se UTC.
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Sq†ma 24: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
107

TEC chart of the 1-5 points on the day 107

HmËra 108 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 6,9 7 7 7 6,9
MËgisth 32,4 43,4 35,6 37,6 34,2
MËsh 18,44 21,67 19,39 20,02 19,01

P–nakac 5.9: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 107)
Statistics of the 1-5 points on the day 107

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 81 DekËmbrioc 2013

0,00#

10,00#

20,00#

30,00#

40,00#

50,00#

60,00#

00,00# 02,00# 04,00# 06,00# 08,00# 10,00# 12,00# 14,00# 16,00# 18,00# 20,00# 22,00# 24,00#

TE
CU

%

Coordinated%Universal%Time%

Ημέρα%108%

Σημείο#1#
Σημείο#3#
Σημείο#5#
Σημείο#4#
Σημείο#2#

Sq†ma 25: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
108

TEC chart of the 1-5 points on the day 108

HmËra 108 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 8,5 8,2 8,5 8,7 8,7
MËgisth 31 38,8 33,1 34,9 32,4
MËsh 18,15 19,75 18,69 19,02 18,49

P–nakac 5.10: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 108)
Statistics of the 1-5 points on the day 108
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Sq†ma 26: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
109

TEC chart of the 1-5 points on the day 109

HmËra 109 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 10,2 10,1 10,4 10,8 10,7
MËgisth 32,9 42 35,5 37,5 34,7
MËsh 18,78 20,78 19,36 19,75 19,12

P–nakac 5.11: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 109)
Statistics of the 1-5 points on the day 109
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Sq†ma 27: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
110

TEC chart of the 1-5 points on the day 110

HmËra 110 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 6,7 6,9 6,7 6,7 6,7
MËgisth 34,8 43,4 37,2 38,8 36,5
MËsh 20,15 21,74 20,57 20,88 20,45

P–nakac 5.12: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 110)
Statistics of the 1-5 points on the day 110
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Sq†ma 28: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
112

TEC chart of the 1-5 points on the day 112

HmËra 112 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 2,3 1 1,9 1,8 2,2
MËgisth 34,3 44,7 37,1 39,6 36,3
MËsh 17,26 20,15 18,1 18,75 17,84

P–nakac 5.13: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 112)
Statistics of the 1-5 points on the day 112
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Sq†ma 29: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
113

TEC chart of the 1-5 points on the day 113

HmËra 113 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 6,2 6,6 6,4 6,6 6,4
MËgisth 30,5 37,6 32,3 33,9 31,9
MËsh 16,88 19,33 17,66 18,12 17,35

P–nakac 5.14: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 113)
Statistics of the 1-5 points on the day 113

H ebdomàda aut†, pou an†kei sthn ànoixh, parousiàzei Ëntonec diakumànseic katà th diàr-
keia tou eikositetra∏rou, kai autÏ epibebai∏netai apÏ to Ïti mËsa se Ëna eikositetràwro
h elàqisth tim† E e–nai shmantikà mikrÏterh apÏ thn mËgisth tim† gia Ïla ta shme–a. Oi
mËgistec timËc parathro‘ntai apÏ tic 10:00 wc tic 12:00.
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Sq†ma 30: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
197

TEC chart of the 1-5 points on the day 197

HmËra 197 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 3,4 1,3 2,7 2,3 2,9
MËgisth 21,5 21,6 21,7 21,3 21,4
MËsh 13,79 13,64 13,73 13,74 13,82

P–nakac 5.15: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 197)
Statistics of the 1-5 points on the day 197
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Sq†ma 31: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
198

TEC chart of the 1-5 points on the day 198

HmËra 198 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 5,3 2,4 4,3 3,8 4,7
MËgisth 24,2 27,5 25,1 25,9 24,9
MËsh 15,51 15,11 15,3 15,25 15,42

P–nakac 5.16: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 198)
Statistics of the 1-5 points on the day 198
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Sq†ma 32: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
199

TEC chart of the 1-5 points on the day 199

HmËra 199 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 5,3 4,2 4,7 4,8 5,2
MËgisth 26,9 32,9 28,4 29 27,6
MËsh 14,98 16,15 15,2 15,39 15,12

P–nakac 5.17: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 199)
Statistics of the 1-5 points on the day 199
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Sq†ma 33: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
200

TEC chart of the 1-5 points on the day 200

HmËra 200 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 5,9 8,4 6,3 6,7 5,9
MËgisth 21,1 23,7 21,9 22,2 21,3
MËsh 13,6 15,74 14,14 14,56 13,94

P–nakac 5.18: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 200)
Statistics of the 1-5 points on the day 200
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Sq†ma 34: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
201

TEC chart of the 1-5 points on the day 201

HmËra 201 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 8,2 10,1 9,2 10 9,1
MËgisth 17,3 18,8 17,9 18,3 17,8
MËsh 13,03 14,51 13,62 13,96 13,41

P–nakac 5.19: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 201)
Statistics of the 1-5 points on the day 201
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Sq†ma 35: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
202

TEC chart of the 1-5 points on the day 202

HmËra 202 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 5,3 5,5 5,2 5,5 5,4
MËgisth 15,8 18,8 16,7 17,1 16,2
MËsh 10,93 11,75 11,29 11,43 11,15

P–nakac 5.20: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 202)
Statistics of the 1-5 points on the day 202
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Sq†ma 36: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
203

TEC chart of the 1-5 points on the day 203

HmËra 203 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 4,2 3,4 3,9 3,7 3,9
MËgisth 19,5 21,8 20,3 20,5 19,8
MËsh 12,65 13,62 12,95 13,19 12,88

P–nakac 5.21: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 203)
Statistics of the 1-5 points on the day 203

H eikÏna thc ionÏsfairac tic hmËrec 197-203 e–nai arketà †pia parÏti prÏkeitai gia hmËrec
tou kalokairio‘. Oi diakumànseic katà th diàrkeia thc hmËrac e–nai mikrËc me uyhlÏterec
timËc tic prwinËc kai meshmerianËc ∏rec.
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Sq†ma 37: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
289

TEC chart of the 1-5 points on the day 289

HmËra 289 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 4,4 1,3 3,7 2,9 3,9
MËgisth 45,1 50,6 46,7 47,1 45,6
MËsh 21,58 22,93 21,97 22,14 21,78

P–nakac 5.22: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 289)
Statistics of the 1-5 points on the day 289
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Sq†ma 38: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
290

