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Pr�logocH paro�sa didaktorik� diatrib� asqole�tai me to b�ltisto sunduasm� eterogen�n de-dom�nwn (ep�geiwn kai doruforik�n) gia th l�sh problhm�twn sqetik�n me to ped�o bar�-thtac pou aforo�n sthn gewdais�a, thn udrograf�a, thn wkeanograf�a kai tic gewepist�mecgenik�tera. Prote�netai m�a fasmatik� m�jodoc sunduasmo�, h opo�a sthr�zetai sth jewr�atwn susthm�twn eis�dou - ex�dou kai parousi�zontai gia pr�th for� oi genikeum�nec sq�seicsunduasmo� poll�n dedom�nwn. Idia�terh �mfash d�netai sthn antimet�pish tou probl�matoctou jor�bou eis�dou kai parousi�zontai n�oi alg�rijmoi pros�ggishc twn sunistws�n touped�ou bar�thtac.H didaktorik� diatrib� ekpon�jhke ston Tom�a Gewdais�ac kai Topograf�ac tou Tm�-matoc Agron�mwn kai Topogr�fwn Mhqanik�n (TATM) tou Aristotele�ou Panepisthm�ouJessalon�khc (APJ), up� thn ep�bleyh tou Kajhght� Hl�a N. Tziabo�.Sto shme�o aut� aisj�nomai thn an�gkh na euqarist�sw:� to D�skal� mou, Kajhght� tou TATM/APJ Hl�a Tziab�, gia th suneq� kajod�ghs�tou kat� th di�rkeia thc ekp�nhshc thc diatrib�c, thn ousi�dh upost�rix� tou kai ticpol�timec sumboul�c tou stic pr�tec aut�c ereunhtik�c mou drasthri�thtec, kaj�cep�shc kai gia thn am�risth sumpar�stas� tou stic agwn�ec kai touc problhmatismo�cmou,� ton Kajhght� tou Panepisthm�ou tou Calgary Miq�lh Sider�, gia th bo�jei� tou sthjewrhtik� an�ptuxh kai tekmhr�wsh twn mej�dwn sunduasmo�, kaj�c ep�shc kai gia ticdieukol�nseic pou mou pare�qe kat� th di�rkeia thc paramon�c mou sto Panepist�miotou Calgary,� touc Kajhght�c tou TATM/APJ Dhm�trio Aramp�lo kai K�sta Kats�mpalo gia ticaxi�logec sumboul�c touc kai tic upode�xeic touc kat� th di�rkeia thc �reunac,� touc Kajhght�c tou TATM/APJ Qristoge�rgh Kalts�kh, Eu�ggelo Libier�to, Dh-m�trio Rwssik�poulo kai Ariste�dh Fwt�ou gia th sunergas�a touc se tm�mata thcmel�thc kai gia th sumbol� touc sth belt�wsh thc diatrib�c,� to 'Idruma Kratik�n Upotrofi�n gia thn oikonomik� uposthrix� tou,� touc filouc kai sunad�lfouc Qr�sto Pikrid�, did�ktora tou TATM/APJ kai El�nhPasqal�kh, upoy�fia did�ktora tou TATM/APJ, gia thn pol�timh bo�jei� touc stickoin�c �rec agwn�ac kai gia tic endiaf�rousec suzht�seic mac,� to Qrist�foro Kwts�kh, did�ktora tou Department of Geomatics Engineering touPanepisthm�ou tou Calgary kai th Gewrg�a Fwtopo�lou, metaptuqiak� spoud�striatou �diou Panepisthm�ou, gia th filoxen�a touc kai th bo�jei� touc sthn prosarmog�mou kat� th di�rkeia thc paramon�c sto Calgary,� thn Kik� Keqa�dou, gia thn hjik� sumpar�stash kai upost�rix� thc kaj' �lh thdi�rkeia thc mel�thc,� idiait�rwc touc gone�c mou, Dhm�trh kai D�mhtra kai ton aderf� mou Gi�rgo gia thnkajolik� upost�rix� touc kai thn enj�rruns� touc sta arqik�, d�skola st�dia thcekp�nhshc.H paro�sa didaktorik� diatrib� upobl�jhke sto Tm�ma Agron�mwn kai Topogr�fwnMhqanik�n tou APJ. H eptamel�c exetastik� epitrop� e�nai:
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SummaryThe subject of the dissertation is the analysis of new spectral methods for the e�cientcombination of heterogeneous data. These methods are based on the system theory andcombine terrestrial and satellite data. The theoretical background is extensively analyzedand some applications of the new algorithms in geodesy and oceanography are presented.Special emphasis to the input noise treatment is given and new algorithms for the powerspectral density (PSD) computation of the input error are carried out.The necessity of the study from the geodetic point of view is based on the large amountof today's observations. The di�erent frequency content of the various data types usedin geodesy as well as the current need for high accuracy operational products lead to themodi�cation of the existing methodology. The operational phase of the oceanography isconnected with the speed and the accuracy in the computations. The continuous monitoringand the e�cient data assimilation in the oceanographic models yield the need of new methodsof heterogeneous data combination.Special attention is given to the multiple input - multiple output system analysis with thepresence of noise. The matrix analysis of this method is presented originally in this study.Additionally, the case of repeated satellite missions, altimetric and future gravimetric ones,results in the extraction of new algorithms for the input error PSD estimation. Conclusionsand recommendations for future studies are presented in the �nal part of the dissertation.Analytically:In the �rst part of the study an introduction in the main research aspects are given. Thenecessity for the present study is mentioned and the relations of geodesy and oceanographythrough the study of Earth gravity �eld are analyzed.In the second chapter the basic methods used for gravity �eld modeling are described.The principles of the classical and modern geodetic boundary value problems are analyzedand their solutions are commented. The remove-restore technique and the various data typesused in geodesy are presented. The analysis of the current form of the spectral methods isgiven and the properties of the PSD functions are itemized.The third chapter is dedicated to satellite altimetry. The past, present and future alti-metry missions are described as well as the principle and the basic properties of this method.The models of the cross-over adjustment for the orbit error minimization are analyzed andthe methods of the altimetric geoid approximation are mentioned.In the fourth chapter the measurement procedure in the sea gravimetry is described.The major corrections applied to the raw observations and the errors in the databases aredescribed. Finally, techniques for sea gravimetric geoid determination are pointed out.The �fth chapter is an introduction to the theories and methods extensively employed inthe science of oceanography. The concept of dynamic ocean topography is presented withemphasis in the ocean circulation analysis. The physical properties of sea water are describedand the basic principles of the ocean circulation theory are introduced. The major currentsof our planet are mentioned and the simpli�ed geostrophic theory is analyzed. Finally,the historical evolution of the ocean circulation and climate models is presented and theirconnection with gravity �eld modeling applications is analyzed.In the sixth chapter the system theory is extensively considered. This chapter is themain research part of the dissertation. Many originally presented schemes are introduced inthis chapter. The generalized multiple input - multiple output system is presented in matrixformulation and the error propagation is successfully achieved with the introduction of theoutput error covariance matrix estimation. Theoretical schemes are itemized in this chapterand the application of the theory in geodesy and oceanography is given through algorithmicequations. In the �nal part of this chapter the input noise problem is mentioned and newtechniques for the noise treatment are proposed.



In the �nal chapter of the dissertation the applications of the multiple input - multipleoutput system theory in gravity �eld modeling are discussed. The test areas in the nume-rical experiments refer basically to the Hellenic territory where all available heterogeneousdata sources are combined optimally. Areas outside Greece are selected according to theirgeophysical interest and their large dimensions, in order to investigate the e�ciency of thenew methods. Processing of simulation as well as real data are carried out and conclusionsfor the theory application are carefully drawn.According to the numerical experiments, the theory �ts practical applications of specialinterest like geoid and sea surface topography approximations, positioning applicationsand datum uni�cation. Some recommendations for further improvement of the method,especially in the �eld of noise treatment and PSD estimation, are proposed for furhter re-search and investigation.
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Kef�laio 1Eisagwg�H paro�sa mel�th exet�zei n�ec mej�douc sunduasmo� eterogen�n dedom�nwn tou ped�oubar�thtac kai parousi�zei tic efarmog�c touc sthn an�lush twn sunistws�n tou ped�ou, �pwcep�shc kai th s�ndes� touc me ta dedom�na udrografik�n kai wkeanografik�n parathr�sewn.Anal�ontai �lec oi s�gqronec jewr�seic pou qrhsimopoio�ntai gia thn pros�ggish toug�inou ped�ou bar�thtac me b�sh e�te nteterministik� e�te stoqastik� krit�ria. 'Emfashd�netai sto jal�ssio perib�llon twn metr�sewn, afo� oi idiaiter�thtec tou sust�matoctwn metr�sewn kajisto�n tic diadikas�ec parathr�sewn dusleitourgik�c. H an�lush twnpalai�terwn mej�dwn m�trhshc, �pou to metrhtik� s�sthma ephreaz�tan ap� ta qarakthri-stik� tou m�sou, kaj�c ep�shc kai h ex�lix� touc se mej�douc m�trhshc {ex apost�sewc},apotele� �na ap� ta k�ria antike�mena thc paro�sac �reunac.H anafor� sthn udrograf�a kai thn wkeanograf�a pragmatopoi�jhke me skop� thn pa-rous�ash thc plhj�rac twn koin�n stoiqe�wn pou sund�oun tic epist�mec aut�c me th gew-dais�a kai se kami� per�ptwsh h an�lush twn �rwn pou anaf�rontai den pr�pei na jewrhje��ti kal�ptei pl�rwc to eur� antike�meno twn d�o episthm�n. Sth sun�qeia thc ergas�ac, gial�gouc suntom�ac, ja g�netai anafor� m�no sthn wkeanograf�a, kaj�c h udrograf�a, �ntach epist�mh thc par�ktiac z�nhc qrhsimopoie� �na meg�lo tm�ma twn teqnik�n kai mej�dwnthc wkeanograf�ac.1.1 H anagkai�thta thc paro�sac �reunacTa teleuta�a qr�nia, kai idia�tera thn teleuta�a dekaet�a, oi m�jodoi kai oi teqnik�c twnmetr�sewn �qoun parousi�sei mia ekrhktik� an�ptuxh. An�logh thc pro�dou pou uf�stantaioi metrhtik�c diadikas�ec e�nai kai h diajesim�thta se dedom�na. Sunep�c, ta teleuta�aqr�nia parousi�zetai mia plhj�ra dedom�nwn, h axiopo�hsh twn opo�wn apotele� to zhto�menotwn teqnik�n an�lushc kai epexergas�ac.O meg�loc arijm�c twn diaj�simwn dedom�nwn �qei epidr�sei jetik� se �na pl�joc epi-sthm�n pou asqolo�ntai me thn perigraf� tou fusiko� q�rou pou zo�me kai energo�me kaigenik�tera tou g�inou plan�th. Oi epist�mec pou asqolo�ntai me thn perigraf� twn fusik�nfainom�nwn pou droun ent�c, ep� kai sth geitoni� tou plan�th Gh onom�zontai gewepist�mec(geosciences). Tm�ma twn gewepisthm�n apotelo�n kai oi epist�mec thc gewdais�ac kaithc wkeanograf�ac. Genik�, h epist�mh thc gewdais�ac asqole�tai me thn pros�ggish tousq�matoc thc Ghc kai thn an�lush tou exwteriko� ped�ou bar�thtac [4]. H epist�mh thc wkea-nograf�ac asqole�tai kur�wc me thn allhlep�drash twn fusik�n fainom�nwn thc bi�sfairackai thc k�nhshc twn g�inwn ud�tinwn maz�n, thn ep�drash sto g�ino kl�ma kai th fusik�isorrop�a �lwn twn organism�n pou zoun ent�c tou ud�tinou fusiko� perib�llontoc [9].T�so h gewdais�a, �so kai h wkeanograf�a sund�ontai me mia �nnoia kleid� sthn anti-met�pish twn fusik�n fainom�nwn: to g�ino ped�o bar�thtac. H ant�lhyh kai h an�lushtou g�inou ped�ou bar�thtac apot�lese thn kuri�terh enasq�lhsh twn fusik�n filos�fwn1



2 EISAGWGH�dh ap� ton 16� ai�na m.Q. [8]. Perior�zontac tic epist�mec pou anaf�rontai sthn paro�saergas�a sth sq�sh touc me to g�ino ped�o bar�thtac anafer�maste sthn epist�mh thc fu-sik�c gewdais�ac kai thc fusik�c wkeanograf�ac. H an�lush kai pros�ggish tou ped�oubar�thtac apot�lese kai apotele� th basik�terh diadikas�a sthn ex�ghsh poik�lwn fusik�nfainom�nwn.H anagkai�thta thc mel�thc ap� thn pleur� thc gewdais�ac �gkeitai sto shmerin� meg�lopl�joc gewdaitik�n dedom�nwn. O b�ltistoc sunduasm�c twn eterogen�n dedom�nwn pouqrhsimopoio�ntai, apot�lese �na ap� ta shmantik�tera j�mata sthn paro�sa �reuna. Tadedom�na pou diat�jentai s�mera kal�ptoun to s�nolo sqed�n tou f�smatoc tou ped�oubar�thtac. Oi diaforetik�c suqn�thtec tou ped�ou bar�thtac, tic opo�ec perigr�foun ta dia-foretik� e�dh dedom�nwn, kaj�c ep�shc kai h s�gqronh anagkai�thta gia uyhl�c akr�beiec sthm�trhsh kai thn epexergas�a, proapaito�n thn an�ptuxh l�sewn sunduasmo�. Taut�qrona,mia pro�p�jesh thc asfalo�c pros�ggishc e�nai kai h �nnoia thc akr�beiac thc ekt�mhshc,�tsi �pwc parousi�zetai ap� thn abebai�thta stic prosdiorist�ec pos�thtec. Stic mej�doucb�ltistou sunduasmo�, pou sqoli�zontai sthn paro�sa mel�th, d�netai idia�terh �mfash sthn�kfrash thc eswterik�c akr�beiac thc pros�ggishc, h opo�a poik�llei an�loga me to jewrh-tik� up�bajro twn mej�dwn. H ex�lixh thc doruforik�c epoq�c �qei odhg�sei thn epist�mhthc gewdais�ac se n�ec mej�douc kai teqnik�c parakolo�jhshc, idia�tera stic jal�ssiec pe-rioq�c tou plan�th. H an�gkh sunduasmo� twn doruforik�n dedom�nwn, pou prosf�rei hs�gqronh teqnolog�a, me ta paradosiak� ep�geia dedom�na apot�lese to basik�tero st�qosthn paro�sa �reuna. H antimet�pish twn jewri�n enopo�hshc twn topik�n susthm�twn ana-for�c, oi opo�ec ja odhg�soun sth leitourgik� (operational) f�sh thc gewdais�ac, apaito�nthn axiopo�hsh �lwn twn diaj�simwn dedom�nwn kai to b�ltisto sunduasm� touc me taqe�eckai akribe�c teqnik�c. H �nnoia thc taq�thtac, pou anaf�retai suneq�c ta teleuta�a qr�nia,sqet�zetai me thn plhj�ra twn n�wn dedom�nwn pou eis�rqontai sto pagk�smio metrhtik�s�sthma, �pwc ep�shc kai sthn anagkai�thta suneqo�c katagraf�c kai parakolo�jhshc twng�inwn fusik�n idiot�twn.Oi �nnoiec thc taq�thtac, thc leitourgik�thtac kai thc akr�beiac sund�ontai kai methn anagkai�thta thc paro�sac mel�thc ap� thn pleur� thc epist�mhc thc wkeanograf�ac.H ex�lixh thc en l�gw epist�mhc �gkeitai sto gegon�c thc metabol�c sth diadikas�a pa-rat�rhshc kai thc ep�drashc thc doruforik�c teqnolog�ac. Oi s�gqronec teqnik�c para-kolo�jhshc epitr�poun thn plhr�sterh katan�hsh twn mhqanism�n k�nhshc twn ud�twn kaiallhlep�dras�c touc me th metabol� tou pagk�smiou kl�matoc. H qronik� per�odoc thct�xhc twn p�gwn, h suneq�c �nodoc thc m�shc jal�ssiac st�jmhc kai h anjr�pinh ep�drashsto perib�llon �qoun odhg�sei se m�a allag� tou pagk�smiou kl�matoc, h opo�a epidr�se k�je fusik� diergas�a ston plan�th [2], [3]. Ta akra�a periballontik� fain�mena pouparousi�sthkan thn teleuta�a dekaet�a parathr�jhkan me akr�beia q�rh stic s�gqronecmej�douc parakolo�jhshc kai epino�jhkan n�a mont�la perigraf�c twn fusik�n katastro-f�n. H suneq�c parakolo�jhsh kai o emploutism�c twn mont�lwn perigraf�c tou kl�matocm�sw thc apotelesmatik�terhc afomo�wshc (assimilation) twn dedom�nwn od�ghse sthnanagkai�thta n�wn mej�dwn b�ltistou sunduasmo� eterogen�n dedom�nwn.1.2 H an�lush twn sq�sewn gewdais�ac kai wkeanogra-f�acAp� �sa anaf�rjhkan m�qri stigm�c diafa�netai �ti o sundetik�c kr�koc metax� twn epi-sthm�n thc gewdais�ac kai thc wkeanograf�ac, ekt�c ap� to koin� fusik� perib�llon twnmetr�sewn, e�nai to ped�o pou e�nai upe�juno gia tic fusik�c idi�thtec pou perigr�foun: toped�o thc g�inhc bar�thtac [5]. H katan�hsh thc ex�rthshc twn d�o episthm�n ap� to ped�oaut� odhge� sta shme�a s�ndeshc touc kai sthn koin� antimet�pish twn problhm�twn pouprok�ptoun.Oi epim�rouc �nnoiec pou sqet�zontai me tic d�o epist�mec, oi sq�seic s�ndeshc metax�



KEFALAIO 1 3touc kai ta shmantik�tera kombik� shme�a twn sq�sewn parousi�zontai sto sq�ma 1.1. Oi