TEC chart of the 1-5 points on the day 290

HmËra 203 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 3,9 2,3 3,5 2,8 3,4
MËgisth 50,1 55,3 51,6 51,2 50
MËsh 20,33 22,08 20,7 20,99 20,53

P–nakac 5.23: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 290)
Statistics of the 1-5 points on the day 290
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Sq†ma 39: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
291

TEC chart of the 1-5 points on the day 291

HmËra 291 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 4,4 3 4,2 3,8 4,1
MËgisth 41 45,2 41,6 43,2 41,5
MËsh 17,45 18,13 17,63 17,76 17,56

P–nakac 5.24: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 291)
Statistics of the 1-5 points on the day 291
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Sq†ma 40: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
292

TEC chart of the 1-5 points on the day 292

HmËra 292 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 4,3 3,3 4,1 4,1 4,5
MËgisth 48,9 55,9 50,7 52,5 50,4
MËsh 19,69 21,02 19,95 20,16 19,85

P–nakac 5.25: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 292)
Statistics of the 1-5 points on the day 292
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Sq†ma 41: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
294

TEC chart of the 1-5 points on the day 294

HmËra 294 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 6,2 5,7 5,9 5,3 5,6
MËgisth 49,1 55,7 50,4 52,1 49,7
MËsh 21,95 24,01 22,38 22,68 22,18

P–nakac 5.26: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 294)
Statistics of the 1-5 points on the day 294
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Sq†ma 42: Diàgramma tim∏n TEC twn shme–wn 1-5 gia thn hmËra
295

TEC chart of the 1-5 points on the day 295

HmËra 295 Shme–o 1 Shme–o 2 Shme–o 3 Shme–o 4 Shme–o 5

Tim†
Elàqisth 3,6 0,5 2,4 0,9 2,2
MËgisth 46,6 53,5 47,9 50,1 47,4
MËsh 20,12 21,87 20,43 20,65 20,26

P–nakac 5.27: Statistikà stoiqe–a gia ta shme–a 1-5 (HmËra 295)
Statistics of the 1-5 points on the day 295

Katà thn teleuta–a apÏ tic tËsseric ebdomàdec epexergas–ac shmei∏nontai oi uyhlÏterec
timËc thc E se sqËsh me tic upÏloipec treic periÏdouc, kaj∏c katà tic meshmerianËc ∏rec h
posÏthta E ftànei sto kàpoia shme–a pànw apÏ 50 TECU. Kànontac mia anaskÏphsh sta
diagràmmata sto s‘nolÏ touc diapist∏netai Ïti Ïla diËpontai apÏ kàpoia koinà qarakthri-
stikà. SugkekrimËna, parathre–tai Ïti katà th diàrkeia tou eikositetra∏rou h posÏthta E
metabàlletai me ton –dio trÏpo kai sta pËnte shme–a, sumpËrasma pou exàgetai e‘kola apÏ
touc p–nakec me ta statistikà stoiqe–a (Max1 ⇡ Max2 ⇡ Max3 ⇡ Max4 ⇡ Max5, Min1
⇡ Min2 ⇡ Min3 ⇡ Min4 ⇡ Min5, Mean1 ⇡ Mean2 ⇡ Mean3 ⇡ Mean4 ⇡ Mean5 ), Ïpwc
kai apÏ ta –dia ta diagràmmata.
AutÏ shma–nei Ïti oi diaforËc sthn ionÏsfaira ston elladikÏ q∏ro e–nai pol‘ mikrËc. Sh-
mantikÏ, ep–shc, qarakthristikÏ e–nai Ïti oi timËc tic ionÏsfairac megistopoio‘ntai katà
tic prwinËc ∏rec, en∏ pa–rnoun tic mikrÏterec timËc touc katà tic nuqterinËc ∏rec. Epi-
plËon, katà touc qeimerino‘c m†nec h tim† TEC e–nai qamhlÏterh katà mËso Ïro apÏ ton
upÏloipo qrÏno. Ta apotelËsmata autà epibebai∏noun kai to gnwstÏ jewrhtikÏ upÏbajro
thc ionÏsfairac (Edàfio 1.2). TËloc, diapist∏netai Ïti to Shme–o 2, to opo–o br–sketai
notiÏtera apÏ ta upÏloipa ki epomËnwc pio kontà ston IshmerinÏ, parousiàzei kaj’ Ïlec
tic hmËrec th megal‘terh periektikÏthta se hlektrÏnia apÏ ta upÏloipa shme–a.
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Sq†ma 43: Diàgramma tim∏n TEC mesostajmikà ston elladikÏ
q∏ro gia thn hmËra 016

Chart with the weighted average of the TEC rates in Greece on
the day 016

5.3 'Elegqoc apotelesmàtwn

ShmantikÏ kommàti thc ergas–ac aut†c apotËlese h s‘gkrish twn paraqjËntwn arqe–wn
IONEX me Ëtoima pagkÏsmia IONEX pou diat–jentai sto diad–ktuo ele‘jera. Gia th s‘g-
krish aut† epilËqjhkan ta pagkÏsmia ionosfairikà montËla thc CODE (Center for Orbit
Determination in Europe), pou apotelo‘n kalÏ de–kth gia th axiopist–a twn paraqjËntwn
montËlwn. To z†thma prosegg–sthke se d‘o ep–peda. Katarq†n dhmiourg†jhkan grafikËc
parastàseic Ïpou antiparatËjhkan oi timËc TEC gia ta pËnte epilegmËna shme–a gia tËs-
seric antiproswpeutikËc hmËrec (m–a gia kàje epoq†) kai sth sunËqeia pragmatopoi†jhke
ep–lush m–ac anexàrththc tou dikt‘ou, pou Ëqei epiluje–, bàshc me th qr†sh twn arqe–wn
aut∏n.