Sq�ma 1.1: Oi sq�seic gewdais�ac kai wkeanograf�ac.l�xeic-kleidi� sth s�ndesh twn episthm�n e�nai to geweid�c kai h dunamik� jal�ssia to-pograf�a. To geweid�c e�nai sun�jwc pro��n thc epist�mhc thc fusik�c gewdais�ac kaiprok�ptei me diadikas�ec pou ja anaferjo�n sto kef�laio 2. To geweid�c or�zetai wc hisodunamik� epif�neia tou g�inou ped�ou bar�thtac, h opo�a proseggistik� taut�zetai me thm�sh jal�ssia st�jmh se pagk�smia kl�maka, qwr�c na l�boume up�yh thn ep�drash twnjalass�wn reum�twn, twn palirroi�n kai twn planhtik�n kai metewrologik�n fainom�nwn.H dunamik� jal�ssia topograf�a e�nai h diafor� thc m�shc jal�ssiac st�jmhc ap� togeweid�c, h opo�a ofe�letai sthn ep�drash twn metewrologik�n fainom�nwn, twn jalass�wnreum�twn kai thc jermokras�ac kai alat�thtac tou nero� twn wkean�n. H dunamik� jal�ssiatopograf�a �tan, m�qri kai prin mia eikosaet�a, apokleistik� antike�meno thc fusik�c wkea-nograf�ac.To koin� shme�o, sto opo�o t�mnontai oi epist�mec thc fusik�c gewdais�ac kai wkeano-graf�ac kai to opo�o pr�sfere ta m�gista sthn koin� ex�lixh kai twn d�o episthm�n e�nai hdoruforik� altimetr�a [10]. Me thn �leush twn altimetrik�n doruf�rwn, h stigmia�a st�jmhthc j�lassac parathre�tai pl�on se pagk�smia kl�maka kai �qi m�no se periorism�na hpei-rwtik� shme�a palirro�k�n metr�sewn. To gegon�c aut� d�nei th dunat�thta apeuje�ac pros-diorismo� thc dunamik�c jal�ssiac topograf�ac, qwr�c thn an�gkh metr�sewn jermokras�ackai alat�thtac kai th qr�sh pol�plokwn oloklhrwmatik�n sq�sewn [7] (bl. kef. 5). Ep�shc,m�a oloklhrwm�nh antimet�pish ja �tan o b�ltistoc sunduasm�c twn dedom�nwn kai twn d�oepisthm�n m�sw twn mej�dwn pou melet�ntai. Apara�thth gia thn wkeanograf�a e�nai hgn�sh tou geweido�c, giat� kajor�zetai me ton tr�po aut� m�a epif�neia anafor�c kai e�naidunat� na prosdioristo�n oi taq�thtec twn reum�twn se opoiod�pote b�joc tou jal�ssiou�gkou. Antisto�qwc, apara�thth gia th gewdais�a e�nai kai h gn�sh thc wkeanografik�cdunamik�c jal�ssiac topograf�ac, �tsi �ste na e�nai dunat� h akrib�sterh pros�ggish tougeweido�c. Aut� h s�ndesh kai, se �na m�roc, h allhlex�rthsh twn d�o episthm�n od�ghsesthn parous�ash mej�dwn sunduasmo� twn diaj�simwn s�mera eterogen�n metr�sewn.



4 EISAGWGH1.3 H ep�drash thc doruforik�c teqnolog�acH doruforik� teqnolog�a apot�lese kai apotele� ak�mh to shmantik�tero efalt�rio sthnex�lixh twn episthm�n parakolo�jhshc twn g�inwn diergasi�n. H doruforik� gewdais�a,m�qri kai prin ap� merik� qr�nia, f�ntaze k�ti exairetik� d�skolo, l�gw twn uyhl�n akri-bei�n pou pro�poj�tei h epist�mh ston prosdiorism� thc j�shc. 'Hdh �mwc ap� to 1984, methn �narxh thc leitourg�ac tou pagk�smiou sust�matoc prosdiorismo� j�shc GPS (GlobalPositioning System) [6] xeper�sthkan oi duskol�ec sth qr�sh twn doruf�rwn gia ergas�ecuyhl�c akribe�ac. S�mera pl�on h pros�ggish thc j�shc sthn xhr�, sth j�lassa kai stodi�sthma pragmatopoie�tai me pol� meg�lh akr�beia, arket�c for�c megal�terh ap� tic pa-lai�terec mej�douc prosdiorismo�, e�te pr�keitai gia efarmog�c statiko� qarakt�ra, e�te giakajar� kinhmatik�c efarmog�c. H akr�beia sth j�sh sumb�llei kat� �na meg�lo bajm� kaisthn a�xhsh thc akr�beiac sth m�trhsh, t�so stic gewdaitik�c, �so kai stic wkeanografik�cmetr�seic. H dunat�thta akribo�c prosdiorismo� sth j�sh par�qei ikan�terh tautopo�hshthc topolog�ac thc m�trhshc kai epipl�on exale�fei sf�lmata pou ofe�lontai sthn en g�neiabebai�thta.Epipl�on, h eisagwg� thc doruforik�c altimetr�ac stic mej�douc parakolo�jhshc kai ka-tagraf�c twn idiot�twn twn g�inwn fusik�n diergasi�n kai eidik�tera sthn parat�rhsh twnwkean�n, od�ghse sthn perait�rw an�ptuxh kai ton emploutism� me dedom�na thc gewdais�ackai thc wkeanograf�ac. Oi dunat�thtec epilog�c thc ap�stashc metax� twn troqiak�n iqn�n(track separation) twn altimetrik�n doruf�rwn od�ghse sth l�yh, t�so kajar� gewdaitik�ndedom�nwn [gewdaitik�c apostol�c (Geodetic Missions { GM)], �so kai parathr�sewn ka-jar� wkeanografiko� endiaf�rontoc [akrib�c epanalamban�menec apostol�c (Exact RepeatMissions { ERM)]. H doruforik� altimetr�a od�ghse sth s�ndesh twn d�o episthm�n, afo�par�qei se pagk�smia kl�maka ta �yh thc stigmia�ac st�jmhc thc j�lassac ap� to ellei-yoeid�c anafor�c. O �gkoc twn dedom�nwn, pou pr�sfere h altimetr�a thn teleuta�a de-kaet�a, �qei xeper�sei kat� pol� to dipl�sio tou �gkou twn dedom�nwn pou �qoun sulleqje�me paradosiako�c tr�pouc ap� tic arq�c tou ai�na. H epanalamban�menh troqi� kai h mikr�per�odoc peristrof�c epitr�poun pl�on th mel�th fusik�n fainom�nwn taqe�ac ex�lixhc, taopo�a e�nai ad�nato na aniqneujo�n me tic klasik�c mej�douc parat�rhshc.Epipl�on, h efarmog� thc doruforik�c teqnolog�ac se apostol�c prosanatolism�nec apo-kleistik� sth mel�th kai katagraf� twn idiot�twn tou g�inou ped�ou bar�thtac ja odhg�seisthn perait�rw ex�lixh thc epist�mhc thc fusik�c gewdais�ac kai ston akrib�stero pros-diorism� thc epif�neiac tou geweido�c. Oi programmatism�nec apostol�c ja diark�sounper�pou 5 qr�nia kai m�sa sto di�sthma aut� ja exet�soun, t�so to m�so ped�o thc g�inhcbar�thtac, �so kai tic mikrometabol�c pou aut� parousi�zei. Kat� seir� parous�ashc kaiprogrammatismo� ekt�xeushc oi eidik�c apostol�c e�nai:� CHAllenging Mini-Satellite Payload { CHAMP, me programmatism�nh ekt�xeush m�sasto 2000 (http://www.gfz-potsdam.de/pb1/CHAMP/champ.htm)� Gravity Recovery And Climate Experiment { GRACE, me programmatism�nh ekt�xeu-sh ton Io�nio tou 2001 (http://www.csr.texas.edu/grace/mission)� Gravity �eld and steady-state Ocean Circulation Explorer { GOCE, me programma-tism�nh ekt�xeush to 2004 (http://www.gfy.ku.dk/�cct/gocefi11.htm)Oi apostol�c aut�c ja bohj�soun sthn ex�lixh thc gewdais�ac, thc wkeanograf�ac kaitwn gewepisthm�n genik�tera, kaj�c ja prosf�roun metr�seic uyhl�c akr�beiac kai kat'ep�ktash meg�lo �gko dedom�nwn se mikr� sqetik� qr�no. H apa�thsh thc taqe�ac epexer-gas�ac twn dedom�nwn twn doruforik�n apostol�n kai oi auxhm�nec apait�seic sthn akr�beiatwn prosdiorist�wn param�trwn odhgo�n sthn anap�feukth tropopo�hsh twn palai�terwnmej�dwn epexergas�ac � thn pr�tash n�wn mej�dwn sunduasmo�, �pwc parousi�zontai sthnparo�sa mel�th.



KEFALAIO 1 51.4 H axiopo�hsh twn fasmatik�n teqnik�nTo pl�joc twn s�gqronwn dedom�nwn stic epist�mec thc gewdais�ac kai thc wkeanograf�acod�ghsan sthn tropopo�hsh twn mej�dwn epexergas�ac. H epipl�on an�ptuxh thc epist�mhctwn hlektronik�n upologist�n sun�bale sth metabol� aut�, afo� pl�on pol�plokec diadi-kas�ec e�nai dunat� na ektelesto�n me uyhl� akr�beia, d�qwc axi�logo qronik� k�stoc. Ois�gqronoi upologist�c par�qoun th dunat�thta thc suneqo�c kai sullogik�c antimet�pishctwn dedom�nwn, to diaqwrism� thc suneisfor�c touc kai thn axiol�ghsh thc poi�tht�c touc.Tic teleuta�ec dekaet�ec parousi�sthkan tropopoihm�nec m�jodoi epexergas�ac sto q�rotwn suqnot�twn, oi opo�ec sthr�zontai sthn efarmog� twn metasqhmatism�n Fourier kaieidik�tera m�ac sugkekrim�nhc morf�c touc, h opo�a qrhsimopoie�tai eur�wc sta progr�mmatahlektronik�n upologist�n, thc morf�c twn taq�wn metasqhmatism�n Fourier (Fast FourierTransforms { FFT) [11]. H efarmog� twn teqnik�n FFT sth fusik� gewdais�a parousi�zetaisto kef�laio 2.Par�la ta anamfisb�thta pleonekt�mata twn FFT sthn epexergas�a twn gewdaitik�ndedom�nwn, �son afor� sthn taq�thta twn diadikasi�n, up�rqei h basik� adunam�a axiol�-ghshc thc akr�beiac twn apotelesm�twn. Ta apotel�smata pou prok�ptoun parousi�zontaiqwr�c th sunode�a k�poiac pos�thtac, h opo�a na ekfr�zei thn eswterik� �stw akr�beiathc ekt�mhshc. M�a ekt�mhsh thc akr�beiac e�nai dunat� na prok�yei efarm�zontac to n�momet�doshc twn sfalm�twn. Opwsd�pote �mwc h diadikas�a aut� akolouje� th diadikas�a thcpros�ggishc kai se kami� per�ptwsh den antimetwp�zetai wc m�roc thc mej�dou ekt�mhshc.Epipl�on, oi teqnik�c twn FFT adunato�n na sundu�soun eterogene�c phg�c dedom�nwn kaina {metad�soun} ta sf�lmata twn parathr�sewn stic ektim�seic-progn�seic. Oi d�o aut�cbasik�c adunam�ec �tan to k�nhtro gia th mel�th kai thn oloklhrwm�nh parous�ash twnmej�dwn eis�dou-ex�dou, oi opo�ec anal�ontai sthn paro�sa mel�th.H jewr�a twn susthm�twn eis�dou-ex�dou [1], [12] e�nai m�a ak�mh fasmatik� teqnik�kai bas�zetai sthn efarmog� twn FFT sth gewdais�a. Basik�c st�qoc thc jewr�ac e�nai osunduasm�c thc eterogeno�c f�shc twn dedom�nwn axiopoi�ntac th gn�sh twn fasmatik�ntouc idiot�twn m�sa ap� �na klasik� krit�rio elaqistopo�hshc tou sf�lmatoc thc ekt�mhshc.H fasmatik� f�sh thc mej�dou apotele� �na ap� ta shmantik�tera pleonekt�mata sthntaqe�a kai apotelesmatik� antimet�pish meg�lou �gkou dedom�nwn. H m�jodoc bas�zetaisthn kat�llhlh tropopo�hsh twn sunart�sewn s�ndeshc twn emplekom�nwn posot�twn, hopo�a epitugq�netai met� ap� thn elaqistopo�hsh tou l�gou tou jor�bou-proc-s�ma (noise-to-signal ratio). Me ton tr�po aut�, ta sf�lmata twn parathr�sewn e�nai pl�on dunat�na {metadojo�n} stic ektim�seic twn agn�stwn param�trwn. O j�ruboc sthn e�sodo apo-makr�netai me thn efarmog� katall�lou f�ltrou kai par�qontai oi ektim�seic twn sfalm�twntwn agn�stwn posot�twn. Meg�lo pleon�kthma thc mej�dou twn susthm�twn eis�dou-ex�dou apotele� kai h mikr�terh di�stash twn pin�kwn pou qrhsimopoio�ntai se s�gkrish metic teqnik�c sto q�ro twn apost�sewn (p.q., shmeiak� prosarmog�). H fasmatik� f�shthc mej�dou epitr�pei thn dia�resh twn pin�kwn pou anal�ontai (dia�resh suqn�thta mesuqn�thta), ant� thc pol�plokhc diadikas�ac thc antistrof�c, pou qrhsimopoie�tai stic kla-sik�c mej�douc.Par�la ta anamfisb�thta pleonekt�mata thc mej�dou parousi�zontai kai merik�c adu-nam�ec sthn efarmog� thc me th qr�sh gewdaitik�n dedom�nwn. Apara�thth gia th jewrhtik�tekmhr�wsh thc mej�dou e�nai h paradoq� thc mh �parxhc susq�tishc metax� tou kajaro�s�matoc kai tou jor�bou sthn e�sodo. Ep�shc, apaite�tai h gn�sh thc fasmatik�c morf�ctwn sfalm�twn sthn e�sodo kai �qi apl�c ta sf�lmata aut� kajeaut�. Sthn �lh diadikas�aempl�ketai kai h stasim�thta tou ped�ou tou jor�bou, afo� �tan aut� parale�petai q�netai halgebrik� apl�thta thc l�shc. Periss�tera gia ta pleonekt�mata kai ta meionekt�mata thcmej�dou parousi�zontai sto kef�laio 6, �pou prote�nontai kai l�seic gia thn antimet�pishtwn meionekthm�twn.



6 EISAGWGH1.5 H an�lush twn perieqom�nwn thc mel�thcSthn paro�sa mel�th d�netai �mfash sthn oloklhrwm�nh parous�ash thc jewr�ac twn su-sthm�twn eis�dou-ex�dou kai idia�tera sthn per�ptwsh eterogen�n dedom�nwn bar�thtac,uyometr�ac, dedom�nwn GPS kai altimetr�ac. Idia�terh shmas�a d�netai sthn an�lush twngenikeum�nwn susthm�twn pollapl�c eis�dou-pollapl�c ex�dou me j�rubo kai sthn an�ptuxhtwn sq�sewn pin�kwn pou sund�oun tic ektim�seic twn shm�twn ex�dou twn genikeum�nwnsusthm�twn kai tic ektim�seic twn sunart�sewn sfalm�twn twn ektim�sewn. H an�ptuxh semhtrwik� morf� twn anwt�rw sq�sewn parousi�zetai gia pr�th for� sthn paro�sa ergas�a.H per�ptwsh twn epanalamban�menwn metr�sewn twn altimetrik�n doruf�rwn apotele�thn kat�llhlh morf� dedom�nwn gia thn efarmog� twn algor�jmwn prosdiorismo� twn su-nart�sewn perigraf�c tou jor�bou sthn e�sodo. Parousi�zontai gia pr�th for� kat�llhlecdiadikas�ec pros�ggishc twn sunart�sewn aut�n, axiopoi�ntac thn epanalamban�menh plh-rofor�a twn s�gqronwn altimetrik�n doruf�rwn. Parousi�zetai h ep�drash thc epilog�cthc sun�rthshc perigraf�c twn sfalm�twn sthn e�sodo sthn telik� eswterik� akr�beia thcekt�mhshc. Diatup�nontai t�loc orism�nec prot�seic gia thn antimet�pish twn problhm�twnkai twn duskoli�n thc efarmog�c thc mej�dou stic gewepist�mec.Akolouje� analutik� h parous�ash twn kefala�wn thc diatrib�c:Sto de�tero kef�laio parousi�zontai oi genik�c arq�c an�lushc tou ped�ou bar�thtackai d�nontai oi jemeli�deic exis�seic pros�ggishc twn param�trwn tou. Perigr�fontaioi arq�c twn problhm�twn twn sunoriak�n tim�n pou isq�oun sth fusik� gewdais�a kaioi k�riec l�seic pou prote�nontai gia thn ep�lus� touc. Anaf�retai h teqnik� sundua-smo� {apom�krunshc � epanafor�c} pou qrhsimopoie�tai sthn pros�ggish tou geweido�cse sun�rthsh me tic l�seic twn sunoriak�n problhm�twn. Anal�ontai oi phg�c twn de-dom�nwn pou qrhsimopoio�ntai sthn pros�ggish tou ped�ou bar�thtac kai to f�sma twnsuqnot�twn, sto opo�o aut� anaf�rontai. Sth sun�qeia, anapt�ssontai oi teqnik�c pouefarm�zontai gia tic anagwg�c kai tic diorj�seic twn baruthmetrik�n dedom�nwn ap� thnep�drash thc topograf�ac kai thc bajumetr�ac, �tsi �ste oi metr�seic na br�skontai stos�noro thc epif�neiac pou prosegg�zetai. Parousi�zontai oi anagwg�c kai oi diorj�seic sesun�rthsh me touc alg�rijmouc {apom�krunshc � epanafor�c} tou ped�ou kai anal�ontai oif�seic pros�ggishc se b�mata. Akolouje� h parous�ash twn diaforetik�n susthm�twn uy�npou qrhsimopoio�ntai sth gewdais�a kai prosegg�zontai oi mej�doi perigraf�c tou ped�oubar�thtac. 'Emfash d�netai sthn katan�hsh twn jemeliwd�n axiwm�twn k�je pros�ggishc.Sth sun�qeia, parousi�zontai oi efarmog�c twn fasmatik�n teqnik�n tou ped�ou bar�thtacse ep�pedh kai se sfairik� pros�ggish. Sto teleuta�o m�roc tou kefala�ou anal�ontai oiteqnik�c pros�ggishc twn sunart�sewn pukn�thtac f�smatoc, oi opo�ec apotelo�n tic jeme-liak�c sunart�seic perigraf�c twn fasmatik�n idiot�twn twn dedom�nwn kai twn sfalm�twntouc sth jewr�a twn susthm�twn.To tr�to kef�laio anaf�retai sth doruforik� altimetr�a. Perigr�fontai en suntom�aoi apostol�c twn doruf�rwn m�qri s�mera, kaj�c kai oi programmatism�nec gia to �mesom�llon. Parousi�zetai h arq� thc doruforik�c altimetr�ac kai anal�ontai oi phg�c twnsfalm�twn kai oi tr�poi antimet�pis�c touc. Idia�terh anafor� g�netai sto troqiak� akti-nik� sf�lma kai parousi�zontai kai sugkr�nontai tr�poi montelopo�hs�c tou. Akolouje�h perigraf� thc proepexergas�ac kai thc sun�rjwshc twn altimetrik�n dedom�nwn, �pouanal�ontai ta tr�a kuri�tera mont�la sun�jrwshc kai perigr�fontai ta pleonekt�mata kaita meionekt�mata tou kajen�c. T�loc, parousi�zontai oi tr�poi pros�ggishc tou altime-triko� geweido�c.Sto t�tarto kef�laio anaf�rontai oi basik�c arq�c thc jal�ssiac baruthmetr�ac, hopo�a, m�qri stigm�c, apotele� th basik� phg� prwtogen�n baruthmetrik�n dedom�nwn sthj�lassa. Anal�etai h metrhtik� epexergas�a kai anaf�rontai oi diorj�seic pou efarm�-zontai stic arqik�c metr�seic, l�gw tou idi�morfou jal�ssiou perib�llontoc. Kathgo-riopoio�ntai oi basik�c phg�c twn sfalm�twn m�trhshc thc bar�thtac sth j�lassa kaianapt�ssontai tr�poi proepexergas�ac, sun�rjwshc kai poiotiko� el�gqou twn parathr�se-