5.3.1 Diagràmmata sugkrinÏmenwn IONEX

H antiparàjesh kai twn pËnte shme–wn twn d‘o sugkrinÏmenwn arqe–wn se Ëna diàgramma
e–nai praktikà ad‘nath, kaj∏c oi grafikËc parastàseic te–noun na sump–ptoun. Gia to lÏgo
autÏ upolog–sthke h mËsh tim† twn tim∏n TEC twn shme–wn 1-5, Ïpwc aut† prok‘ptei apÏ
ta IONEX thc CODE kai ta paraqjËnta IONEX. Katà m–a Ënnoia anaparistàtai grafikà
h eikÏna thc ionÏsfairac sth genik† perioq†, Ïpwc aut† sunt–jetai apÏ thn eikÏna sta
epimËrouc shme–a, gia tËsseric antiproswpeutikËc hmeromhn–ec (Sq†ma 43 Ëwc Sq†ma 46).
Axioshme–wto e–nai Ïti oi d‘o kamp‘lec sump–ptoun, pràgma pou diafa–netai kai stouc
p–nakec 3.28 kai 3.29, Ïpou parajËtontai statistikà stoiqe–a gia tic kamp‘lec autËc, Ïpwc
h mËsh, h mËgisth kai h elàqisth tim† thc. To gegonÏc autÏ katadeikn‘ei thn axiopist–a
twn apotelesmàtwn. EpiplËon, Ïpwc †tan anamenÏmeno kai oi d‘o kamp‘lec Ëqoun mËgisth
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Sq†ma 44: Diàgramma tim∏n TEC mesostajmikà ston elladikÏ
q∏ro gia thn hmËra 107

Chart with the weighted average of the TEC rates in Greece on
the day 107
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Sq†ma 45: Diàgramma tim∏n TEC mesostajmikà ston elladikÏ
q∏ro gia thn hmËra 197

Chart with the weighted average of the TEC rates in Greece on
the day 197
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Sq†ma 46: Diàgramma tim∏n TEC mesostajmikà ston elladikÏ
q∏ro gia thn hmËra 289

Chart with the weighted average of the TEC rates in Greece on
the day 289

IONEX thc CODE HmËra 016 HmËra 107 HmËra 197 HmËra 289

Tim†
Elàqisth 5,5 6,96 2,52 2,52
MËgisth 13,4 35,78 22,96 48,18
MËsh 9,15 21,89 17,11 27,94

P–nakac 5.28: Statistikà stoiqe–a twn tim∏n TEC mesostajmikà
ston elladikÏ q∏ro me bàsh ta IONEQ thc CODE

Statistics of the TEC average rates in Greece according to the
CODE’s IONEX

ParaqjËnta IONEX HmËra 016 HmËra 107 HmËra 197 HmËra 289

Tim†
Elàqisth 6,74 11,36 9,1 15,14
MËgisth 13,4 35,78 22,96 48,18
MËsh 8,07 19,7 13,74 22,08

P–nakac 5.29: Statistikà stoiqe–a twn tim∏n TEC mesostajmikà
ston elladikÏ q∏ro me bàsh ta paraqjËnta IONEX

Statistics of the TEC average rates in Greece according to the
produced IONEX

tim† tic prwinËc ∏rec kai qamhlÏterec tic bradinËc.
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5.3.2 Ep–ptwsh ionÏsfairac sthn ep–lush asafei∏n

Se Ëna de‘tero ep–pedo s‘gkrishc twn ionosfairik∏n montËlwn pou par†qjhsan me an-
t–stoiqa thc CODE epil‘jhke m–a anexàrthth bàsh sto logismikÏ pakËto Bernese. Shmei-
∏netai Ïti, kaj∏c h Ëkdosh tou logismiko‘ pou qrhsimopoi†jhke den epitrËpei thn epexer-
gas–a IONEX arqe–wn, qrhsimopoi†jhkan ta ant–stoiqa ION. H bàsh pou epilËqjhke na
luje– e–nai megàlou m†kouc (400 km) kai apotele–tai apÏ touc stajmo‘c LEMN kai VLMS
(Sq†ma 47).
H bàsh epil‘jhke se tËsseric hmeromhn–ac qrhsimopoi∏ntac kàje forà kai ta d‘o montËla
ionÏsfairac kai telikà pragmatopoi†jhke s‘gkrish twn posost∏n twn epilumËnwn asa-
fei∏n me ta d‘o montËla. Ta apotelËsmata thc s‘gkrishc katagràfontai ston parakàtw
p–naka (P–nakac 5.30).

HmËra 016 HmËra 107 HmËra 197 HmËra 289

MontËlo
paraqjËn (%) 97,78 95,45 93,02 91,11
thc CODE (%) 97,78 95,45 93,02 93,33

P–nakac 5.30: Posostà ep–lushc asafei∏n me qr†sh twn d‘o
ionosfairik∏n montËlwn

Percentage of ambiguities’ solution using the two ionospheric
models

'Opwc g–netai e‘kola antilhptÏ, ta d‘o montËla se topikÏ ep–pedo den diafËroun idiaitËrwc
metax‘ touc, kaj∏c to pl†joc twn asafei∏n pou epil‘ontai e–nai sqedÏn to –dio. To
teleuta–o apotele– barÏmetro gia thn axiopist–a twn paraqjËntwn ionosfairik∏n montËlwn.
TËloc, ston parakàtw p–naka (P–nakac 5.31)P–nakac parousiàzetai h jËsh tou stajmo‘
VLSM, Ïpwc aut† proËkuye apÏ thn ep–lush thc bàshc me ta d‘o sugkrinÏmena montËla.
H ta‘tish twn apotelesmàtwn e–nai thc tàxewc tou qiliosto‘, sfàlma apodektÏ gia thn
akr–beia pou Ëqei to GPS sthn sugkekrimËnh mejodolog–a.
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Sq†ma 47: H bàsh megàlou m†kouc pou epil‘jhke gia th
s‘gkrish twn apotelesmàtwn

The solved long base used for the result comparison
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MontËlo X (m) Y (m) Z (m) �X �Y �Z

2011, 16 ParaqjËn 4699991,597 1765547,738 3921162,223
0,000 0,007 0,006

2011, 16 CODE 4699991,597 1765547,731 3921162,217
2011, 107 ParaqjËn 4699991,605 1765547,740 3921162,231

0,000 0,000 0,000
2011, 107 CODE 4699991,605 1765547,740 3921162,231
2011, 197 ParaqjËn 4699991,593 1765547,745 3921162,221

0,002 0,004 0,002
2011, 197 CODE 4699991,592 1765547,749 3921162,223
2011, 289 ParaqjËn 4699991,594 1765547,742 3921162,222

0,001 0,000 0,000
2011, 289 CODE 4699991,594 1765547,742 3921162,222

P–nakac 5.31: H jËsh tou stajmo‘ VLSM qrhsimopoi∏ntac ta
d‘o sugkrinÏmena montËla

The position of the VLSM station using the two compared
models
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6 Sumperàsmata

Sumperasmatikà, sthn paro‘sa ergas–a epidi∏qjhke h dhmiourg–a ionosfairik∏n montËlwn
pou na prosegg–zoun kalà thn katàstash thc ionÏsfairac sthn Ellàda stic diàforec
epoqËc tou Ëtouc. Gia to skopÏ autÏ dhmiourg†jhke Ëna d–ktuo dekatessàrwn shme–wn
apotelo‘meno apÏ dËka stajmo‘c anaforàc thc IGS kai apÏ tËsseric ellhniko‘c stajmo‘c
prosarmosmËnouc katà to dunatÏn kal‘tera sthn perifËreia thc q∏rac. Oi tËsseric auto–
stajmo– e–nai stajmo– thc EUREF kai tou NOA kai apotelo‘n to topikÏ d–ktuo (Sq†ma
15).
TelikÏ apotËlesma thc diadikas–ac e–nai ta arqe–a IONEX, Ëna gia kàje m–a apÏ tic h-
mËrec epexergas–ac, me thn periektikÏthta thc ionÏsfairac se hlektrÏnia anà d‘o ∏rec
mËsa sth diàrkeia thc hmËrac. Oi qàrtec TEC twn IONEX e–nai ekfrasmËnoi se plËgma
gewgrafik∏n suntetagmËnwn gia Ïla ta shme–a thc ghc. BËbaia, oi timËc TEC twn ar-
qe–wn prosegg–zoun kalà mÏno ta shme–a sta gewgrafikà m†kh kai plàth thc Ellàdac.
H melËth twn arqe–wn aut∏n d–nei diàforec plhrofor–ec gia thn ionÏsfaira sthn Ellàda.
Pio sugkekrimËna, diapist∏jhke Ïti h epoq† me th megal‘terh sugkËntrwsh se iÏnta sthn
ionÏsfaira e–nai to fjinÏpwro. AutÏ fa–netai kajarà kai ston parakàtw p–naka (P–nakac
6.1) EpiplËon, Ëgine antilhptÏ Ïti katà th diàrkeia tou eikositetra∏rou oi qamhlÏterec
timËc parathro‘ntai th n‘qta, en∏ oi uyhlÏterec tic meshmerianËc ∏rec. To shmantikÏtero
sumpËrasma, bËbaia, e–nai Ïti h ionÏsfaira sthn Ellàda parousiàzei pol‘ mikrËc diaforo-
poi†seic katà gewgrafikÏ m†koc kai plàtoc.

Qeim∏nac 'Anoixh Kaloka–ri FjinÏpwro

MËsh Tim† 6,76 19,19 13,84 20,69

P–nakac 6.1: Statistikà stoiqe–a twn tim∏n TEC mesostajmikà
ston elladikÏ q∏ro anà epoq†

Statistics of the average TEC rates in Greece by epoch

ShmantikÏ kommàti thc melËthc apotËlese h s‘gkrish twn paraqjËntwn IONEX me Ëtoima
IONEX thc CODE pou diat–jentai ele‘jera ston diad–ktuo. H s‘gkrish aut† pragmato-
poi†jhke se d‘o ep–peda, me skopÏ na epibebaiwje– h axiopist–a twn paraqjËntwn arqe–wn.
'Etsi, tÏso ta diagràmmata pou par†qjhsan me thn paràjesh twn tim∏n twn d‘o sugkri-
nÏmenwn IONEX gia tËsseric antiproswpeutikËc hmeromhn–ec (Edàfio 5.3.1), Ïso kai h
ep–lush miac anexàrththc bàshc megàlou m†kouc me ta d‘o arqe–a gia tic hmeromhn–ec au-
tËc (Edàfio 5.3.2), epibebai∏nei Ïti ta arqe–a autà parËqoun praktikà thn –dia akr–beia gia
ta gewgrafikà m†kh kai plàth thc Ellàdac. Màlista, katà thn ep–lush thc anexàrththc
bàshc qrhsimopoi∏ntac e–te to Ëna e–te to àllo arqe–o epil‘etai sqedÏn to –dio posostÏ
asafei∏n kai prosdior–zetai me thn –dia akr–beia h jËsh tou stajmo‘ wc proc ton opo–on
epil‘etai to d–ktuo.
Ac shmeiwje– san telikÏ sqÏlio Ïti den Ëqei dhmiourghje– proc to parÏn kanËna plhro-
foriakÏ s‘sthma pou na parËqei plhrofor–ec gia thn ionosfairik† drasthriÏthta me th
morf† twn qart∏n TEC gia ton elladikÏ q∏ro sugkekrimËna, parà to gegonÏc thc sh-
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mantikÏthtac aut∏n twn plhrofori∏n, Ïpwc aut† parousiàzetai analutikà sto Edàfio 2.5.
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Suntomograf–ec

IONEX IONosphere EXchange
MSJ MËsh Stàjmh Jàlassac
ESF Equatorial Spread F
TIDS Travelling Ionosphere Distributions
IAG International Association of Geodesy
IGS International GPS Service
ITRS International Terrestrial Reference System
ERPs Earth Rotation Parameters
LOD Length of Day
SINEX Solution Independent EXchange
RINEX Receiver INdependent EXchange
GIMs Global Ionosphere Maps
DCBs Differential Code Biases
ETRS European Terrestrial Reference System
EVRS European Vertical Reference System
GNSS Global Navigation Satellite System
EPN EUREF Permanent Network
NOA National Observatory of Athens
NOANET NOA NETwork
TEC Total Electron Content
PRN Pseudo Random Number
RMS Root Mean Square
SA Selective Availability
VRS Virtual reference Site
GDGPS Global Differential GPS
GDOP Geometric Dilution of Precision
FARA FAst Ambiguity Resolution Approach
LAMBDA Least-squares AMBiguity Decorrelation Adjustment
QIF Quasi Ionosphere Free
TDOP Time Dilution of Precision
HDOP Horizontal Dilution of Precision
VDOP Vertical Dilution of Precision
RTK Real Time Kinematic
AIUB Astronomical Institute of the University of Bern
ITRF International Terrestrial Reference Frame
UTC Coordinated Universal Time
CODE Center for Orbit Determination in Europe
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MËroc III

Paràrthma
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Asàfeiec fàshc

O algÏrijmoc ep–lushc twn asafei∏n fàshc pou qrhsimopoie–tai sthn paro‘sa ergas–a
e–nai oQIF. Parakàtw parajËtontai analutikà ta apotelËsmata thc ep–lushc twn asafei∏n
gia Ïlec tic bàseic tou dikt‘ou kai gia Ïlec tie hmËrec ep–lushc.