KEFALAIO 1 7wn. T�loc, parousi�zontai parade�gmata efarmog�n pros�ggishc jal�ssiou baruthmetriko�geweido�c.To p�mpto kef�laio apotele� ousiastik� m�a eisagwg� stic jewr�ec kai tic mej�doucpou akoloujo�ntai sth fusik� wkeanograf�a gia thn pros�ggish thc wke�niac kuklofor�ackai thc dunamik�c jal�ssiac topograf�ac. Perigr�fontai oi idi�thtec tou jal�ssiou nero�kai h diadikas�a kai oi adunam�ec twn metr�sewn twn idiot�twn aut�n. Eis�gontai oi ba-sik�c arq�c thc wke�niac kuklofor�ac, oi fusiko� n�moi kai oi dun�meic ep�drashc pou thdi�poun. Anaf�rontai ta kur�arqa re�mata tou plan�th kai apodeikn�etai h genik� ex�swshthc k�nhshc twn wke�niwn reum�twn. Parousi�zetai h aplopoihm�nh jewr�a thc gewstro-fik�c ro�c kai oi endiaf�rousec efarmog�c thc sth gewdais�a kai thn wkeanograf�a. T�loc,anaf�retai h istorik� ex�lixh twn mont�lwn thc wke�niac kuklofor�ac kai oi sq�seic touc meta mont�la pr�gnwshc twn klimatologik�n fainom�nwn, �pwc ep�shc kai oi wkeanografik�cefarmog�c tou ped�ou bar�thtac.Sto �kto kef�laio anal�etai h jewr�a twn susthm�twn eis�dou-ex�dou. To kef�laioaut� apotele� to k�rio ereunhtik� m�roc thc diatrib�c. Melet�ntai oi n�ec m�jodoi sundua-smo� eterogen�n dedom�nwn kai prote�nontai l�seic gia ta probl�mata pou antimetwp�zei hefarmog� touc stic gewepist�mec. Anapt�ssontai oi basik�c idi�thtec perigraf�c twn sto-qastik�n dedom�nwn kai parousi�zontai oi sunart�seic suntonismo� pou ekfr�zoun th gram-mik�thta twn susthm�twn. H jewr�a twn susthm�twn eis�getai katarq�n me thn aplo�sterhmorf� thc, dhlad� to s�sthma apl�c eis�dou-apl�c ex�dou, qwr�c thn parous�a jor�bou. Heisagwg� tou jor�bou sunep�getai thn an�lush katall�lwn krithr�wn me sk�po thn elaqi-stopo�hs� tou sthn �xodo. Perigr�fontai �tsi oi diadikas�ec gia thn arqik� ekt�mhsh thcb�ltisthc sun�rthshc ap�krishc suqn�thtac, h opo�a apotele� ton par�gonta s�ndeshc twnparathr�sewn kai twn ektim�sewn twn agn�stwn sto q�ro twn suqnot�twn. Anaf�retaih efarmog� twn apl�n susthm�twn ston prosdiorism� tou geweido�c kai parousi�zetai oalg�rijmoc prosdiorismo� twn ektim�sewn twn agn�stwn kai thc sun�rthshc pukn�thtacf�smatoc twn sfalm�twn. Akolouje� to mont�lo pollaplo� s�matoc eis�dou-apl�c ex�dou,to opo�o kai apotele� thn arqik� gen�keush twn susthm�twn. Perigr�fetai h enia�a an�lushtou pollaplo� sust�matoc, kaj�c ep�shc kai h diadikas�a kat� b�mata, pou pro�poj�tei tonupologism� twn susqet�sewn metax� twn shm�twn eis�dou. Sth sun�qeia, parousi�zetai hgenikeum�nh morf� thc jewr�ac twn susthm�twn, to s�sthma pollapl�c eis�dou-pollapl�cex�dou, kai anapt�ssontai oi genikeum�noi alg�rijmoi se mhtrwik� morf�. Anal�etai hmorf� tou sust�matoc me thn parous�a jor�bou kai parousi�zontai jewrhtik� parade�gmataefarmog�c twn genikeum�nwn susthm�twn sthn pros�ggish tou ped�ou bar�thtac. Idia�terh�mfash d�netai sth morf� twn telik�n sq�sewn pin�kwn me sk�po thn e�kolh algorijmik�touc epexergas�a. To teleuta�o m�roc tou kefala�ou asqole�tai me to pr�blhma tou jor�boueis�dou. Parousi�zontai di�foroi tr�poi prosomo�wshc tou jor�bou twn metr�sewn kaiprote�nontai n�ec m�jodoi pros�ggishc thc sun�rthshc pukn�thtac f�smatoc twn sfalm�twntwn metr�sewn me th qrhsimopo�hsh epanalamban�menwn deigmatik�n tim�n, �pwc sthnper�ptwsh thc doruforik�c altimetr�ac kai twn epike�menwn doruforik�n apostol�n pa-rat�rhshc tou g�inou ped�ou.Sto teleuta�o kef�laio parousi�zontai oi efarmog�c thc jewr�ac twn susthm�twn stob�ltisto sunduasm� eterogen�n dedom�nwn. Oi perioq�c pou epil�gontai br�skontai kat�kan�na sthn ellhnik� epikr�teia, �pou ta diaj�sima eterogen� dedom�na sundu�zontai b�l-tista gia thn ekt�mhsh param�trwn tou ped�ou bar�thtac. Perioq�c ekt�c Ell�dac qrhsi-mopoio�ntai kur�wc l�gw twn gewfusik�n idiaiterot�twn touc kai thc meg�lhc touc �kta-shc, �tsi �ste na e�nai efikt� h dokim� twn mej�dwn se eur�terec perioq�c efarmog�n. Tokef�laio qwr�zetai se d�o m�rh: tic mel�tec prosomo�wshc kai tic mel�tec me pragmatik� de-dom�na. Stic mel�tec prosomo�wshc dhmiourgo�ntai ped�a tuqa�wn jor�bwn m�sw genn�triactuqa�wn arijm�n. Melet�tai h ep�drash thc morf�c thc katanom�c tou jor�bou eis�dousthn ekt�mhsh ex�dou kai h diafor� metax� tou s�matoc eis�dou kai ex�dou. Dokim�zetaime ton tr�po aut�n h euaisjhs�a thc mej�dou sto j�rubo eis�dou kai parousi�zontai gra-fik�c parast�seic an�lushc twn epidr�sewn tou jor�bou sta apotel�smata. Akolouje�



8 EISAGWGHh mel�th twn sunart�sewn metablhtot�twn twn sfalm�twn an�loga me th morf� kai tom�gejoc tou jor�bou eis�dou. Parousi�zetai sth sun�qeia h efarmog� thc jewr�ac twnsusthm�twn sthn pros�ggish twn apokl�sewn thc katakor�fou. Melet�tai h ep�drash thcm�shc tim�c twn ped�wn ston upologism� twn sunart�sewn pukn�thtac f�smatoc, kaj�cep�shc kai tou bajmo� an�ptuxhc tou gewdunamiko� mont�lou pou qrhsimopoie�tai. Pe-rigr�fetai ak�ma h diadikas�a sunduasmo� metr�sewn GPS-gewmetrik�c qwrost�jmhshckai metr�sewn bar�thtac sthn pros�ggish tou geweido�c sunduasmo� se topik� kl�maka(perioq� thc Jessalon�khc), �pwc ep�shc kai o sunduasm�c metr�sewn GPS-gewmetrik�cqwrost�jmhshc, altimetriko� geweido�c kai anwmali�n eleuj�rou a�ra sthn pros�ggishtou jal�ssiou geweido�c. Stic mel�tec me th qr�sh pragmatik�n dedom�nwn akoloujo�ntaioi diadikas�ec pros�ggishc thc sun�rthshc pukn�thtac f�smatoc pou parousi�zontai stokef�laio 6. Exet�zetai h sunduasm�nh pros�ggish thc dunamik�c jal�ssiac topograf�acqrhsimopoi�ntac tic s�gqronec altimetrik�c metr�seic kai ta jal�ssia baruthmetrik� de-dom�na gia thn perioq� thc Mesoge�ou. Melet�tai h et�sia sumperifor� twn dedom�nwnthc altimetr�ac m�sw thc pros�ggish thc sun�rthshc pukn�thtac f�smatoc se et�sia b�sh.Akolouje� h pros�ggish thc gewstrofik�c ro�c pou prok�ptei ap� thn ekt�mhshc thc duna-mik�c jal�ssiac topograf�ac sunduasmo�. H �dia efarmog� pragmatopoie�tai sthn eur�terhperioq� tou B�reiou Atlantiko� wkeano�. T�loc, parousi�zontai oi mel�tec pros�ggishc tougeweido�c ston ellhnik� q�ro kai tou topiko� geweido�c thc eur�terhc perioq�c tou nomo�Jessalon�khc qrhsimopoi�ntac th jewr�a twn genikeum�nwn susthm�twn gia to sunduasm�twn eterogen�n dedom�nwn.Ap� to s�nolo twn arijmhtik�n peiram�twn apodeikn�etai h dunat�thta qr�shc pol�-plokwn jewri�n se praktik� kai efarmosm�na j�mata, kaj�c d�noun l�seic se probl�matakajorismo� epifanei�n anafor�c, prosdiorismo� j�shc, enopo�hshc kai omogenopo�hshc gei-tonik�n datum, k.a. Ta probl�mata aut� kal�ptoun tic apait�seic diepisthmonik�n efar-mog�n koino� prosanatolismo� se �lo to f�sma twn gewepisthm�n. Apodeikn�etai �tsi, �tih basik� jewrhtik� �reuna, m�sa ap� thn kat�llhlh algorijmik� epexergas�a, e�nai dunat�na kataste� qr�simo ergale�o ep�lushc problhm�twn efarmog�n.
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Kef�laio 2To ped�o bar�thtac2.1 Genik� gia ta gewdaitik� probl�mata sunoriak�ntim�n'Opwc e�nai gnwst�, to antike�meno thc epist�mhc thc gewdais�ac sqet�zetai me ton prosdio-rism� tou sq�matoc thc epif�neiac thc Ghc kai thn pros�ggish tou exwteriko� g�inou ped�oubar�thtac. Gia thn pros�ggish tou exwteriko� ped�ou bar�thtac qrhsimopoio�ntai oi jewr�ectwn gewdaitik�n problhm�twn sunoriak�n tim�n, s�mfwna me tic opo�ec h pros�ggish epi-tugq�netai me thn an�lush parathr�sewn diaf�rwn sunistws�n tou ped�ou bar�thtac, oiopo�ec anaf�rontai sto s�noro thc g�inhc epif�neiac. H �nnoia thc sunoriak�c g�inhcepif�neiac wc anafor�c �lwn twn ep�geiwn parathr�sewn, me skop� thn pros�ggish touexwteriko� ped�ou, sqet�zetai �mesa me th jemeli�dh diaforik� sq�sh twn Laplace kai Pois-son.To g�ino dunamik� (gravity potential) diakr�netai se d�o sunist�sec:� To dunamik� �lxhc (gravitational or attraction potential) pou ofe�letai sthn �lxhtwn maz�n me b�sh th Neut�neia jewr�a.� To fugokentrik� dunamik� (centrifugal potential) pou ofe�letai sthn �parxh thcperistrofik�c k�nhshc thc Ghc.To dunamik� �lxhc ikanopoie� thn ex�swsh tou Poisson:�V = �4�G�; (2.1)�pou me� sumbol�zetai o telest�c tou Laplace, G e�nai h Neut�neia stajer� thc pagk�smiac�lxhc kai � h pukn�thta twn maz�n.� = @2@x2 + @2@y2 + @2@z2 (2.2)en� sthn per�ptwsh pou to shme�o upologismo� br�sketai ekt�c twn maz�n isq�ei h ex�swshtou Laplace: �V = @2V@x2 + @2V@y2 + @2V@z2 = 0 (2.3)Oi exis�seic pou ikanopoio�n thn (2.3) apotelo�n mia eidik� kathgor�a sunart�sewn kaionom�zontai armonik�c (harmonic functions). To g�ino ped�o bar�thtac den ikanopoie� thsunj�kh thc armonik�thtac, giat� peri�qei kai ton �ro pou ofe�letai sto fugokentrik� du-namik� [32]. To dunamik� thc bar�thtac mpore� na diaqwriste� se �na kanonik� m�roc, to11



12 TO PEDIO BARUTHTASopo�o mpore� na upologiste� me th bo�jeia majhmatik�n sq�sewn kai se �na upoloip�menodiataraktik� m�roc. Gia to diataraktik� dunamik� T isq�ei:T =W � U = V +�� (V 0 +�) = V � V 0; (2.4)�pou V to pragmatik� dunamik� �lxhc, V 0 to kanonik� dunamik� �lxhc kai � to fugoken-trik� dunamik�. To diataraktik� dunamik� prok�ptei ap� th diafor� d�o armonik�n su-nart�sewn kai epom�nwc ikanopoie� thn ex�swsh tou Laplace. H idi�thta thc armonik�thtace�nai jemeli�dhc sta gewdaitik� probl�mata, giat� m�no armonik�c sunart�seic mporo�n naprosdioristo�n ep�nw sth sunoriak� epif�neia.H �nnoia tou diaqwrismo� sqet�zetai me thn klasik� antimet�pish twn problhm�twnthc fusik�c gewdais�ac: to parathro�meno m�gejoc diaqwr�zetai sto m�roc pou mpore� naupologiste� jewrhtik�, m�sw k�poiou mont�lou, kai en�c upoloip�menou m�rouc pou apotele�th diafor� tou mont�lou ap� th fusik� pragmatik�thta.Sthn per�ptwsh tou g�inou ped�ou bar�thtac th j�sh tou mont�lou thc Ghc katalamb�nei�na elleiyoeid�c ek peristrof�c, gia to opo�o isq�oun oi paradoq�c:1. H m�za tou elleiyoeido�c-mont�lou lamb�netai �sh me thn pragmatik� g�inh m�za.2. H taq�thtac peristrof�c tou elleiyoeido�c-mont�lou iso�tai me thn taq�thta peri-strof�c thc pragmatik�c Ghc.3. To k�ntro m�zac tou elleiyoeido�c-mont�lou sump�ptei me to k�ntro m�zac thc prag-matik�c Ghc.Prin analujo�n oi kathgor�ec twn gewdaitik�n problhm�twn sunoriak�n tim�n, ja doje��nac orism�c thc sunoriak�c epif�neiac. 'Enac pr�toc orism�c ja �tan �ti h sunoriak�epif�neia sump�ptei me thn epif�neia tou ed�fouc. O orism�c aut�c �mwc den ja �tanapol�twc swst�c. Kai aut� giat� sthn epif�neia tou ed�fouc up�rqoun di�fora antike�mena,twn opo�wn h qamhl� pukn�thta de sqet�zetai me tic pukn�thtec twn maz�n pou lamb�nontaiup�yh stic metr�seic bar�thtac. Mpore� ep�shc na leqje� �ti ta antike�mena aut� eis�goun�na posost� jor�bou uyhl�c suqn�thtac sto baruthmetrik� s�ma. Ekt�c aut�n, h lepto-mer�c epif�neia tou pragmatiko� ed�fouc kajist� tic anagwg�c twn baruthmetrik�n po-sot�twn ad�natec. Ja pr�pei loip�n, wc sunoriak� epif�neia na jewrhje� mia epif�neiaomal�, t�toia pou na pragmatopoio�ntai me eukol�a oi anagwg�c twn metr�sewn sto s�noro,qwr�c thn eisagwg� meg�lwn sfalm�twn tou mont�lou se s�gkrish me to j�rubo. Oidiorj�seic pou efarm�zontai stic baruthmetrik�c pos�thtec, l�gw twn topografik�n epidr�-sewn, �qoun wc apot�lesma thn anagwg� twn metr�sewn se mia omal� sunoriak� epif�neia.An h gewmetr�a thc sunoriak�c epif�neiac e�nai gnwst�, t�te to diataraktik� dunamik� Te�nai h monadik� �gnwsth pos�thta tou probl�matoc. To ant�stoiqo pr�blhma sunoriak�ntim�n onom�zetai orism�no (�xed geodetic boundary value problem). 'Otan sto di�nusmatwn agn�stwn prost�jentai kai ta gewmetrik� stoiqe�a thc j�shc thc sunoriak�c epif�neiac,t�te ta ant�stoiqa probl�mata onom�zontai ele�jera (free). Sthn per�ptwsh aut�, mpore�na jewrhje� �ti oi �gnwstec pos�thtec e�nai, ekt�c ap� to diataraktik� dunamik�, kai oi treicsunist�sec tou dian�smatoc j�shc twn shme�wn thc sunoriak�c epif�neiac. To e�doc aut� tousunoriako� probl�matoc onom�zetai dianusmatik� ele�jero (vectorial free). E�nai dunat�na jewrhjo�n wc gnwst�c oi oriz�ntiec suntetagm�nec twn shme�wn thc sunoriak�c epif�neiackai wc �gnwstec pos�thtec h katak�rufh suntetagm�nh kai to diataraktik� dunamik�. Topr�blhma onom�zetai se aut�n thn per�ptwsh ele�jero kat� kl�maka (scalar free) [31].Oi l�seic sta probl�mata twn sunoriak�n tim�n pou anaf�rjhkan, diakr�nontai se d�okathgor�ec: Tic klasik�c, me antiproswpeutik�terh thn pros�ggish tou Stokes kai tics�gqronec, me antiproswpeutik�terh th l�sh tou Molodensky.S�mfwna me ton Stokes [79], {up�rqei m�no m�a armonik� sun�rthsh pou na �qei dosm�necsunoriak�c tim�c ep�nw se m�a epif�neia, ef�son mia t�toia sun�rthsh up�rqei}. O Stokesjewre� wc sunoriak� epif�neia to geweid�c (geoid), dhlad� thn isodunamik� epif�neia tou