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 10 92 10,87 89,13
2 BUCU - DUTH 6 98 6,12 93,88
3 BUCU - GLSV 20 98 20,41 79,59
4 BUCU - PENC 18 98 18,37 81,63
5 DUTH- KASI 12 86 13,95 86,05
6 DUTH - PRKV 4 90 4,44 95,56
7 ISTA - NICO 6 90 6,67 93,33
8 ISTA - PRKV 6 90 6,67 93,33
9 KASI - MATE 26 102 25,49 74,51
10 MATE -NOT1 18 94 19,15 80,85
11 PENC - WTZR 8 92 8,70 91,30
12 PRKV - TUC2 11 80 13,75 86,25
13 WTZR - ZIMM 18 94 19,15 80,85

P–nakac �˛.1: Ep–lush asafei∏n gia thn hmËra «2011, 016»
Ambiguities’ solution for the day ((2011, 016))
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A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 78 7,69 92,31
2 BUCU - DUTH 16 86 18,60 81,40
3 BUCU - GLSV 20 84 23,81 76,19
4 BUCU - PENC 16 80 20,00 80,00
5 DUTH- KASI 6 76 7,89 92,11
6 DUTH - PRKV 6 82 7,32 92,68
7 ISTA - NICO 12 82 14,63 85,37
8 ISTA - PRKV 8 82 9,76 90,24
9 KASI - MATE 12 84 14,29 85,71
10 MATE -NOT1 24 92 26,09 73,91
11 PENC - WTZR 20 76 26,32 73,68
12 PRKV - TUC2 10 76 13,16 86,84
13 WTZR - ZIMM 4 78 5,13 94,87

P–nakac �˛.2: Ep–lush asafei∏n gia thn hmËra «2011, 017»
Ambiguities’ solution for the day ((2011, 017))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 26 110 23,64 76,36
2 DUTH - KASI 10 90 11,11 88,89
3 DUTH - PRKV 14 94 14,89 85,11
4 ISTA - PRKV 16 100 16,00 84,00
5 MATE - NOT1 20 96 20,83 79,17
6 PENC - WTZR 34 114 29,82 70,18
7 PRKV - TUC2 12 90 13,33 86,67
8 WTZR - ZIMM 28 110 25,45 74,55

P–nakac �˛.3: Ep–lush asafei∏n gia thn hmËra «2011, 018»
Ambiguities’ solution for the day ((2011, 018))
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A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 2 88 2,27 97,73
2 BUCU - DUTH 2 86 2,33 97,67
3 BUCU - GLSV 2 84 2,38 97,62
4 BUCU - PENC 2 86 2,33 97,67
5 DUTH- KASI 2 84 2,38 97,62
6 DUTH - PRKV 0 86 0,00 100,00
7 ISTA - NICO 4 92 4,35 95,65
8 ISTA - PRKV 2 88 2,27 97,73
9 KASI - MATE 26 104 25,00 75,00
10 MATE -NOT1 20 98 20,41 79,59
11 PENC - WTZR 2 88 2,27 97,73
12 PRKV - TUC2 4 86 4,65 95,35
13 WTZR - ZIMM 2 86 2,33 97,67

P–nakac �˛.4: Ep–lush asafei∏n gia thn hmËra «2011, 019»
Ambiguities’ solution for the day ((2011, 019))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 92 6,52 93,48
2 BUCU - DUTH 2 92 2,17 97,83
3 BUCU - GLSV 4 90 4,44 95,56
4 BUCU - PENC 4 88 4,55 95,45
5 DUTH- KASI 0 86 0,00 100,00
6 DUTH - PRKV 2 94 2,13 97,87
7 ISTA - NICO 4 94 4,26 95,74
8 ISTA - PRKV 4 94 4,26 95,74
9 KASI - MATE 16 108 14,81 85,19
10 MATE -NOT1 16 102 15,69 84,31
11 PENC - WTZR 10 96 10,42 89,58
12 PRKV - TUC2 6 88 6,82 93,18
13 WTZR - ZIMM 12 114 10,53 89,47

P–nakac �˛.5: Ep–lush asafei∏n gia thn hmËra «2011, 020»
Ambiguities’ solution for the day ((2011, 020))
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A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 8 94 8,51 91,49
2 BUCU - DUTH 6 94 6,38 93,62
3 BUCU - GLSV 4 94 4,26 95,74
4 BUCU - PENC 2 90 2,22 97,78
5 DUTH- KASI 4 86 4,65 95,35
6 DUTH - PRKV 6 92 6,52 93,48
7 ISTA - NICO 4 94 4,26 95,74
8 ISTA - PRKV 6 92 6,52 93,48
9 KASI - MATE 18 118 15,25 84,75
10 MATE -NOT1 23 122 18,85 81,15
11 PENC - WTZR 4 98 4,08 95,92
12 PRKV - TUC2 4 87 4,60 95,40
13 WTZR - ZIMM 6 100 6,00 94,00

P–nakac �˛.6: Ep–lush asafei∏n gia thn hmËra «2011, 021»
Ambiguities’ solution for the day ((2011, 021))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 8 92 8,70 91,30
2 BUCU - DUTH 2 96 2,08 97,92
3 BUCU - GLSV 4 92 4,35 95,65
4 BUCU - PENC 2 90 2,22 97,78
5 DUTH- KASI 6 94 6,38 93,62
6 DUTH - PRKV 8 102 7,84 92,16
7 ISTA - NICO 4 94 4,26 95,74
8 ISTA - PRKV 6 96 6,25 93,75
9 KASI - MATE 6 94 6,38 93,62
10 MATE -NOT1 18 98 18,37 81,63
11 PENC - WTZR 4 92 4,35 95,65
12 PRKV - TUC2 8 90 8,89 91,11
13 WTZR - ZIMM 6 90 6,67 93,33

P–nakac �˛.7: Ep–lush asafei∏n gia thn hmËra «2011, 022»
Ambiguities’ solution for the day ((2011, 022))
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A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 96 6,25 93,75
2 BUCU - DUTH 8 96 8,33 91,67
3 BUCU - GLSV 8 92 8,70 91,30
4 BUCU - PENC 4 92 4,35 95,65
5 DUTH- KASI 4 90 4,44 95,56
6 DUTH - PRKV 6 112 5,36 94,64
7 ISTA - NICO 6 96 6,25 93,75
8 ISTA - PRKV 8 112 7,14 92,86
9 KASI - MATE 4 90 4,44 95,56
10 MATE -NOT1 37 224 16,52 83,48
11 PENC - WTZR 6 94 6,38 93,62
12 PRKV - TUC2 10 108 9,26 90,74
13 WTZR - ZIMM 8 92 8,70 91,30

P–nakac �˛.8: Ep–lush asafei∏n gia thn hmËra «2011, 107»
Ambiguities’ solution for the day ((2011, 107))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 4 94 4,26 95,74
2 BUCU - DUTH 2 96 2,08 97,92
3 BUCU - GLSV 12 106 11,32 88,68
4 BUCU - PENC 6 96 6,25 93,75
5 DUTH- KASI 8 92 8,70 91,30
6 DUTH - PRKV 2 94 2,13 97,87
7 ISTA - NICO 8 100 8,00 92,00
8 ISTA - PRKV 6 100 6,00 94,00
9 KASI - MATE 8 94 8,51 91,49
10 MATE -NOT1 96 442 21,72 78,28
11 PENC - WTZR 4 92 4,35 95,65
12 PRKV - TUC2 2 86 2,33 97,67
13 WTZR - ZIMM 10 106 9,43 90,57

P–nakac �˛.9: Ep–lush asafei∏n gia thn hmËra «2011, 108»
Ambiguities’ solution for the day ((2011, 108))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 116 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 2 98 2,04 97,96
2 BUCU - DUTH 4 96 4,17 95,83
3 BUCU - GLSV 8 94 8,51 91,49
4 BUCU - PENC 8 96 8,33 91,67
5 DUTH- KASI 4 92 4,35 95,65
6 DUTH - PRKV 4 96 4,17 95,83
7 ISTA - NICO 2 92 2,17 97,83
8 ISTA - PRKV 2 92 2,17 97,83
9 KASI - MATE 2 100 2,00 98,00
10 MATE -NOT1 124 436 28,44 71,56
11 PENC - WTZR 4 98 4,08 95,92
12 PRKV - TUC2 10 104 9,62 90,38
13 WTZR - ZIMM 4 96 4,17 95,83

P–nakac �˛.10: Ep–lush asafei∏n gia thn hmËra «2011, 109»
Ambiguities’ solution for the day ((2011, 109))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 4 98 4,08 95,92
2 BUCU - DUTH 12 96 12,50 87,50
3 BUCU - GLSV 10 94 10,64 89,36
4 BUCU - PENC 10 96 10,42 89,58
5 DUTH- KASI 4 92 4,35 95,65
6 DUTH - PRKV 6 96 6,25 93,75
7 ISTA - NICO 8 92 8,70 91,30
8 ISTA - PRKV 4 92 4,35 95,65
9 KASI - MATE 0 100 0,00 100,00
10 MATE -NOT1 18 436 4,13 95,87
11 PENC - WTZR 10 98 10,20 89,80
12 PRKV - TUC2 12 104 11,54 88,46
13 WTZR - ZIMM 12 96 12,50 87,50

P–nakac �˛.11: Ep–lush asafei∏n gia thn hmËra «2011, 110»
Ambiguities’ solution for the day ((2011, 110))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 117 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 98 98 100,00 0,00
2 BUCU - DUTH 104 104 100,00 0,00
3 BUCU - GLSV 98 98 100,00 0,00
4 BUCU - PENC 96 96 100,00 0,00
5 DUTH- KASI 96 96 100,00 0,00
6 DUTH - PRKV 102 102 100,00 0,00
7 ISTA - NICO 102 102 100,00 0,00
8 ISTA - PRKV 94 94 100,00 0,00
9 KASI - MATE 90 90 100,00 0,00
10 MATE -NOT1 106 106 100,00 0,00
11 PENC - WTZR 104 104 100,00 0,00
12 PRKV - TUC2 104 104 100,00 0,00
13 WTZR - ZIMM 102 102 100,00 0,00

P–nakac �˛.12: Ep–lush asafei∏n gia thn hmËra «2011, 111»
Ambiguities’ solution for the day ((2011, 111))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 94 6,38 93,62
2 BUCU - DUTH 6 94 6,38 93,62
3 BUCU - GLSV 2 92 2,17 97,83
4 BUCU - PENC 4 90 4,44 95,56
5 DUTH- KASI 6 90 6,67 93,33
6 DUTH - PRKV 6 94 6,38 93,62
7 ISTA - NICO 10 104 9,62 90,38
8 ISTA - PRKV 6 92 6,52 93,48
9 KASI - MATE 4 90 4,44 95,56
10 MATE -NOT1 16 94 17,02 82,98
11 PENC - WTZR 6 92 6,52 93,48
12 PRKV - TUC2 12 98 12,24 87,76
13 WTZR - ZIMM 10 94 10,64 89,36

P–nakac �˛.13: Ep–lush asafei∏n gia thn hmËra «2011, 112»
Ambiguities’ solution for the day ((2011, 112))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 118 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 94 6,38 93,62
2 BUCU - DUTH 4 94 4,26 95,74
3 BUCU - GLSV 2 92 2,17 97,83
4 BUCU - PENC 4 90 4,44 95,56
5 DUTH- KASI 6 90 6,67 93,33
6 DUTH - PRKV 6 94 6,38 93,62
7 ISTA - NICO 8 104 7,69 92,31
8 ISTA - PRKV 4 92 4,35 95,65
9 KASI - MATE 4 90 4,44 95,56
10 MATE -NOT1 16 94 17,02 82,98
11 PENC - WTZR 4 92 4,35 95,65
12 PRKV - TUC2 6 98 6,12 93,88
13 WTZR - ZIMM 8 94 8,51 91,49

P–nakac �˛.14: Ep–lush asafei∏n gia thn hmËra «2011, 113»
Ambiguities’ solution for the day ((2011, 113))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 94 6,38 93,62
2 BUCU - DUTH 10 94 10,64 89,36
3 BUCU - GLSV 12 92 13,04 86,96
4 BUCU - PENC 4 90 4,44 95,56
5 DUTH- KASI 10 90 11,11 88,89
6 DUTH - PRKV 10 94 10,64 89,36
7 ISTA - NICO 14 104 13,46 86,54
8 ISTA - PRKV 14 92 15,22 84,78
9 KASI - MATE 8 90 8,89 91,11
10 MATE -NOT1 14 94 14,89 85,11
11 PENC - WTZR 12 92 13,04 86,96
12 PRKV - TUC2 12 98 12,24 87,76
13 WTZR - ZIMM 10 94 10,64 89,36