KEFALAIO 2 13ped�ou bar�thtac pou prosegg�zei th m�sh st�jmh twn jalass�n se pagk�smia kl�maka,qwr�c na l�boume up�yh thn ep�drash twn jalass�wn reum�twn, twn palirroi�n, twn planh-tik�n epidr�sewn kai twn metewrologik�n fainom�nwn.

Sq�ma 2.1: Oi jemeli�deic epif�neiec sto pr�blhma tou Stokes.S�mfwna me to Molodensky [53], wc sunoriak� epif�neia mpore� na jewrhje� h epif�neiatou ed�fouc, sthn opo�a pragmatopoio�ntai oi metr�seic. To pr�blhma tou Molodenskympore� na diatupwje� wc ex�c: {E�n ep�nw se �la ta shme�a thc g�inhc epif�neiac dojo�n todunamik� thc bar�thtac kai to di�nusma thc bar�thtac, na prosdioriste� h epif�neia}.

Sq�ma 2.2: Oi jemeli�deic epif�neiec sto pr�blhma tou Molodensky.H klasik� l�sh pou anaf�rei o Stokes pro�poj�tei thn anagwg� �lwn twn metr�sewn sthsunoriak� epif�neia tou geweido�c. Me th seir� touc oi anagwg�c twn metr�sewn apaito�ngn�sh thc pukn�thtac twn maz�n metax� thc g�inhc epif�neiac metr�sewn kai thc sunoriak�cepif�neiac tou geweido�c kai epom�nwc thn eisagwg� paradoq�n gia thn katanom� twn g�inwnmaz�n. Oi paradoq�c aut�c den uf�stantai, �tan h l�sh d�netai ap� th s�gqronh jewr�atou Molodensky, giat� wc sunoriak� epif�neia lamb�netai h g�inh epif�neia. S�mfwna meth l�sh tou Stokes, wc prosdiorist�ec pos�thtec mpore� na jewrhjo�n to geweid�c (wcsunoriak� epif�neia) kai to diataraktik� dunamik�, en� s�mfwna me to Molodensky, wc



14 TO PEDIO BARUTHTASprosdiorist�ec pos�thtec mpore� na jewrhjo�n h g�inh epif�neia (wc sunoriak� epif�neia)kai to diataraktik� dunamik�.S�mfwna me th l�sh tou Stokes, an upoj�soume �ti den up�rqoun m�zec ekt�c thcepif�neiac tou geweido�c, t�te to diataraktik� dunamik� T ja ikanopoie� thn ex�swsh touLaplace. Sthn per�ptwsh aut� h apoq� tou geweido�c, pou antiproswpe�ei thn ap�stashthc sunoriak�c epif�neiac ap� thn epif�neia tou elleiyoeido�c-mont�lou, ja d�netai ap� thjemeli�dh sq�sh tou Bruns: N = T
 ; (2.5)�pou 
 e�nai h tim� thc kanonik�c bar�thtac. Ap� ton orism� thc anwmal�ac thc bar�thtackai th sq�sh tou Bruns prok�ptei h jemeli�dhc ex�swsh thc fusik�c gewdais�ac [32], [82]:�g = �@T@h + 1
 @
@hT: (2.6)H jemeli�dhc ex�swsh thc fusik�c gewdais�ac apotele� th sunoriak� sunj�kh, thn opo�apr�pei na ikanopoie� to T sthn epif�neia tou geweido�c. H parap�nw sunj�kh pou isq�eisthn epif�neia tou sun�rou, kaj�c ep�shc kai h diaforik� ex�swsh tou Laplace, h opo�aisq�ei ekt�c sun�rou, apotelo�n tic basik�c sq�seic gia ton prosdiorism� tou diatara-ktiko� dunamiko� kai epom�nwc kai tou geweido�c. Anapt�ssontac thn armonik� sun�rthshtou diataraktiko� dunamiko� se seir� armonik�n sunart�sewn lamb�noume thn ex�swsh touStokes gia ton prosdiorism� tou geweido�c se sfairik� pros�ggish:N = R4�
 ZZ� S( )�gd�; (2.7)�pou R h m�sh g�inh akt�na, 
 mia m�sh tim� thc kanonik�c bar�thtac, � h sfairik� epif�neia,sthn opo�a isq�ei h sq�sh kai S( ) h sun�rthsh tou Stokes, h opo�a exart�tai ap� thsfairik� ap�stash  kai d�netai ap� thn kleist� sq�sh [32]:S( ) = 1sin( =2) � 6 sin( =2) + 1� 5 cos � 3 cos ln � sin( =2) + sin2( =2)� (2.8)Sthn en�thta 2.6 h ex�swsh tou Stokes parousi�zetai se suneliktik� morf� (convolutionform), gegon�c pou epitr�pei thn efarmog� fasmatik�n teqnik�n sthn pros�ggish tougeweido�c. Oi kl�seic tou geweido�c wc proc th die�junsh borr�-n�tou kai anatol�c-d�shcekfr�zontai me tic sunist�sec thc ap�klishc thc katakor�fou kat� meshmbrin� kai kat�par�llhlo, ant�stoiqa [32]: � = 14�
 ZZ� V ( )�g cos�d�� = 14�
 ZZ� V ( )�g sin�d� (2.9)�pou � to azimo�jio sto shme�o upologismo� kai V ( ) h sun�rthsh Vening-Meinesz, h opo�ad�netai ap� thn kleist� sq�sh [32]:V ( ) = dSd = � cos( =2)2 sin2( =2) + 8 sin � 6 cos( =2)� 31� sin( =2)sin + 3 sin ln[sin( =2) + sin2( =2)] (2.10)



KEFALAIO 2 15H l�sh pou prote�nei oMolodensky anaf�rei th g�inh epif�neia wc s�noro kai oi metr�seicpou sqet�zontai me ton prosdiorism� thc anaf�rontai sthn �dia thn epif�neia. Epom�nwc, hepif�neia mpore� na prosdioriste� wc sun�rthsh tou dunamiko� kai tou dian�smatoc thcbar�thtac: S = f(WS ; ~gS); (2.11)�pou f e�nai o �gnwstoc telest�c tou Molodensky kai ~gS = gradWS . O telest�c tou Molo-densky e�nai mh grammik�c telest�c kai akolouje�tai diadikas�a grammikopo�hs�c tou kat�Taylor [81]. H epif�neia S prosegg�zetai ap� mia gnwst� epif�neia pou onom�zetai telou-roeid�c (telluroid), to dunamik� thc bar�thtac WS ap� to kanonik� dunamik� thc bar�thtacUS kai to di�nusma thc bar�thtac ~gS ap� thn kanonik� bar�thta ~
S = gradUS . Se sfairik�pros�ggish h sunoriak� sunj�kh e�nai h �dia me th l�sh tou Stokes (2.7). Oi Molodenskyet al. [53] d�noun th l�sh sto pr�blhma twn sunoriak�n tim�n ekfr�zontac to diataraktik�dunamik� T wc armonik� dunamik� miac lept�c epif�neiac ep�nw sto telouroeid�c. H l�shtou aplo� grammiko� probl�matoc tou Molodensky d�nei to diataraktik� dunamik� se seir�ape�rwn �rwn [81]: T = 1Xn=0Tn; (2.12)Tn = R4� ZZ� GnS( )d�: (2.13)Gia touc �rouc mhdenik�c kai pr�thc t�xhc (n = 0; 1) isq�oun:G0 = �gG1 = R2 ZZ� h� hPl30 k0d� (2.14)kai l0 = 2R sin  2 (2.15)me th bohjhtik� sun�rthsh k0 = 12� ��g + 32 T0R �: (2.16)H l�sh tou probl�matoc sunoriak�n tim�n tou Molodensky odhge� ston prosdiorism� twnanwmali�n �youc � (height anomalies) [32], oi opo�ec apotelo�n thn apoq� tou telou-roeido�c ap� th g�inh epif�neia, �, ant�stoiqa, thn apoq� tou elleiyoeido�c anafor�c ap�thn epif�neia tou sqed�n-geweido�c (quasi-geoid). Sth l�sh tou Molodensky oi anwmal�ec�youc e�nai dunat� na ekfrasto�n me thn an�ptuxh miac seir�c [9], [55], [71], [47], [12]:� 0 = �0 + �1 + �2 + �3 + � � � ; (2.17)�pou �n = R4�
 ZZ� GnS( )d�; n = 0; 1; (2.18)�n = R4�
 ZZ� GnS( )d� � R24�
 ZZ� (h� hP )2l30 Gn�2d�; n = 2; 3: (2.19)G0 = �g0 e�nai oi anwmal�ec bar�thtac pou anaf�rontai sto telouroeid�c. Oi ep�menoi treic�roi �qoun th morf� [12]:G1 = R22� ZZ� (h� hP )l30 G0d�;



16 TO PEDIO BARUTHTASG2 = R22� ZZ� (h� hP )l30 G1d� +G0 tan2 �; (2.20)G3=R22� ZZ� (h� hP )l30 G2d� +G1 tan2 � � 3R24� ZZ� (h� hP )3l50 G0d�;�pou � e�nai h sunolik� gwn�a kl�shc tou ed�fouc. Oi ant�stoiqec sq�seic gia ton upologism�twn sunistws�n thc ap�klishc thc katakor�fou upolog�zontai wc ex�c [32]:� �� � = ( � 1R @�@�� 1R cos� @�@� ) (2.21)Oi sunist�sec thc ap�klishc d�nontai s�mfwna me to pr�blhma tou Molodensky wc ex�c:� �� � = 14�
 Z�Z GnV ( )� cos�sin� � d�; n = 0; 1 (2.22)� �� � = 14�
 Z�Z GnV ( )� cos�sin� � d�� R4�
 Z�Z 3R cos( =2)(hP � h)2l40 � cos�sin� �Gn�2d�; n = 2; 3 (2.23)kai oi suntelest�c Gn d�nontai ap� tic (2.20).Sto klasik� pr�blhma sunoriak�n tim�n tou Stokes oi apoq�c tou geweido�c N upo-log�zontai ap� tim�c anwmali�n bar�thtac anhgm�nec sto geweid�c, me th bo�jeia thc ex�sw-shc tou Stokes. Oi anagwg�c sthn epif�neia tou geweido�c pragmatopoio�ntai uiojet�ntack�poiec paradoq�c gia thn pukn�thta twn maz�n pou mesolabo�n metax� thc g�inhc epif�-neiac kai tou geweido�c. Oi anagwg�c telik� ulopoio�ntai me th bo�jeia thc katak�rufhcbajm�dac thc kanonik�c bar�thtac s�mfwna me thn:gPo � gP � @
@hH; (2.24)�pou P e�nai to shme�o thc epif�neiac thc ghc kai Po e�nai to ant�stoiqo shme�o sth epif�neiatou geweido�c. H metafor� tou shme�ou P pragmatopoie�tai kat� m�koc thc katakor�fou,s�mfwna me thn probol� Helmert [32] (bl. sq�ma 2.1).Sto pr�blhma sunoriak�n tim�n tou Molodensky oi anwmal�ec �youc upolog�zontais�mfwna me th sq�sh: � = TQ
Q ; (2.25)�pou Q to shme�o upologismo� sto telouroeid�c (bl. sq�ma 2.2). H sq�sh pou sund�ei thnapoq� tou geweido�c N me thn anwmal�a �youc � d�netai wc ex�c:h = � +H� = N +H; (2.26)�pou H� e�nai h ap�stash tou elleiyoeido�c anafor�c ap� to telouroeid�c kai onom�zetaikanonik� uy�metro (normal height). Ap� thn (2.26) prok�ptei h sq�sh:N = � + (H� �H) = � + �� (2.27)kai qrhsimopoi�ntac touc orismo�c tou orjometriko� uyom�trou kai tou kanoniko� uyom�-trou lamb�netai h pos�thta �� wc [32]:�� = �g � �
�
 H � �gB�
 H; (2.28)



KEFALAIO 2 17�pou �g e�nai h m�sh tim� thc bar�thtac kat� m�koc thc katakor�fou, �
, h m�sh tim� thckanonik�c bar�thtac kat� m�koc thc kaj�tou kai �gB h tim� thc anwmal�ac Bouguer stoshme�o upologismo� P . H pos�thta �� sthn ex�swsh (2.28) e�nai dunat� na ermhneuje�wc o diorjwtik�c par�gontac gia thn {proc ta �nw ep�ktash} (upward continuation) twnuyom�trwn tou geweido�c ap� thn epif�neia thc j�lassac sto ep�pedo thc epif�neiac toued�fouc [73]. Kat� m�so �ro, h tim� thc di�rjwshc �� kuma�netai ap� merik� ekatost��wc kai 1 m�tro, se pol� orein�c perioq�c [82]. H di�rjwsh aut� pr�pei na g�netai sticanwmal�ec �youc, �tsi �ste ta apotel�smata na e�nai sugkr�sima me apoq�c tou geweido�cpou lamb�nontai ap� �llec phg�c metr�sewn, �pwc, p.q., altimetrik� dedom�na � metr�seicGPS.2.2 Teqnik� sunduasmo� {apom�krunshc � epanafor�c}(remove { restore)H s�gqronh gewdaitik� je�rhsh gia thn pros�ggish tou ped�ou bar�thtac pro�poj�tei thmetafor� tou probl�matoc tou b�ltistou sunduasmo� twn dedom�nwn ap� to q�ro twnapost�sewn sto q�ro twn suqnot�twn. H an�lush tou s�matoc stic kur�arqec suqn�tht�ctou sqet�zetai me thn teqnik� thc {apom�krunshc � epanafor�c}. H teqnik� aut� anaf�retaiston tr�po diaqwrismo� twn uyhl�n kai twn qamhl�n suqnot�twn ap� to metro�meno s�ma,�tsi �ste na prok�yei mia omalopoihm�nh seir� dedom�nwn, h opo�a ja mpore� na proseg-giste� me tic paradoq�c miac stoqastik�c diadikas�ac. Mia stoqastik� diadikas�a, �tanefarm�zetai sthn epif�neia miac sfa�rac, �qei th morf� seir�n sfairik�n armonik�n [55]:f(�; �) = 1Xn=0 nXm=0[anmPnm(cos �) cosm�+ bnmPnm(cos �) sinm�]; (2.29)�pou Pnm e�nai ta polu�numa tou Legendre kai anm, bnm oi suntelest�c tou anapt�gmatoc.O bajm�c an�ptuxhc twn sfairik�n armonik�n exart�tai ap� thn pukn�thta k�luyhc twnmetr�sewn bar�thtac sto s�noro thc epif�neiac. H pros�ggish tou ped�ou g�netai s�merame th bo�jeia meg�lou pl�jouc eterogen�n dedom�nwn. Ta dedom�na pou qrhsimopoio�ntaimpore� na e�nai doruforik�, ap� a�ra � ep�geia. Ta doruforik� dedom�na diakr�nontai seapeuje�ac parathr�seic thc troqi�c twn doruf�rwn, se altimetrik�c parathr�seic p�nw ap�wke�niec ekt�seic kai t�loc se �mesec doruforik�c metr�seic tou ped�ou (anamen�menoi do-ruf�roi GRACE, CHAMP kai GOCE). Oi ap� a�ra parathr�seic diakr�nontai sta de-dom�na thc ap� a�ra baruthmetr�ac kai bajmidometr�ac. Ta ep�geia dedom�na apotelo�ntaiap� metr�seic bar�thtac sth steri� � th j�lassa, metr�seic puknot�twn kai uy�metra toug�inou anagl�fou (sun�jwc yhfiak� mont�la ed�fouc). To meg�lo pl�joc twn dedom�nwnkajist� anagka�a th qr�sh twn fasmatik�n teqnik�n gia th gr�gorh pros�ggish tou ped�oubar�thtac.H qr�sh twn (2.7) kai (2.13) apaito�n thn �parxh anwmali�n bar�thtac katanemhm�nwnse ol�klhrh th sunoriak� epif�neia. K�ti t�toio den e�nai kaj�lou praktik� sthn per�ptwshtopik�n prosegg�sewn tou ped�ou bar�thtac. Epom�nwc, apara�thtec e�nai kat�llhlec tro-popoi�seic twn mej�dwn, �tsi �ste oi upologismo� na kal�ptoun to s�nolo tou f�smatoctou ped�ou. Oi (2.7) kai (2.13) efarm�zontai se mia periorism�nh perioq�. An ta apo-tel�smata twn efarmog�n twn sq�sewn metaferjo�n sto q�ro twn suqnot�twn kal�ptounm�non �na m�roc tou sunoliko� f�smatoc tou ped�ou bar�thtac, dhlad� tic m�sec suqn�thteckai tm�mata twn uyhl�n suqnot�twn. Gia thn pl�rh apeik�nish tou f�smatoc tou ped�ouefarm�zetai h teqnik� {apom�krunshc � epanafor�c}.Oi qamhl�c suqn�thtec tou f�smatoc tou ped�ou bar�thtac prosdior�zontai me th bo�jeiaPagk�smiwn Mont�lwn Bar�thtac (Global Gravity Models). Ousiastik� efarm�zontaiupologism�noi ek twn prot�rwn suntelest�c se anapt�gmata sfairik�n armonik�n an�logwnthc (2.29). Oi suntelest�c auto� �qoun upologiste� ap� dedom�na katanemhm�na se ol�klhrh



18 TO PEDIO BARUTHTASthn epif�neia thc Ghc me an�lush se meg�la upologistik� sust�mata (p.q., CRAY supercom-puters). Ta mont�la aut� mporo�n na diakrijo�n se Doruforik� Mont�la (Satellite-onlyModels), �tan gia ton upologism� twn suntelest�n �qoun qrhsimopoihje� amig�c dorufo-rik� dedom�na kai se Mont�la Sunduasmo� (Combined Models), �tan qrhsimopoio�ntaidoruforik� kai ep�geia dedom�na [6]. Oi strathgik�c el�gqou kai oi diadikas�ec sun�rjwshctwn dedom�nwn parousi�zontai analutik� ap� touc Rapp [63] kai Pavlis [61]. To mont�losunduasmo� pou kat� kan�na qrhsimopoie�tai stic efarmog�c s�mera e�nai to Earth GravityModel { EGM96, to opo�o prosdior�sthke ap� to k�ntro diasthmik�n pt�sewn Goddard(Goddard Space Flight Center { GSFC) thc NASA se sunergas�a me thn Ejnik� Uph-res�a Apeik�nishc kai Qartogr�fhshc twn H.P.A. (National Imagery and Mapping Agency{ NIMA) [42]. Oi suntelest�c tou mont�lou �qoun upologiste� gia bajm� kai t�xh 360kai epom�nwc to mont�lo �qei mia diakritik� ikan�thta 3000 [42]. Me thn efarmog� twnpagk�smiwn mont�lwn bar�thtac kal�ptetai to m�roc tou f�smatoc tou ped�ou pou afor�stic qamhl�c suqn�thtec.M�roc twn uyhl�n kai pol� uyhl�n suqn�thtwn sto f�sma tou ped�ou bar�thtac pros-dior�zetai �stera ap� epexergas�a twn plhrofori�n pou par�qoun oi egg�c gewmorfologiko�sqhmatismo� thc perioq�c upologismo�. 'Ena leptomer�c Yhfiak� Mont�lo Ed�fouc(Digital Terrain Model { DTM) par�qei thn apara�thth plhrofor�a gia thn apeik�nish touf�smatoc stic uyhl�c suqn�thtec. Ta yhfiak� mont�la ed�fouc apotelo�n thn tridi�stathapeik�nish tou anagl�fou thc perioq�c kai upolog�zontai e�te ap� yhfiopoi�seic uyome-trik�n qart�n, e�te fwtogrammetrik�, e�te t�loc me th bo�jeia eik�nwn thlepiskopik�ndoruf�rwn. Eidik�c om�dec ergas�ac thc Diejno�c 'Enwshc Gewdais�ac (International As-sociation of Geodesy { IAG) �qoun sustaje� me skop� ton �legqo thc axiopist�ac pagk�smiwnyhfiak�n mont�lwn ed�fouc. S�gqrona mont�la e�nai to ETOPO5 [17], to opo�o �qei dia-kritik� ikan�thta 50�50 kai to GLOBE [23], to opo�o apotele� th belt�wsh tou ETOPO5 mediakritik� ikan�thta 3000� 3000. Oi plhrofor�ec gia th bajumetr�a lamb�nontai ap� wkeano-grafik�c b�seic, �pwc h b�shDigital Bathymetric Data Base-Variable Resolution Version 1.0{ DBDB-V [15]. O diaqwrism�c uyometr�ac - bajumetr�ac sqet�zetai me tic diaforetik�c te-qnik�c epexergas�ac twn dedom�nwn. Oi teqnik�c pros�ggishc thc topograf�ac/bajumetr�acpoik�lloun, an�loga me tic paradoq�c gia to gewdaitik� pr�blhma twn sunoriak�n tim�n pouefarm�zetai. Oi diaforetik�c teqnik�c ja parousiasto�n sthn ep�menh en�thta. Oi pol�uyhl�c suqn�thtec tou f�smatoc mporo�n na prok�youn ap� thn plhrofor�a en�c Yhfiako�Mont�lou Puknot�twn (Digital Density Model { DDM). To yhfiak� mont�lo puknot�twnmpore� na upologiste� me kat�llhlec deigmatolhptik�c mej�douc kai, kur�wc, me parathr�seicdi�doshc seismik�n kum�twn m�sa ap� ta str�mata tou g�inou floio�. 'Allh teqnik� para-gwg�c en�c DDM e�nai h yhfiopo�hsh gewlogiko� q�rth. Ta tridi�stata yhfiak� mont�lapukn�thtac d�noun th dunat�thta qrhsimopoi�shc pio axi�pistwn tim�n ant� miac stajer�cm�shc tim�c pukn�thtac, �pwc sun�jwc g�netai stouc upologismo�c.H diadikas�a pros�ggishc tou ped�ou bar�thtac me th bo�jeia thc teqnik�c {apom�krunshc� epanafor�c} kai, taut�qrona, �na par�deigma pros�ggishc tou geweido�c ap� anwmal�eceleuj�rou a�ra d�nontai sth sun�qeia:1. O diaqwrism�c stic kur�arqec suqn�thtec epib�llei thn apom�krunsh thc suneisfor�ctouc ap� ta dedom�na eis�dou. 'Etsi, ap� ta metro�mena dedom�na apomakr�nontai oisunist�sec qamhl�n kai k�poiec ap� tic uyhl�c suqn�thtec, oi opo�ec ofe�lontai sesugkekrim�nec dom�c, s�mfwna me thn ex�swsh:y = yobs � yGM � yh; (2.30)�pou y ta anhgm�na dedom�na, yobs ta arqik� parathro�mena dedom�na, yGM h su-neisfor� tou gewdunamiko� mont�lou kai yh h suneisfor� thc topograf�ac. Sthnpros�ggish tou geweido�c me s�mata eis�dou anwmal�ec eleuj�rou a�ra, isq�ei:�g = �gFA ��gGM ��gh; (2.31)



KEFALAIO 2 19�pou �g oi anhgm�nec anwmal�ec (reduced anomalies), �gFA oi arqik�c anwmal�ecmet� ap� thn efarmog� anagwg�c eleuj�rou a�ra [32], [107], �gGM h suneisfor� tougewdunamiko� mont�lou kai �gh o �roc twn uyhl�n suqnot�twn, dhlad� h suneisfor�thc topograf�ac. H apom�krunsh twn qamhl�n suqnot�twn pragmatopoie�tai me thnafa�resh thc suneisfor�c twn tim�n en�c pagk�smiou gewdunamiko� mont�lou. Sthnper�ptwsh prosdiorismo� tou geweido�c me th bo�jeia anwmali�n bar�thtac se sfai-rik� pros�ggish, oi anwmal�ec bar�thtac ap� to mont�lo d�nontai ap� th sq�sh [107]:�gGM = GMr2 nmaxXn=2 �ar�n(n� 1) nXm=0[ �C�nm cosm�P + �S�nm sinm�P ] �Pnm(sin'P );(2.32)�pou r h gewketrik� ap�stash, a o meg�loc hmi�xonac tou elleiyoeido�c-mont�lou,G h stajer� pagk�smiac �lxhc, M h m�za thc Ghc �Pnm oi pl�rwc kanonikopoihm�necsunart�seic Legendre [32] kai nmax o m�gistoc bajm�c an�ptuxhc tou mont�lou (360 giato EGM96). Oi pl�rwc kanonikopoihm�noi suntelest�c tou diataraktiko� dunamiko��C�nm kai �S�nm d�nontai ap� tic sq�seic [42], [61]:�C�nm = �Cnm � �CNn0; m = 0 (2.33)�C�nm = �Cnm; m 6= 0 (2.34)�S�nm = �Snm; (2.35)�pou �Cnm kai �Snm e�nai oi sunelest�c tou g�inou ped�ou bar�thtac kai �CNn0 e�nai oisuntelest�c z�nhc tou kanoniko� ped�ou tou elleiyoeido�c-mont�lou. H arqik� tim�tou bajmo� an�ptuxhc (n = 2) sqet�zetai me tic paradoq�c gia to k�ntro m�zac thcGhc kai gia th m�za tou elleiyoeido�c pou d�jhkan sthn en�thta 2.1. Stic praktik�cefarmog�c o bajm�c N twn suntelest�n z�nhc fj�nei m�qri thn tim� 8 � 10. Hapom�krunsh twn uyhl�n suqnot�twn pragmatopoie�tai me thn afa�resh thc sunei-sfor�c thc topograf�ac. O �roc yh, � o �gh sthn per�ptwsh anwmali�n eleuj�roua�ra wc shm�twn eis�dou, upolog�zetai me kat�llhlec paradoq�c gia thn topograf�a,oi opo�ec ja dojo�n sthn ep�menh en�thta.2. Ta anhgm�na s�mata thc (2.30) apotelo�n ta dedom�na eisagwg�c stic di�forec mej�-douc pros�ggishc tou ped�ou bar�thtac, �pwc aut�c parousi�zontai sthn en�thta 2.5.H apom�krunsh twn qamhl�n kai uyhl�n suqnot�twn �qei wc apot�lesma thn oma-lopo�hsh twn shm�twn aut�n kai th dunat�thta statistik�n mej�dwn pros�ggishctou ped�ou. H exom�lunsh twn dedom�nwn sumb�llei kai me �llouc tr�pouc sth bel-tistopo�hsh thc pros�ggishc. Idia�tera stic fasmatik�c mej�douc, �pou up�rqei hapa�thsh gia dedom�na se morf� kann�bou, h exom�lunsh twn dedom�nwn odhge� sediakrit� s�mata kat�llhla gia metatrop� se mhtrwik� morf�, efarm�zontac teqnik�cparembol�c kai pr�gnwshc [106]. H efarmog� statistik�n mej�dwn sth s�gqronh gew-daitik� epist�mh anaf�retai sth qr�sh twn idiot�twn twn stoqastik�n algor�jmwn.Epom�nwc, ta anhgm�na dedom�na antimetwp�zontai wc stoqastik� s�mata eis�dou sticmej�douc pros�ggishc.3. To tr�to b�ma sqet�zetai me thn epanafor� twn qamhl�n kai uyhl�n suqnot�twn stas�mata ex�dou. H telik� pros�ggish tou s�matoc ex�dou d�netai ap� thn ex�swsh:x = xGM + xy + xh; (2.36)�pou x to telik� s�ma ex�dou, anakataskeuasm�no sto f�sma tou met� thn epanafor�twn qamhl�n kai uyhl�n suqnot�twn, xGM h suneisfor� tou pagk�smiou mont�loubar�thtac, pou anaf�retai sthn epanafor� twn qamhl�n suqnot�twn, xy h pros�ggishtou s�matoc ex�dou pou ofe�letai sta anhgm�na dedom�na eis�dou kai xh h sunei-sfor� thc topograf�ac sto s�ma ex�dou, h opo�a epanaf�rei tic uyhl�c suqn�thtec



20 TO PEDIO BARUTHTAStou s�matoc. O �roc xy �qei prosdioriste� sto prohgo�meno b�ma me thn efarmog�twn kat�llhlwn telest�n sta anhgm�na dedom�na [p.q., telest�c Stokes (2.7), Vening-Meinesz] kai th qr�sh kat�llhlwn mej�dwn prosdiorismo� (p.q., stoqastik�c, fasma-tik�c m�jodoi). Eidik�tera, sthn per�ptwsh pros�ggishc tou geweido�c ap� anwmal�eceleuj�rou a�ra, h telik� l�sh d�netai ap� thn ex�swsh:N = NGM +N�g +Nh (2.37)Oi qamhl�c suqn�thtec epan�rqontai me thn eisagwg� thc suneisfor�c twn apoq�npou pro�rqontai ap� to pagk�smio gewdunamik� mont�lo, s�mfwna me th sq�sh [107]:NGM = GMr
 nmaxXn=2 �ar�n nXm=0[ �C�nm cosm�P + �S�nm sinm�P ] �Pnm(sin'P ); (2.38)�pou 
 h m�sh tim� thc kanonik�c bar�thtac. H epanafor� twn uyhl�n suqnot�twntou ped�ou Nh g�netai me th morf� �mmeswn epidr�sewn pou anal�ontai sthn en�thta2.3.H shmas�a thc teqnik�c {apom�krunshc � epanafor�c} sun�statai sto diaqwrism� tou su-noliko� s�matoc stic epim�rouc suqn�tht�c tou kai sthn omalopo�hsh tou s�matoc eis�dou.Pr�keitai ousiastik� gia mia diadikas�a filtrar�smatoc tou arqiko� s�matoc eis�dou. Tof�ltro pou qrhsimopoie�tai mpore� na jewrhje� wc �na zwnoperat� f�ltro (Band PassFilter), ef�son apomon�nei tic m�sec suqn�thtec.2.3 Teqnik�c pros�ggishc thc topograf�ac / bajumetr�-acH l�sh twn gewdaitik�n problhm�twn sunoriak�n tim�n apaite� thn �parxh miac sunoriak�cepif�neiac, ep�nw sthn opo�a na br�sketai to s�nolo twn metr�sewn. To klasik� gewdai-tik� pr�blhma sunoriak�n tim�n, �pwc aut� diatup�jhke ap� ton Stokes [79], apaite� thnmetafor� twn metr�sewn ap� th g�inh epif�neia sthn epif�neia tou geweido�c. H metafor�aut� onom�zetai topografik� anagwg� (terrain reduction) kai sqet�zetai �mesa me thnpros�ggish thc topograf�ac metax� thc g�inhc epif�neiac kai thc epif�neiac tou geweido�c.H topograf�a se mia orein� perioq� ephre�zei thn pros�ggish tou ped�ou bar�thtac med�o tr�pouc [19]:1. 'Ena isqur� s�ma bar�thtac ofe�letai sthn �lxh twn �diwn twn topografik�n maz�n.To parap�nw s�ma kuriarqe� stic uyhl�c suqn�thtec tou f�smatoc tou ped�ou kai, meaut�n ton tr�po, h plhrofor�a gia thn topograf�a mpore� na qrhsimopoihje� gia thnexom�lunsh tou ped�ou bar�thtac.2. H parous�a thc topograf�ac �qei wc apot�lesma oi parathr�seic na mh br�skontai semia isodunamik� epif�neia kai na mhn isq�oun kat� sun�peia oi apait�seic tou olo-klhr�matoc tou Stokes.Oi topografik�c anagwg�c sumb�lloun sthn omalopo�hsh tou ped�ou bar�thtac. H oma-lopo�hsh e�nai apara�thth gia thn kat�llhlh diaqe�rish twn dedom�nwn prin th diadikas�apros�ggishc (p.q., metatrop� se morf� kann�bou, pr�gnwsh se shme�a arai�c k�luyhc), all�kai kat� thn pros�ggish (p.q., qr�sh statistik�n teqnik�n pros�ggishc, jewr�seic stoqa-stik�n diadikasi�n, stasim�thtac, ergodik�thtac). Oi anagwg�c ap� m�nec touc den odhgo�nston orism� thc isodunamik�c sunoriak�c epif�neiac, all� sunode�ontai ap� kat�llhlecdiorj�seic sump�knwshc twn maz�n (terrain condensation corrections). Oi diorj�seicaut�c sqet�zontai me tic diorj�seic sto ped�o bar�thtac, l�gw thc metafor�c twn maz�n. Oid�o basik�c diorj�seic sump�knwshc akoloujo�n th jewr�a touMolodensky kai tou Helmert.