P–nakac �˛.15: Ep–lush asafei∏n gia thn hmËra «2011, 197»
Ambiguities’ solution for the day ((2011, 197))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 119 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 8 92 8,70 91,30
2 BUCU - DUTH 4 96 4,17 95,83
3 BUCU - GLSV 10 90 11,11 88,89
4 BUCU - PENC 4 88 4,55 95,45
5 DUTH- KASI 8 98 8,16 91,84
6 DUTH - PRKV 12 112 10,71 89,29
7 ISTA - NICO 14 72 19,44 80,56
8 ISTA - PRKV 10 66 15,15 84,85
9 KASI - MATE 8 88 9,09 90,91
10 MATE -NOT1 14 92 15,22 84,78
11 PENC - WTZR 12 94 12,77 87,23
12 PRKV - TUC2 22 96 22,92 77,08
13 WTZR - ZIMM 8 86 9,30 90,70

P–nakac �˛.16: Ep–lush asafei∏n gia thn hmËra «2011, 198»
Ambiguities’ solution for the day ((2011, 198))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 10 92 10,87 89,13
2 BUCU - DUTH 10 90 11,11 88,89
3 BUCU - GLSV 6 90 6,67 93,33
4 BUCU - PENC 6 88 6,82 93,18
5 DUTH- KASI 12 92 13,04 86,96
6 DUTH - PRKV 14 86 16,28 83,72
7 ISTA - NICO 6 58 10,34 89,66
8 ISTA - PRKV 18 56 32,14 67,86
9 KASI - MATE 10 88 11,36 88,64
10 MATE -NOT1 24 96 25,00 75,00
11 PENC - WTZR 8 92 8,70 91,30
12 PRKV - TUC2 12 84 14,29 85,71
13 WTZR - ZIMM 10 88 11,36 88,64

P–nakac �˛.17: Ep–lush asafei∏n gia thn hmËra «2011, 199»
Ambiguities’ solution for the day ((2011, 199))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 120 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 8 90 8,89 91,11
2 BUCU - DUTH 6 92 6,52 93,48
3 BUCU - GLSV 10 88 11,36 88,64
4 BUCU - PENC 8 86 9,30 90,70
5 DUTH- KASI 12 94 12,77 87,23
6 DUTH - PRKV 10 98 10,20 89,80
7 ISTA - NICO 10 46 21,74 78,26
8 ISTA - PRKV 12 50 24,00 76,00
9 KASI - MATE 10 90 11,11 88,89
10 MATE -NOT1 12 92 13,04 86,96
11 PENC - WTZR 10 92 10,87 89,13
12 PRKV - TUC2 14 94 14,89 85,11
13 WTZR - ZIMM 8 90 8,89 91,11

P–nakac �˛.18: Ep–lush asafei∏n gia thn hmËra «2011, 200»
Ambiguities’ solution for the day ((2011, 200))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 10 90 11,11 88,89
2 BUCU - DUTH 8 90 8,89 91,11
3 BUCU - GLSV 14 90 15,56 84,44
4 BUCU - PENC 12 88 13,64 86,36
5 DUTH- ISTA 6 60 10,00 90,00
6 DUTH - KASI 12 94 12,77 87,23
7 ISTA - NICO 4 62 6,45 93,55
8 KASI - MATE 20 94 21,28 78,72
9 KASI - TUC2 14 92 15,22 84,78
10 MATE - NOT1 26 106 24,53 75,47
11 PENC - WTZR 18 98 18,37 81,63
12 WTZR - ZIMM 8 88 9,09 90,91

P–nakac �˛.19: Ep–lush asafei∏n gia thn hmËra «2011, 201»
Ambiguities’ solution for the day ((2011, 201))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 121 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 90 6,67 93,33
2 BUCU - DUTH 6 100 6,00 94,00
3 BUCU - GLSV 10 110 9,09 90,91
4 BUCU - PENC 10 100 10,00 90,00
5 DUTH- ISTA 10 90 11,11 88,89
6 DUTH - KASI 14 92 15,22 84,78
7 ISTA - NICO 12 96 12,50 87,50
8 KASI - MATE 16 102 15,69 84,31
9 KASI - TUC2 8 88 9,09 90,91
10 MATE - NOT1 16 102 15,69 84,31
11 PENC - WTZR 12 94 12,77 87,23
12 WTZR - ZIMM 12 92 13,04 86,96

P–nakac �˛.20: Ep–lush asafei∏n gia thn hmËra «2011, 202»
Ambiguities’ solution for the day ((2011, 202))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 4 90 4,44 95,56
2 BUCU - DUTH 4 90 4,44 95,56
3 BUCU - GLSV 6 90 6,67 93,33
4 BUCU - PENC 8 90 8,89 91,11
5 DUTH- KASI 12 92 13,04 86,96
6 DUTH - PRKV 4 52 7,69 92,31
7 ISTA - NICO 6 88 6,82 93,18
8 ISTA - PRKV 6 52 11,54 88,46
9 KASI - MATE 12 94 12,77 87,23
10 MATE -NOT1 28 140 20,00 80,00
11 PENC - WTZR 14 98 14,29 85,71
12 PRKV - TUC2 6 52 11,54 88,46
13 WTZR - ZIMM 6 86 6,98 93,02

P–nakac �˛.21: Ep–lush asafei∏n gia thn hmËra «2011, 203»
Ambiguities’ solution for the day ((2011, 203))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 122 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 8 90 8,89 91,11
2 BUCU - DUTH 8 92 8,70 91,30
3 BUCU - GLSV 8 102 7,84 92,16
4 BUCU - PENC 6 98 6,12 93,88
5 DUTH- KASI 8 88 9,09 90,91
6 DUTH - PRKV 8 88 9,09 90,91
7 ISTA - NICO 14 74 18,92 81,08
8 ISTA - PRKV 8 88 9,09 90,91
9 KASI - MATE 10 108 9,26 90,74
10 MATE -NOT1 28 114 24,56 75,44
11 PENC - WTZR 10 92 10,87 89,13
12 PRKV - TUC2 14 104 13,46 86,54
13 WTZR - ZIMM 2 76 2,63 97,37