KEFALAIO 2 21An h ep�drash twn topografik�n maz�n upologiste� s�mfwna me th jewr�a sump�knwshctou Helmert, t�te prosdior�zontai oi apoq�c tou geweido�c, en� an akoloujhje� h jewr�asump�knwshc tou Molodensky prosdior�zontai oi anwmal�ec �youc.To geweid�c kai to sqed�n-geweid�c pou prok�ptoun ap� thn efarmog� twn jewri�n pouanaf�rjhkan taut�zontai stic epif�neiec twn wkean�n kai oi parathr�seic thc bar�thtacanaf�rontai sto geweid�c. H bajumetr�a ephre�zei genik� �ntona thn pros�ggish tou ped�oubar�thtac sto jal�ssio perib�llon. H ep�drash thc bajumetr�ac e�nai sugkr�simh kai,poll�c for�c, megal�terh ap� thn ant�stoiqh topografik� ep�drash [19].Oi d�o basik�c topografik�c anagwg�c e�nai h anagwg� eleuj�rou a�ra (free-air gravityreduction) kai h anagwg� Bouguer (Bouguer gravity reduction). H anagwg� eleuj�roua�ra jewre� thn anuparx�a maz�n metax� thc epif�neiac tou ed�fouc kai tou geweido�c,en� h anagwg� Bouguer afaire� entel�c tic endi�mesec m�zec. Efarm�zontac tic parap�nwanagwg�c stic metr�seic bar�thtac prok�ptoun oi an�logec anwmal�ec thc bar�thtac, tas�mata eis�dou sthn pros�ggish tou geweido�c.H anwmal�a eleuj�rou a�ra (free-air gravity anomaly) prok�ptei wc ex�c (bl. sq�ma2.1): �gPo = gPo � 
Qo = gP � @g@HH � 
Qo ; (2.39)�pou P to shme�o m�trhshc thc bar�thtac sth g�inh epif�neia, Po to ant�stoiqo shme�o sthnepif�neia tou geweido�c kai Qo to shme�o sthn epif�neia tou elleiyoeido�c anafor�c. Meth je�rhsh aut�, oi anwmal�ec eleuj�rou a�ra anaf�rontai sthn epif�neia tou geweido�c.H pos�thta (@g=@H)H e�nai h anagwg� eleuj�rou a�ra, H e�nai to orjometrik� uy�metrotou shme�ou m�trhshc kai h @g=@H onom�zetai bajm�da bar�thtac eleuj�rou a�ra (free-air gravity gradient). H pragmatik� bajm�da bar�thtac den mpore� na upologiste�, all�prosegg�zetai ap� thn kanonik� bajm�da bar�thtac eleuj�rou a�ra (normal free-airgravity gradient), s�mfwna me thn ex�swsh:� @g@H � � @
@H = 0:3086mGal=m (2.40)H tim� thc pragmatik�c bajm�dac mpore� na diaf�rei ap� 5%�10% ap� thn tim� thc kanonik�cbajm�dac se perioq�c me �ntonec orein�c ex�rseic. Se poll�c s�gqronec mel�tec, oi anwmal�ecden anaf�rontai pl�on sto geweid�c, all� sto shme�o m�trhshc P . Oi anwmal�ec eleuj�roua�ra upolog�zontai wc h diafor� metax� thc parathro�menhc tim�c thc bar�thtac sth g�inhepif�neia kai thc kanonik�c bar�thtac upologiz�menhc se shme�o pou br�sketai se ap�stashH ep�nw ap� to elleiyoeid�c. Isq�ei:�gP = gP � 
Q = gP � 
Qo � @
@hH: (2.41)H (2.41) anaf�retai sth g�inh epif�neia kai den e�nai apara�thth h pros�ggish pou eis�getaime thn (2.40). Exait�ac tou �ti oi metr�simec pos�thtec tou ped�ou bar�thtac anaf�rontaisth g�inh epif�neia, eis�getai h pros�ggish tou sqed�n-geweido�c.H anwmal�a Bouguer (Bouguer gravity anomaly) prok�ptei wc ex�c:�gB = gB � 
Qo = gP � 2�G�H � @
@HH � 
Qo = gP + 0:1967H � 
Qo ; (2.42)�pou G h stajer� pagk�smiac �lxhc kai � h pukn�thta twn topografik�n maz�n. H anw-mal�a Bouguer anaf�retai sthn epif�neia tou geweido�c. H pos�thta 2�G�H anaf�retaisthn afa�resh miac pl�kac stajero� p�qouc H kai pukn�thtac � kai onom�zetai pl�kaBouguer (Bouguer plate). 'Ustera ap� thn afa�resh thc pl�kac Bouguer �na meg�lom�roc thc topografik�c ep�drashc �qei afaireje�. H upoloip�menh topografik� ep�drash,dhlad�, oi epim�rouc ex�rseic tic topograf�ac ap� thn epif�neia thc pl�kac, upolog�zetai



22 TO PEDIO BARUTHTASap� th di�rjwsh l�gw anagl�fou (terrain correction). Se ep�pedec suntetagm�nec kai giastajer� pukn�thta h di�rjwsh l�gw anagl�fou d�netai ap� thn ex�swsh [56], [32]:cP = G� 1Z�1Z z=H(x;y)Zz=HP z �HP[(xQ � xP )2 + (yQ � yP )2 + (zQ �HP )2]3=2 dxQdyQdzQ; (2.43)�pou P to shme�o upologismo� (computation point) kai Q to tr�qon shme�o (running point).H di�rjwsh l�gw anagl�fou afaire� tic per�sseiec m�zec ep�nw ap� to shme�o upologismo�P , me apot�lesma na aux�nei to dunamik� sto P . H �dia di�rjwsh prosj�tei m�zec, �pouup�rqoun ken� k�tw ap� thn epif�neia tou P . To apot�lesma e�nai na aux�netai p�li todunamik�. Epom�nwc, h di�rjwsh aut� e�nai p�ntote m�a jetik� pos�thta. O upologism�cthc di�rjwshc l�gw anagl�fou perigr�fetai sqhmatik� sto sq�ma 2.3. H di�rjwsh l�gw

Sq�ma 2.3: Sqhmatik� anapar�stash thc di�rjwshc l�gw anagl�fou.anagl�fou sqet�zetai �mesa me tic ex�rseic thc topograf�ac kai e�nai an�logh thc kl�shc toued�fouc sthn perioq� twn metr�sewn. To tripl� olokl�rwma thc (2.43) mpore� na metatrape�se suneliktik� morf� kai na epiluje� me th bo�jeia twn metasqhmatism�n Fourier, �pwcparousi�zetai sthn en�thta 2.6.'Otan stic apl�c anwmal�ec Bouguer prosteje� kai h di�rjwsh l�gw anagl�fou to ped�oparousi�zetai pl�rwc exomalunsm�no kai oi anwmal�ec onom�zontai pl�reic � beltiwm�necanwmal�ec Bouguer (complete or re�ned Bouguer gravity anomalies).'Opwc g�netai faner�, oi anwmal�ec Bouguer parousi�zontai pio exomalunsm�nec ses�gkrish me tic anwmal�ec eleuj�rou a�ra, epeid� h ep�drash twn uyhl�n suqnot�twn thctopograf�ac �qei afaireje�. Oi anwmal�ec eleuj�rou a�ra e�nai �mesa susqetism�nec methn uyometr�a thc perioq�c kai qrhsimopoio�ntai gia thn pros�ggish tou geweido�c, en�oi anwmal�ec Bouguer qrhsimopoio�ntai se gewfusik�c mel�tec, giat� me thn afa�resh twnorat�n maz�n antanaklo�n gewfusik� qarakthristik� tou uped�fouc. Ep�shc, l�gw thcexom�lunshc tou ped�ou, oi pl�reic anwmal�ec Bouguer qrhsimopoio�ntai gia thn parembol�kai pr�gnwsh twn tim�n se perioq�c me arai� k�luyh.Oi anagwg�c twn metr�sewn bar�thtac pou perigr�fhkan m�qri stigm�c pro�poj�tounthn omog�neia tou g�inou floio�. Di�fora �mwc gegon�ta �rqontai se ant�jesh me thn pa-rap�nw paradoq�. Oi pl�reic anwmal�ec Bouguer pr�pei na parousi�zoun pol� qamhl�c tim�ckai na katan�montai tuqa�a g�rw ap� to mhd�n. K�ti t�toio �mwc de sumba�nei. Oi anw-mal�ec Bouguer parousi�zoun susthmatik� arnhtik�c tim�c se orein�c perioq�c [32]. E�naiparadekt� s�mera �ti oi hpeirwtik�c m�zec (oi uperke�menec twn wkean�n) kai oi jal�ssiecm�zec br�skontai se mia kat�stash udrostatik�c isorrop�ac. Aut� sumba�nei giat� oi m�zecaut�c kat� �na meg�lo bajm� antistajm�zontai sto eswterik� thc Ghc. To fain�menoaut� onom�zetai isostas�a (isostasy) kai perigr�fetai me th bo�jeia d�o pagk�smiwn



KEFALAIO 2 23mont�lwn: tou isostatiko� mont�lou tou Pratt-Hayford kai tou isostatiko� mont�loutou Airy-Heiskanen [32]. To pr�to mont�lo sthr�zetai sthn arq� tou stajero� �youcantist�jmishc twn maz�n kai thc metablht�c pukn�thtac kai to de�tero sthn arq� thc meta-blht�c pukn�thtac twn antistajmism�nwn maz�n kai tou metablhto� epip�dou antist�jmishc.Periss�tera gia ta isostatik� mont�la d�nontai ap� touc Heiskanen and Moritz [32] kai ap�touc Kats�mpalo kai Tziab� [107].Akolouj�ntac th jewr�a thc isostas�ac oi anagwg�c stic metr�seic bar�thtac thc g�inhcepif�neiac onom�zontai isostatik�c anagwg�c (isostatic reductions) kai oi ant�stoiqec anw-mal�ec pou prok�ptoun isostatik�c anwmal�ec (isostatic anomalies) thc bar�thtac. Toantike�meno thc isostatik�c anagwg�c e�nai h kanonikopo�hsh tou floio� thc Ghc s�mfwname k�poio mont�lo isostas�ac [32]. Oi topografik�c m�zec den afairo�ntai entel�c, �pwcsumba�nei stic anwmal�ec Bouguer, all� metatop�zontai ent�c tou geweido�c me skop� thnantimet�pish thc �lleiyhc twn maz�n k�tw ap� tic hpeirwtik�c ekt�seic. To fain�meno thcisostas�ac kai oi isostatik�c anagwg�c parousi�zontai sto sq�ma 2.4. Sth sun�qeia, pa-

Sq�ma 2.4: Ta isostatik� mont�la twn Pratt { Hayford kai Airy { Heiskanen.rousi�zetai h diadikas�a pros�ggishc tou geweido�c me th qr�sh twn jewri�n sump�knwshctou Molodensky kai tou Helmert. H diadikas�a ja parousiaste� se sunduasm� me thn te-qnik� {apom�krunshc�epanafor�c} gia thn oloklhrwm�nh parous�ash thc pros�ggishc tougeweido�c.S�mfwna me th jewr�a touMolodensky ta s�mata eis�dou sthn pros�ggish tou geweido�canaf�rontai sth g�inh epif�neia. Oi anwmal�ec bar�thtac exomal�nontai me th qr�sh thcteqnik�c {apom�krunshc�epanafor�c} kai oi telik�c anwmal�ec �youc prok�ptoun s�mfwname tic sq�seic [12]: �gP = gP � 
Q�g0 = �gP ��gGMP ��gHP (2.44)� = � 0 + �GM + �H ; (2.45)�pou P e�nai to shme�o twn metr�sewn sth g�inh epif�neia kai Q e�nai to ant�stoiqoshme�o sthn epif�neia tou telouroeido�c. To �GM par�qei th suneisfor� tou gewdunamiko�mont�lou, en� to �H d�nei th suneisfor� thc topograf�ac. O �roc � 0 par�qei th suneisfor�twn anhgm�nwn anwmali�n bar�thtac.



24 TO PEDIO BARUTHTASM�a parallag� thc mej�dou tou Molodensky, h opo�a efarm�zetai kat� thn praktik�pros�ggish tou ped�ou bar�thtac, e�nai h m�jodoc tou Mont�lou Upoloip�menhc To-pograf�ac (Residual Terrain Model { RTM) [21], [18], [19]. Sthn per�ptwsh aut�, hep�drash thc topograf�ac, me epif�neia anafor�c mia m�sh uyometrik� epif�neia thc pe-rioq�c, apomakr�netai kai epanaf�retai stouc upologismo�c. To pleon�kthma thc teqnik�caut�c �gkeitai sto gegon�c �ti oi telik� anhgm�nec anwmal�ec bar�thtac emfan�zontai pl�rwcexomalusm�nec se s�gkrish me opoiad�pote �llh m�jodo anagwg�c. Epeid� oi anwmal�ecpukn�thtac lamb�noun, t�so jetik�c, �so kai arnhtik�c tim�c, oi upologismo� twn topo-grafik�n epidr�sewn g�nontai m�no m�qri mia kat�llhlh ap�stash ap� to shme�o upologi-smo� kai h ep�drash thc apomakrusm�nhc topograf�ac elaqistopoie�tai. Ep�shc, oi �mmesecepidr�seic stic anwmal�ec �youc e�nai pol� mikr�c se s�gkrish me tic epidr�seic sta uy�metratou geweido�c m�sw �llwn mej�dwn (p.q., Helmert). To pleon�kthma thc mej�dou aut�c ses�gkrish me tic mej�douc isostatik�c anagwg�c e�nai to �ti den apaite�tai up�jesh iso-statik�c sump�knwshc [21]. To basik� meion�kthma thc qr�shc thc mej�dou tou Mont�louUpoloip�menhc Topograf�ac e�nai �ti to dunamik� thc bar�thtac den e�nai ple�n armonik�sun�rthsh stic perioq�c pou ta shme�a upologismo� br�skontai jewrhtik� k�tw ap� thnprok�ptousa m�sh topograf�a. K�poioc stajm�c, o opo�oc br�sketai se mia pedi�da, met�thn efarmog� thc mej�dou, ja br�sketai ent�c thc exomalunsm�nhc topografik�c epif�neiacpou or�zetai ap� ta �ria thc m�shc epif�neiac twn uy�n [21], [18]. H telik� tim� thc pa-rat�rhshc eur�sketai pl�on ent�c twn maz�n, �pou to dunamik� thc bar�thtac den e�naiarmonik� sun�rthsh. Gia na e�nai dunat� h qr�sh twn s�gqronwn statistik�n teqnik�n poupro�poj�toun thn armonik�thta tou ped�ou, pr�pei na efarmoste� mia kat�llhlh di�rjwsh, hopo�a onom�zetai armonik� di�rjwsh (harmonic correction). Periss�tera gia th di�rjwshaut� kai gia ton upologism� thc d�nontai ap� touc Forsberg and Tscherning [21] kai ap� tonForsberg [18]. H qr�sh thc teqnik�c aut�c odhge� sthn pros�ggish thc epif�neiac tou sqed�n-geweido�c s�mfwna me tic jewr�ec tou Molodensky. Me th m�jodo aut� m�non oi uyhl�csuqn�thtec thc topograf�ac lamb�nontai up�yh stouc upologismo�c. H m�sh epif�neia twnuyom�trwn mpore� na e�nai opoiad�pote omal� epif�neia, h opo�a ja anaparist� to m�souy�metro sthn perioq� mel�thc [18]. H pros�ggish tou geweido�c pragmatopoie�tai p�ntoteme th bo�jeia thc teqnik�c {apom�krunshc�epanafor�c}. Sthn per�ptwsh pros�ggishc thcepif�neiac tou sqed�n-geweido�c me th qr�sh thc teqnik�c tou mont�lou upoloip�menhc topo-graf�ac, akolouje�tai h ex�c algorijmik� diadikas�a gia ton upologism� twn topografik�ndiorj�sewn [48], [11], [74]:1. Apom�krunsh twn qamhl�n suqnot�twn tou f�smatoc tou ped�ou bar�thtac m�sw thcafa�reshc twn tim�n en�c pagk�smiou gewdunamiko� mont�lou.2. Upologism�c twn baruthmetrik�n diorj�sewn l�gw anagl�fou cP . Oi topografik�cdiorj�seic d�nontai ap� th sq�sh (2.43).3. Upologism�c twn RTM anwmali�n s�mfwna me th sq�sh:�gred = �gFA ��gGM � 2�G�(H �Href ) + cP ; (2.46)�pou 2�G�(H �Href ) e�nai h pos�thta pou upolog�zetai ap� tic ex�rseic thc topo-graf�ac thc perioq�c �stera ap� thn afa�resh thc omal�c epif�neiac anafor�c. Hepif�neia anafor�c e�nai dunat� na prok�yei ap� �na uyhl�c diakritik�c ikan�thtacyhfiak� mont�lo ed�fouc efarm�zontac kat�llhlo qamhloperat� f�ltro (low-pass�lter).4. Sth sun�qeia oi exomalunsm�nec anwmal�ec qrhsimopoio�ntai gia thn parembol� kaipr�gnwsh tim�n se perioq�c arai�c k�luyhc �, sthn per�ptwsh fasmatik�n teqnik�n,gia th dhmiourg�a kann�bou anwmali�n bar�thtac.5. Pros�ggish tou sqed�n-geweido�c �red me s�mata eisagwg�c tic exomalunsm�nec anw-mal�ec bar�thtac kai qrhsimopo�hsh twn fasmatik�n � stoqastik�n teqnik�n pouparousi�zontai stic en�thtec 2.5 kai 2.6.



KEFALAIO 2 256. Epanafor� twn qamhl�n kai uyhl�n suqnot�twn stic anwmal�ec �youc me thn prosj�-kh twn anwmali�n �youc �GM , oi opo�ec pro�rqontai ap� to pagk�smio gewdunamik�mont�lo kai twn epidr�sewn thc topograf�ac stic anwmal�ec �youc �RTM , ant�stoiqa:� = �red + �GM + �RTM : (2.47)Oi Dahl and Forsberg [11] d�noun mia tropopoihm�nh diadikas�a gia thn RTM m�jodo. Met�thn exom�lunsh twn anwmali�n kai thn parembol� kai pr�gnwsh epanaf�retai h ep�drashthc topograf�ac s�mfwna me thn ex�swsh:�gfaye = �gred + 2�G�(H �Href ) + cP (2.48)Sth sun�qeia prosegg�zontai oi upoloip�menec anwmal�ec �youc me tic stoqastik�c � fasma-tik�c mej�douc pou parousi�zontai stic en�thtec 2.5 kai 2.6. H telik� l�sh d�netai ap� thsq�sh: � = �red + �GM ; (2.49)�pou epanaf�retai pl�on m�non h suneisfor� twn qamhl�n suqnot�twn tou gewdunamiko�mont�lou. Me ton tr�po aut�n, h ep�drash thc topograf�ac epanaf�retai me ton �ro 2�G�(H�Href ) prin ta s�mata eis�dou qrhsimopoihjo�n gia thn pros�ggish thc epif�neiac tou sqed�n-geweido�c [11]. 'Etsi h RTM m�jodoc sqet�zetai �mesa me thn klasik� m�jodo tou Hel-mert. S�mfwna me to de�tero n�mo sump�knwshc twn maz�n kat� Helmert1, h epif�neia tougeweido�c prosegg�zetai ap� tic up�rqousec anwmal�ec eleuj�rou a�ra, afo� afairejo�nh ep�drash thc topograf�ac kai h suneisfor� tou gewdunamiko� mont�lou. H diadikas�aefarmog�c thc mej�dou perigr�fetai wc ex�c [11]:1. Afaire�tai h ep�drash tou gewdunamiko� mont�lou.2. Oi arqik�c metr�seic twn anwmali�n eleuj�rou a�ra exomal�nontai met� thn apom�-krunsh tou mont�lou kai thc topografik�c ep�drashc. Oi telik�c exomalunsm�nec tim�ce�nai oi pl�reic anwmal�ec Bouguer, oi opo�ec d�nontai ap� thc sq�sh:�gred = �gFA ��gGM � 2�G�H + cP : (2.50)3. To ped�o twn anwmali�n pou prok�ptei e�nai pl�on pol� omal� kai kat�llhlo gia thnparembol� kai pr�gnwsh tim�n se perioq�c arai�c k�luyhc � thn pr�gnwsh diakrit�ntim�n se k�nnabo, �tan qrhsimopoio�ntai fasmatik�c teqnik�c.4. Epanaf�retai h topografik� ep�drash kai prok�ptoun oi anwmal�ec Faye, me th bo�jeiatwn opo�wn prosegg�zetai h epif�neia tou geweido�c. Oi anwmal�ec Faye prok�ptouns�mfwna me: �gFaye = �gred + 2�G�H: (2.51)5. Sth sun�qeia upolog�zetai h suneisfor� twn anhgm�nwn anwmali�n Faye ston pros-diorism� tou geweido�c. H pros�ggish aut� g�netai, e�te m�sw stoqastik�n, e�te meth bo�jeia fasmatik�n teqnik�n, �pwc parousi�zetai stic en�thtec 2.5 kai 2.6.6. Prosegg�zetai h epif�neia tou geweido�c epanaf�rontac th suneisfor� tou pagk�smiougewdunamiko� mont�lou kai thc �mmeshc ep�drashc sta uy�metra tou geweido�c(indirect e�ect on the geoid), s�mfwna me:N = Nred +NGM +Nind; (2.52)�pou Nind e�nai h �mmesh ep�drash sta uy�metra tou geweido�c.1Sthn pr�th m�jodo tou Helmert h sump�knwsh twn maz�n g�netai se m�a par�llhlh epif�neia poubr�sketai 21km k�tw ap� thn epif�neia tou geweido�c. H epilog� thc epif�neiac sump�knwshc g�netaime t�toio tr�po, �ste na elaqistopoio�ntai ta sf�lmata s�gklishc twn seir�n sfairik�n armonik�n toudunamiko� thc bar�thtac [32].



26 TO PEDIO BARUTHTASMe an�logec diadikas�ec prosegg�zetai to isostatik� geweid�c (isostatic geoid) meth qrhsimopo�hsh twn isostatik�n anwmali�n. Agno�ntac tic perioq�c eke�nec pou debr�skontai se kat�stash udrostatik�c isorrop�ac, oi isostatik�c anwmal�ec parousi�zounmikr�c tim�c kai qarakthr�zontai ap� omal�c metabol�c [82]. Gia aut�n to l�go, qrhsimo-poio�ntai gia th dhmiourg�a m�swn tim�n anwmali�n bar�thtac kai gia thn pr�gnwsh seperioq�c arai�c k�luyhc. H �mmesh ep�drash sta uy�metra tou geweido�c sthn per�ptwshqr�shc twn isostatik�n anwmali�n mpore� na ft�sei ta 10 m. Exait�ac tou gegon�toc auto�kai l�gw tou meg�lou upologistiko� f�rtou ston upologism� touc, oi isostatik�c anwmal�ecqrhsimopoio�ntai el�qista gia thn pros�ggish tou geweido�c. Par�la aut�, par�qoun sh-mantik�c plhrofor�ec gia to eswterik� thc Ghc kai qrhsime�oun se gewfusik�c mel�tec [82].Idia�terh anafor� pr�pei na g�nei stic �mmesec epidr�seic (indirect e�ects) sth bar�thtakai sta uy�metra tou geweido�c [105]. L�gw thc sump�knwshc twn maz�n se mia isodunamik�epif�neia, to dunamik� thc bar�thtac all�zei kai epom�nwc metab�lletai kai h epif�neia tougeweido�c [32]. Aut� h metabol� thc epif�neiac e�nai h �mmesh ep�drash twn anagwg�nthc bar�thtac sta uy�metra tou geweido�c. Epom�nwc, h epif�neia pou upolog�zetaime th bo�jeia tou oloklhr�matoc tou Stokes den e�nai pl�on to geweid�c, �lla mia epif�neiapou br�sketai kont� se aut� kai onom�zetai antistajmism�no geweid�c (co-geoid { com-pensated geoid). Se k�je diaforetik� anagwg� antistoiqe� kai diaforetik� antistajmism�nogeweid�c. 'Etsi kai oi anwmal�ec bar�thtac pr�pei na metakinhjo�n ap� to geweid�c, stoopo�o br�skontai met� th sump�esh, sth epif�neia tou antistajmism�nou geweido�c, me skop�h epif�neia aut� pl�on na qrhsimopoihje� wc sunoriak� sth l�sh tou probl�matoc kat� Sto-kes. H metafor� twn anwmali�n bar�thtac ap� thn epif�neia tou geweido�c sthn epif�neiatou antistajmism�nou geweido�c pragmatopoie�tai me mia di�rjwsh, h opo�a apotele� thn�mmesh ep�drash sth bar�thta � deutere�ousa �mmesh ep�drash (indirect e�ect ongravity or secondary indirect e�ect) kai h opo�a upolog�zetai me th bo�jeia thc kanonik�cbajm�dac thc bar�thtac s�mfwna me th sq�sh:� = 0:3086Nind (2.53)�pou Nind h �mmesh ep�drash sta uy�metra tou geweido�c. Oi tim�c thc deutere�ousac�mmeshc ep�drashc d�skola xeperno�n thn tim� twn 3 mGals kai sun�jwc de lamb�nontaiup�yh stouc praktiko�c upologismo�c topik�n mont�lwn geweido�c. H �mmesh ep�drash stauy�metra tou geweido�c mpore� na ft�sei to �rio twn orism�nwn ekatost�n se perioq�cme �ntono topografik� an�glufo kai gia to l�go aut� lamb�netai p�ntote up�yh stoucupologismo�c akribe�ac [98], [99].2.4 Isodunamik�c epif�neiec kai sust�mata uy�nSth fusik� gewdais�a sunant�ntai d�o sust�mata uy�n. To pr�to s�sthma �qei kajar�dunamik� qarakt�ra, sqet�zetai me to ped�o thc g�inhc bar�thtac kai bas�zetai sthn kla-sik� metafor� uyom�trwn kai dedom�nwn bar�thtac m�sw gewmetrik�c qwrost�jmhshc kat�m�koc qwrostajmik�n epifanei�n (level surfaces). Oi qwrostajmik�c epif�neiec e�nai jew-rhtik�c epif�neiec, oi opo�ec �qoun thn idi�thta stajero� dunamiko� se k�je shme�o touc.Oi epif�neiec aut�c onom�zontai kai isodunamik�c epif�neiec tou ped�ou bar�thtac. Tode�tero s�sthma �qei kajar� gewmetrik� qarakt�ra kai sqet�zetai me thn ap�stash twnshme�wn ap� �na elleiyoeid�c s�sthma anafor�c. To de�tero s�sthma den emperi�qei kam�adunamik� fusik� plhrofor�a kai susq�tish me to ped�o bar�thtac, all� antiproswpe�ei �namont�lo epifane�ac, to opo�o sthr�zetai kur�wc se doruforik�c parathr�seic.Oi tr�poi s�ndeshc twn d�o susthm�twn diaf�roun, an�loga me to pr�blhma twn suno-riak�n tim�n pou akolouje�tai. Sto pr�blhma tou Stokes kai akolouj�ntac thn probol�kat� Helmert, to orjometrik� uy�metro (orthometric height) en�c stajmo� sund�etai meto elleiyoeid�c � gewmetrik� uy�metro (ellipsoidal height) ap� th sq�sh [32] (bl. sq�ma2.1): H = h�N (2.54)



KEFALAIO 2 27�pou h to elleiyoeid�c uy�metro, dhlad� h ap�stash tou stajmo� ap� to elleiyoeid�c ana-for�c, h opo�a metr�tai kat� m�koc thc kaj�tou (normal line) sto elleiyoeid�c kai N hapoq� tou geweido�c (geoid undulation), dhlad� h diafor� metax� tou geweido�c kai touelleiyoeido�c anafor�c.Oi epif�neiec anafor�c pou proanaf�rjhkan qarakthr�zontai ap� thn tim� tou dunamiko�touc. Oi isodunamik�c epif�neiec e�nai panto� k�jetec sto di�nusma thc bar�thtac. M�asugkekrim�nh epif�neia, gia thn opo�a isq�ei:W (x; y; z) =Wo (2.55)kai h opo�a prosegg�zei th m�sh st�jmh twn jalass�n se pagk�smia kl�maka onom�zetaigeweid�c (geoid). H s�gqronh ant�lhyh gia thn tr�th di�stash genike�etai me th qrhsi-mopo�hsh tou �diou tou dunamiko� thc bar�thtac W wc thc suntetagm�nhc pou kajor�zeithn uyometrik� plhrofor�a. Me ton tr�po aut�n, eis�getai h �nnoia tou gewdunamiko�arijmo� (geopotential number), pou or�zetai wc ex�c:CP =Wo �WP ; (2.56)�pouCP o gewdunamik�c arijm�c sto shme�o P ,Wo to dunamik� thc bar�thtac sthn epif�neiaanafor�c tou geweido�c kai WP to dunamik� thc bar�thtac kat� m�koc thc isodunamik�cepif�neiac pou pern�ei ap� to P . H s�ndesh tou orjometriko� uyom�trou me to gewdunamik�arijm� d�netai ap� thn ex�swsh [32]:H = C�g � CgP + 0:0424 (2.57)Akolouj�ntac to pr�blhma tou Molodensky, to kanonik� uy�metro (normal height),dhlad� h ap�stash metax� elleiyoeido�c kai telouroeido�c sund�etai me to elleiyoeid�cuy�metro s�mfwna me [32] (bl. sq�ma 2.2):h = H� + �; (2.58)�pou � e�nai h ap�klish tou telouroeido�c ap� th g�inh epif�neia � h ap�stash metax�elleiyoeido�c kai sqed�n-geweido�c kai onom�zetai anwmal�a �youc (height anomaly). Hs�ndesh tou kanoniko� uyom�trou me to gewdunamik� arijm� prok�ptei wc ex�c [32]:H� = C�
 ; (2.59)�pou �
 h m�sh tim� thc kanonik�c bar�thtac sto elleiyoeid�c anafor�c.H epilog� tou kat�llhlou sust�matoc uyometr�ac �qei meg�lh shmas�a sthn per�ptwshsunduasmo� eterogen�n dedom�nwn. To uyometrik� s�sthma anafor�c pr�pei na param�neimonadik� se �lh th diadikas�a tou sunduasmo�. P.q., an o st�qoc kat� ton akrib� prosdio-rism� tou geweido�c e�nai h antikat�stash thc klasik�c qwrost�jmhshc me metr�seic GPS,apara�thtoc e�nai o kajorism�c thc epif�neiac anafor�c twn uyom�trwn. Oi qwrostaj-mik�c epif�neiec apotelo�n jemeli�deic epif�neiec anafor�c twn uyom�trwn. H uioj�thshmiac koin�c pagk�smiac epif�neiac anafor�c apotele� �na shmantik� m�roc thc s�gqronhcgewdaitik�c �reunac.2.5 M�jodoi pros�ggishc tou ped�ou bar�thtacTa teleuta�a tri�nta qr�nia anapt�qjhkan di�forec m�jodoi gia thn pros�ggish tou sq�ma-toc thc Ghc kai tou ped�ou bar�thtac. Oi m�jodoi aut�c diakr�nontai stic klasik�c nteter-ministik�c mej�douc kai stic mej�douc pou prosd�doun stoqastik� qarakthristik� sto ped�obar�thtac. Oi m�jodoi aut�c parousi�zoun shmantik�c jewrhtik�c diafor�c.



28 TO PEDIO BARUTHTASH basik� diafwn�a sthn pros�ggish tou ped�ou bar�thtac �gkeitai sto qarakthrism�tou diataraktiko� dunamiko� thc bar�thtac wc en�c fusiko� fainom�nou nteterministiko�qarakt�ra, tou opo�ou h emf�nish di�petai ap� stajero�c fusiko�c n�mouc � wc miac sto-qastik�c diadikas�ac, h opo�a or�zetai m�sa ap� n�mouc twn pijanot�twn. To z�thma loip�nt�jetai sto an to diataraktik� dunamik� (oi anwmal�ec thc bar�thtac pou qrhsimopoio�ntaisun�jwc wc parathr�seic) e�nai mia stoqastik� sun�rthsh. S�mfwna me ton Moritz [55],up�rqoun d�o apant�seic. Ac jewr�soume �ti oi parathr�seic thc anwmal�ac thc bar�thtacepanalamb�nontai suneq�c se �na shme�o, ta sf�lmata twn metr�sewn jewro�ntai ame-lht�a kai oi parathr�seic �qoun diorjwje� ap� k�je e�douc gewfusik�c epidr�seic. T�te, oimetr�seic se diaforetik�c epoq�c praktik� sump�ptoun. Profan�c, loip�n, h pr�th ap�nthshsto k�rio er�thma e�nai �mesh: To diataraktik� dunamik� �qei kajar� nteterministik� qa-rakt�ra. H ap�nthsh aut� e�nai profan�c, �tan h �lh diadikas�a sugkr�netai me to kla-sik� pe�rama thc r�yhc en�c zario� se perib�llon stajer�n sunjhk�n. To apot�lesma sthnper�ptwsh aut� e�nai kajar� stoqastiko� qarakt�ra, giat� to apot�lesma twn dokim�n denakolouje� k�poiouc fusiko�c n�mouc, all� k�poiouc n�mouc pijanot�twn.H �mesh s�gkrish tou peir�matoc thc r�yhc tou zario� kai twn epanalamban�menwnmetr�sewn bar�thtac odhge� sthn nteterministik� je�rhsh tou g�inou ped�ou bar�thtac.Up�rqei �mwc kai h �llh �poyh. S�mfwna p�ntote me ton Moritz [55], oi anwmal�ec thcbar�thtac pou parathro�ntai sthn epif�neia thc Ghc e�nai apot�lesma k�poiwn antisto�qwnanwmali�n stic katanom�c thc g�inhc m�zac, t�so sto exwterik�, �so kai sto eswterik�thc. Se perifereiak� kai pagk�smia kl�maka, aut� h katanom� twn maz�n den parousi�zeimia kanonik� morf�, all� exart�tai ap� thn k�nhsh twn tektonik�n plak�n, thn k�nhshtou nero� kai tou p�gou. Ta apotel�smata ap� tic epidr�seic twn parap�nw den ako-loujo�n mia kanonik� morf� kai �wc �na shme�o mpore� na qarakthristo�n tuqa�a. H te-qnik� apom�krunshc kai epanafor�c (remove-restore) pou anal�etai sthn en�thta 2.2,apomakr�nontac ta gnwst� qarakthristik� tou ped�ou, to exomal�nei t�so, �ste oi tim�ctou na mporo�n na qarakthristo�n wc tim�c miac stoqastik�c diadikas�ac. Sthn per�ptwshaut�, o stoqastik�c qarakt�rac twn anwmali�n thc bar�thtac e�nai anex�rthtoc thc qro-nik�c param�trou, �pwc prohgoum�nwc (metr�seic sto �dio shme�o, all� diaforetik�c epoq�c),all� sqet�zetai me th qwrik� par�metro (metr�seic �diac epoq�c se diaforetik� shme�a). Stoshme�o aut� br�sketai kai h diaforopo�hsh ap� tic sun�jeic stoqastik�c diadikas�ec sticepist�mec epexergas�ac shm�twn epikoinwni�n: H qronik� par�metroc antikaj�statai me thqwrik�. 'Opwc ja fane� kai sth sun�qeia, h stoqastik� sumperifor� twn parathr�sewn toudiataraktiko� dunamiko� tou ped�ou bar�thtac e�nai anex�rthth thc j�shc twn shme�wn ep�nwsth sfa�ra, �pwc ep�shc kai thc die�junshc. Me ton tr�po aut�n, eis�gontai oi �nnoiec thcomog�neiac kai thc isotrop�ac.H parap�nw an�lush sund�etai �mesa me thn �nnoia thc sun�rthshc summetablht�thtac,h epilog� thc opo�ac sthr�zetai se kajar� nteterministik� � stoqastik� krit�ria.2.5.1 Parembol� kai pr�gnwsh sto ped�o bar�thtacAntikeimenik�c skop�c thc fusik�c gewdais�ac e�nai h pros�ggish tou sq�matoc thc Ghc kaitou g�inou ped�ou bar�thtac me th bo�jeia diakrit�n metr�sewn, oi opo�ec sqet�zontai me toped�o kai pragmatopoio�ntai sthn proc pros�ggish epif�neia. To pr�blhma an�getai se miadiadikas�a parembol�c kai pr�gnwshc twn tim�n miac sun�rthshc, �tan e�nai gnwst�c dia-krit�c tim�c thc sun�rthshc aut�c. H �dia h sun�rthsh profan�c den mpore� na prosdioriste�,all� upolog�zetai mia sun�rthsh pou prosegg�zei b�ltista thn pragmatik�. H diadikas�apros�ggishc arq�zei me thn epilog� tou q�rou twn sunart�sewn, m�sa ston opo�o anazhte�taih en l�gw sun�rthsh. H epilog� tou q�rou pou ja anazhthje� h sun�rthsh sqet�zetai metic plhrofor�ec mac gia tic idi�tht�c thc.H sun�rthsh pou prosegg�zoume mpore� na ekfraste� me th bo�jeia kat�llhlwn su-nart�sewn gnwst�c dom�c kai sumperifor�c, oi opo�ec onom�zontai sunart�seic b�shc