P–nakac �˛.22: Ep–lush asafei∏n gia thn hmËra «2011, 289»
Ambiguities’ solution for the day ((2011, 289))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 90 6,67 93,33
2 BUCU - DUTH 8 102 7,84 92,16
3 BUCU - GLSV 2 90 2,22 97,78
4 BUCU - PENC 6 88 6,82 93,18
5 DUTH- KASI 8 100 8,00 92,00
6 DUTH - PRKV 10 102 9,80 90,20
7 ISTA - NICO 12 90 13,33 86,67
8 ISTA - PRKV 8 88 9,09 90,91
9 KASI - MATE 10 96 10,42 89,58
10 MATE -NOT1 22 112 19,64 80,36
11 PENC - WTZR 10 92 10,87 89,13
12 PRKV - TUC2 10 92 10,87 89,13
13 WTZR - ZIMM 4 74 5,41 94,59

P–nakac �˛.23: Ep–lush asafei∏n gia thn hmËra «2011, 290»
Ambiguities’ solution for the day ((2011, 290))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 123 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 94 6,38 93,62
2 BUCU - DUTH 6 94 6,38 93,62
3 BUCU - GLSV 8 88 9,09 90,91
4 BUCU - PENC 6 88 6,82 93,18
5 DUTH- KASI 2 92 2,17 97,83
6 DUTH - PRKV 8 96 8,33 91,67
7 ISTA - NICO 16 110 14,55 85,45
8 ISTA - PRKV 10 90 11,11 88,89
9 KASI - MATE 14 104 13,46 86,54
10 MATE -NOT1 24 124 23,08 76,92
11 PENC - WTZR 10 98 8,06 91,94
12 PRKV - TUC2 8 100 8,16 91,84
13 WTZR - ZIMM 2 72 2,00 98,00

P–nakac �˛.24: Ep–lush asafei∏n gia thn hmËra «2011, 291»
Ambiguities’ solution for the day ((2011, 291))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 6 90 6,67 93,33
2 BUCU - DUTH 6 92 6,52 93,48
3 BUCU - GLSV 4 92 4,35 95,65
4 BUCU - PENC 6 88 6,82 93,18
5 DUTH- KASI 4 90 4,44 95,56
6 DUTH - PRKV 6 90 6,67 93,33
7 ISTA - NICO 16 114 14,04 85,96
8 ISTA - PRKV 8 98 8,16 91,84
9 KASI - MATE 6 94 6,38 93,62
10 MATE -NOT1 20 112 21,28 78,72
11 PENC - WTZR 10 96 8,93 91,07
12 PRKV - TUC2 8 88 8,33 91,67
13 WTZR - ZIMM 2 74 2,27 97,73

P–nakac �˛.25: Ep–lush asafei∏n gia thn hmËra «2011, 292»
Ambiguities’ solution for the day ((2011, 292))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 124 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 90 90 100,00 0,00
2 BUCU - DUTH 86 86 100,00 0,00
3 BUCU - GLSV 84 84 100,00 0,00
4 BUCU - PENC 88 88 100,00 0,00
5 DUTH- KASI 86 86 100,00 0,00
6 DUTH - PRKV 88 88 100,00 0,00
7 ISTA - NICO 150 150 100,00 0,00
8 ISTA - PRKV 122 122 100,00 0,00
9 KASI - MATE 96 96 100,00 0,00
10 MATE -NOT1 106 106 100,00 0,00
11 PENC - WTZR 100 100 100,00 0,00
12 PRKV - TUC2 104 104 100,00 0,00
13 WTZR - ZIMM 74 74 100,00 0,00

P–nakac �˛.26: Ep–lush asafei∏n gia thn hmËra «2011, 293»
Ambiguities’ solution for the day ((2011, 293))

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 4 90 4,44 95,56
2 BUCU - DUTH 2 86 2,33 97,67
3 BUCU - GLSV 8 86 9,30 90,70
4 BUCU - PENC 4 86 4,65 95,35
5 DUTH- KASI 12 88 13,64 86,36
6 DUTH - PRKV 4 90 4,44 95,56
7 ISTA - NICO 22 116 18,97 81,03
8 ISTA - PRKV 12 100 12,00 88,00
9 KASI - MATE 10 90 11,11 88,89
10 MATE -NOT1 22 100 24,44 75,56
11 PENC - WTZR 12 96 12,00 88,00
12 PRKV - TUC2 16 108 16,67 83,33
13 WTZR - ZIMM 0 74 0,00 100,00

P–nakac �˛.27: Ep–lush asafei∏n gia thn hmËra «2011, 294»
Ambiguities’ solution for the day ((2011, 294))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o



Farmak–dou K. Iwànna 125 DekËmbrioc 2013

A/A 'Alutec S‘nolo PosostÏ PosostÏ
Bàshc Stajmo– asàfeiec asafei∏n apotuq–ac (%) ep–lushc (%)

1 BOR1 - WTZR 4 90 4,44 95,56
2 BUCU - DUTH 0 88 0,00 100
3 BUCU - GLSV 4 86 4,65 95,35
4 BUCU - PENC 6 86 6,98 93,02
5 DUTH- KASI 4 90 4,44 95,56
6 DUTH - PRKV 4 88 4,55 95,45
7 ISTA - NICO 14 82 17,07 82,93
8 ISTA - PRKV 2 84 2,38 97,62
9 KASI - MATE 8 98 8,16 91,84
10 MATE -NOT1 18 106 18,37 81,63
11 PENC - WTZR 14 100 13,21 86,79
12 PRKV - TUC2 10 102 10,00 90,00
13 WTZR - ZIMM 0 74 0,00 100,00

P–nakac �˛.28: Ep–lush asafei∏n gia thn hmËra «2011, 295»
Ambiguities’ solution for the day ((2011, 295))

Sqol† AgronÏmwn kai Topogràfwn Mhqanik∏n
EjnikÏ MetsÏbio Poluteqne–o


	
	
	Abstract
	
	I  ß
	
	
	 D
	 E
	 F

	   
	
	     ß
	 
	 

	 µ
	 
	TIDs
	 µ µ

	IGS
	IGS  

	EUREF
	NOA

	 IONEX
	
	  IONEX
	 µ   IONEX
	 TEC
	TECU

	µ  
	   µ  Bernese

	GPS
	
	    GPS
	Differential GPS
	 µ  
	
	 

	 µ   ß       µ
	 

	µ  GPS
	µ µ
	 µ
	µ ß

	  µ GPS
	  µ

	     GPS


	II  µ - µµ
	  µ
	
	µ   
	 µ 
	 
	 
	 µ
	  IONEX
	ßµ   


	µ IONEX 
	
	  µ
	 µ
	µµ µ IONEX
	    


	µµ
	µ

	III µ
	 