KEFALAIO 2 29(base functions), wc ex�c: f = a1f1 + a2f2 + � � �+ amfm; (2.60)�pou to di�nusma a = [a1 a2 � � � am]T (2.61)e�nai to di�nusma twn suntelest�n pou prosegg�zontai. Se k�je shme�o gnwst�n tim�n thcsun�rthshc isq�ei:f(Pi) = a1f1(Pi) + a2f2(Pi) + � � �+ amfm(Pi) = si; i = 1; : : : ; n (2.62)kai se morf� pin�kwn Fa = s (2.63)O arijm�c twn sunart�sewn b�shc mpore� na e�nai peperasm�noc (m < 1), �pote milo�megia sunart�seic tou Eukle�deiou q�rou, � �peiroc (m =1), op�te milo�me gia sunart�seictou q�rou Hilbert. Profan�c, �so megal�teroc e�nai o arijm�c twn sunart�sewn b�shc,t�so kal�tera prosegg�zetai h �gnwsth sun�rthsh tou ped�ou bar�thtac.D�o e�nai ta krit�ria, s�mfwna me ta opo�a epil�getai h sun�rthsh m�sa ap� to s�nolotwn sunart�sewn tou q�rou. To krit�rio thc omal�thtac kai to krit�rio thc pist�thtac[106]. 'Oso megal�nei o arijm�c twn sunart�sewn b�shc, t�so aux�netai kai o q�roc m�saston opo�o anazhte�tai h b�ltisth sun�rthsh. To krit�rio thc omal�thtac e�nai apara�thto,�tan diakrit� dedom�na qrhsimopoio�ntai gia thn pros�ggish thc sun�rthshc. To krit�riothc pist�thtac prosarm�zei th sun�rthsh b�ltista sta dedom�na tou probl�matoc. Ak�makai �tan h pragmatik� sun�rthsh �qei lig�tero omal� qarakt�ra, den �qei kan�na n�hma naepil�xoume mia sun�rthsh pou na emfan�zei leptom�reiec, tic opo�ec h pukn�thta twn shme�wntwn metr�sewn den mac epitr�pei na prosdior�soume [106].'Ena krit�rio omal�thtac miac sun�rthshc e�nai h n�rma, h opo�a e�nai �nac jetik�carijm�c pou e�nai t�so mikr�teroc, �so omal�terh e�nai h sun�rthsh. Sun�jwc h n�rmaekfr�zetai m�sa ap� m�a sq�sh thc morf�c:(f; g) = 1jAj ZA fgdP; (2.64)�pou A e�nai mia perioq� tou ped�ou tim�n thc f , m�sa sthn opo�a br�skontai ta shme�agnwst�n tim�n Pi. Sth per�ptwsh pou �qoume periss�terec sunart�seic b�shc ap� ticgnwst�c tim�c thc sun�rthshc, t�te zhto�meno e�nai h omal�thta thc sun�rthshc m�sa ap�thn elaqistopo�hsh thc n�rmac. H per�ptwsh aut� onom�zetai pist� efarmog� el�qisthcn�rmac [106] kai to majhmatik� thc mont�lo d�netai sun�jwc ap� thn elaqistopo�hsh toueswteriko� ginom�nou:jjf jj2 = (f; f) = �Xi aifi;Xj ajfj�= Xi Xj aiaj(fi; fj) =Xi Xj aiajRij = aTRa; (2.65)�pou R e�nai o p�nakac me stoiqe�a ta eswterik� gin�mena twn sunart�sewn b�shc. Epom�-nwc, to majhmatik� mont�lo thc pist�c efarmog�c el�qisthc n�rmac d�netai ap�:Fa = s; aTRa = min (2.66)H telik� l�sh d�netai ap� th sq�sh: f̂(P ) = kTPK�1s; (2.67)



30 TO PEDIO BARUTHTAS�pou K = FR�1FT (2.68)kP = FR�1fP (2.69)An qrhsimopoi�soume th bohjhtik� sun�rthsh d�o shme�wnk(P;Q) =Xi Xj (R�1)ijfi(P )fj(Q) (2.70)t�te ta stoiqe�a twn pin�kwn K kai kP e�nai:Kij = k(Pi; Pj) (2.71)(kP)i = k(Pi; P ) (2.72)H sun�rthsh k(P;Q) e�nai o anaparagwg�c pur�nac (reproducing kernel) tou sunarth-siako� q�rou F kai ikanopoie� tic idi�thtec:k(P;Q) 2 F 8Q; (2.73)f(Q) = (f(P ); k(P;Q))P 8f 2 F (2.74)Apodeikn�etai, �ti o anaparagwg�c pur�nac e�nai mia sun�rthsh summetrik� kai jetik�orism�nh [55]. O anaparagwg�c pur�nac �qei thn idi�thta na anapar�gei k�je sun�rthshtou q�rou F m�sa ap� �na eswterik� gin�meno. H idi�thta aut� e�nai pol� shmantik� sticmej�douc pros�ggishc tou ped�ou bar�thtac, giat� h �dia h sun�rthsh, � �llec sunart�seic,pou exart�ntai �mesa ap� aut�n, mporo�n na anaparaqjo�n ap� gnwst�c tim�c touc.Me th qr�sh tou mont�lou thc pist�c efarmog�c el�qisthc n�rmac mpore� na doje� miaermhne�a gia ton anaparagwg� pur�na k(P;Q). An jewrhje�, akolouj�ntac tic mej�doucsun�rjwshc, o p�nakac R�1 p�nakac summetablht�thtac tou a se analog�a me ton p�nakasummetablht�thtac stic mej�douc sun�rjwshc, mpore� na upologiste� h summetablht�thtaan�mesa se d�o shme�a tim�n thc sun�rthshc P kai Q. Isq�ei [106]:�(fP ; fQ) = Xi Xj @fP@ai @fQ@aj �aiaj == Xi Xj fi(P )fj(Q)(R�1)ij = k(P;Q) (2.75)Epom�nwc, o anaparagwg�c pur�nac k(P;Q) ekfr�zei th summetablht�thta metax� twn tim�nthc sun�rthshc f an�mesa se d�o opoiad�pote shme�a P kai Q kai mpore� na tautiste� sepr�th pros�ggish me th sun�rthsh summetablht�thtac.Stic parap�nw sq�seic prosdiorismo� thc b�ltisthc sun�rthshc f̂ apara�thto stoiqe�ogia th l�sh e�nai h gn�sh tou anaparagwgo� pur�na k(P;Q). H epilog� thc n�rmac m�saap� th dom� tou p�naka R, �pwc kai to e�doc kai o arijm�c twn sunart�sewn b�shc denparousi�zontai sthn telik� sq�sh (2.67), afo� oi qrhsimopoio�menoi p�nakec K kai kPprosdior�zontai m�sw tou anaparagwgo� pur�na s�mfwna me tic (2.71). B�baia, o ana-paragwg�c pur�nac mpore� na upologiste� gnwr�zontac tic sunart�seic b�shc kai th n�rmaap� tic (2.70), all� mpore� na epilege� kai apeuje�ac.'Opwc e�dame, d�o e�nai oi epilog�c gia ton prosdiorism� tou anaparagwgo� pur�nak(P;Q):1. Mia pr�th epilog� e�nai h qr�sh ape�rwn sunart�sewn b�shc, oi opo�ec �qoun tic�diec idi�thtec me thn �gnwsth sun�rthsh. P.q., sthn per�ptwsh tou ped�ou bar�thtacmpore� na qrhsimopoihjo�n wc sunart�seic b�shc oi epifaneiak�c sfairik�c armonik�c.Gnwr�zontac �ti to exwterik� ped�o bar�thtac ikanopoie� thn ex�swsh tou Laplace,



KEFALAIO 2 31epil�getai h oikog�neia twn armonik�n sunart�sewn sth sfa�ra, pou prosegg�zei thg�inh epif�neia. Sthn per�ptwsh pou epil�gontai �peirec sunart�seic b�shc, o klasik�cEukle�deioc q�roc an�getai ston apeirodi�stato q�ro Hilbert. 'Opwc kai o klasik�cEukle�deioc q�roc, o q�roc Hilbert �qei thn idi�thta thc orjokanonik�thtac twn su-nart�sewn b�shc. Isq�ei dhlad� (fi; fj) = 0 gia k�je i 6= j kai jjfijj2 = (fi; fi) = 1.Sthn per�ptwsh tou q�rou Hilbert o anaparagwg�c pur�nac d�netai ap� th sq�sh:k(P;Q) = 1Xi=1 fi(P )fi(Q); (2.76)afo� oi p�nakec R kai R�1 g�nontai monadia�oi. An akoloujhje� h epilog� twn �peirwnsunart�sewn b�shc, apara�thtoc e�nai o prosdiorism�c tou ajro�smatoc thc (2.76) giathn e�resh tou k(P;Q).2. H �llh epilog�, e�nai o apeuje�ac orism�c tou anaparagwgo� pur�na, qwr�c th gn�shthc b�shc � ton orism� tou eswteriko� ginom�nou tou q�rou Hilbert. O anapara-gwg�c pur�nac pr�pei sthn per�ptwsh aut� na ikanopoie� d�o basik�c idi�thtec: op�nakac K me stoiqe�a ta Kij = k(Pi; Pj) na e�nai jetik� orism�noc kai na isq�eih summetr�a (k(P;Q) = k(Q;P )). O anaparagwg�c pur�nac pr�pei na �qei kaiidi�thtec ant�stoiqec me eke�nec thc �gnwsthc sun�rthshc, dhlad� na e�nai omogen�c(anex�rthtoc tou sust�matoc anafor�c � amet�blhtoc sth met�jesh � translation in-variant) kai is�tropoc (anex�rthtoc thc strof�c � rotation invariant). An me ri sum-bol�zetai to di�nusma j�shc en�c shme�ou Pi, oi d�o teleuta�ec idi�thtec ikanopoio�ntaim�non �tan: k(ri; rj) = k(jri � rj j) = k(rij); (2.77)dhlad�, �tan o anaparagwg�c pur�nac exart�tai m�no ap� thn ap�stash rij metax�twn shme�wn.Ekt�c ap� th diadikas�a thc parembol�c miac sun�rthshc se gnwst�c tim�c thc up�rqeikai to ant�stoiqo pr�blhma thc pr�gnwshc tuqa�wn metablht�n, �tan e�nai gnwst�c oi tim�ck�poiwn �llwn tuqa�wn metablht�n kai h stoqastik� ex�rthsh an�mesa stic d�o metablht�c.Apodeikn�etai [106] �ti, �tan ta dian�smata twn tuqa�wn metablht�n �qoun mhdenik�c pros-dok�ec, h b�ltisth grammik� pr�gnwsh katal�gei sth morf�:x̂ = CxyC�1yyy; (2.78)�pou y oi parathrhje�sec tim�c thc tuqa�ac metablht�c, x̂ oi tim�c thc tuqa�ac metablht�cpr�gnwshc, Cxy o p�nakac summetablht�thtac metax� twn gnwst�n metablht�n kai twnmetablht�n thc pr�gnwshc kai Cyy o p�nakac metablht�thtac twn parathrhjeis�n meta-blht�n. H m�jodoc thc shmeiak�c prosarmog�c elaq�stwn tetrag�nwn (least-squarescollocation), h opo�a efarm�zetai eur�tata stic gewepist�mec, sthr�zetai sto mont�lo thcb�ltisthc grammik�c pr�gnwshc [55], [106]. 'O,ti isq�ei gia tic tuqa�ec metablht�c isq�eikai gia mia eidik� kathgor�a sunart�sewn, ta or�smata twn opo�wn apotelo�n tuqa�ec meta-blht�c kai onom�zontai stoqastik�c sunart�seic (stochastic functions). Up�rqei, loip�n,h dunat�thta, me th bo�jeia orism�nwn paradoq�n na eisaqjo�n stoiqe�a ap� th jewr�atwn pijanot�twn gia thn perigraf� en�c nteterministiko� fainom�nou. To pr�blhma thc pa-rembol�c miac nteterministik�c sun�rthshc mpore� na luje� kai me th bo�jeia stoqastik�nmej�dwn, arke� h sun�rthsh na mpore� na jewrhje� wc mia deigmatik� tim� thc stoqastik�csun�rthshc, gia thn opo�a h m�sh sun�rthsh kai h sun�rthsh summetablht�thtac na e�naignwst�c. An endiafer�maste gia thn pr�gnwsh twn tim�n thc deigmatik�c sun�rthshc seorism�na shme�a isq�ei: s0i = f(P 0i ) i = 1; 2; : : : ; n0 (2.79)



32 TO PEDIO BARUTHTASkai h opo�a, me thn up�jesh mhdenik�n prosdoki�n twn sunart�sewn katal�gei sth morf�[106]: ŝ0 = Cs0sC�1ss s: (2.80)Sugkr�nontac tic (2.67) kai (2.80) prok�ptei �ti oi d�o m�jodoi d�noun taut�shma apo-tel�smata, �tan o anaparagwg�c pur�nac k(P;Q) e�nai o �dioc me th sun�rthsh summe-tablht�thtac C(P;Q). Epom�nwc h �gnwsth sun�rthsh, gia thn opo�a �qoume gnwst�ck�poiec m�no tim�c thc, � kai tim�c �llwn sunart�sewn par�moiac sumperifor�c, oi opo�ecsqet�zontai me aut�n, mpore� na proseggiste� me d�o tr�pouc:� Me kajar� nteterministik� tr�po, m�sa ap� diadikas�ec b�ltisthc grammik�c parem-bol�c el�qisthc n�rmac, �pou to kuri�tero pr�blhma e�nai h epilog� thc n�rmac kai oorism�c tou anaparagwgo� pur�na. Stic peript�seic aut�c h �dia h sun�rthsh C(P;Q)jewre�tai wc anaparagwg�c pur�nac qwr�c stoqastik� shmas�a (upolog�zetai dhlad�m�sa ap� m�souc �rouc twn tim�n thc sun�rthshc sto ped�o orismo� thc kai �qi m�saap� telest�c prosdok�ac � m�sec tim�c ape�rwn deigm�twn, kat� th statistik� ermhne�a�). To krit�rio elaqistopo�hshc thc n�rmac pou akolouje�tai e�nai sun�jwc k�poiokrit�rio omal�thtac thc sun�rthshc (afo� oi sunart�seic b�shc epil�gontai sun�jwcm�sa ap� ton apeirost� q�ro Hilbert) kai taut�qrona k�poio krit�rio elaqistopo�hshctwn sfalm�twn (pist�thta).� Me th qrhsimopo�hsh stoqastik�n jewri�n, �tan wc anaparagwg�c pur�nac jewrhje�h sun�rthsh summetablht�thtac C(P;Q), h opo�a upolog�zetai stoqastik�, afo� hsun�rthsh pou prosegg�zetai jewre�tai wc mia deigmatik� tim� thc ant�stoiqhc sto-qastik�c sun�rthshc. Sthn per�ptwsh aut� h sun�rthsh prosegg�zetai m�sa ap� ticstoqastik�c jewr�ec thc b�ltisthc pr�gnwshc. H efarmog� twn stoqastik�n jewri�ngia thn pros�ggish en�c nteterministiko� fainom�nou epitr�petai m�no m�sa ap� thn�nnoia thc ergodik�thtac (ergodicity) thc sun�rthshc f . Poll� �qoun grafte� giathn isq� thc ergodik�thtac se stoqastik�c sunart�seic pou anapt�ssontai ston k�klo� sth sfa�ra me kuri�terh �nstash ap� ton Lauritzen [40]. Sth sun�qeia ja parou-siasto�n aneptugm�nec oi jewr�ec aut�c, �pwc kai oi antimetwp�seic thc stoqastik�cjewr�ac ap� ton Moritz [55] kai ton Sans�o [65].Gia thn ep�lush tou probl�matoc thc e�reshc thc morf�c miac �gnwsthc sun�rthshc ap�tic diakrit�c tim�c thc ta d�o basik� zhto�mena e�nai h epilog� tou q�rou, m�sa ston opo�oja anazhthje� h sugkekrim�nh sun�rthsh kai o orism�c thc sqetik�c n�rmac wc krit�rio epi-log�c. 'Otan epil�getai wc q�roc anaz�thshc o apeirodi�statoc q�roc sunart�sewn b�shcHilbert, t�te to pr�blhma perior�zetai sthn epilog� thc n�rmac, dhlad� tou eswteriko� gi-nom�nou pou qrhsimopoie�tai wc krit�rio epilog�c. Me thn epilog� tou eswteriko� ginom�nouprok�ptei kai o anaparagwg�c pur�nac, m�sa ap� ton opo�o prosegg�zetai h sun�rthsh meelaqistopo�hsh thc n�rmac.H epilog� thc n�rmac mpore� na g�nei kai m�sa ap� th stoqastik� je�rhsh thc �lhc dia-dikas�ac. 'Otan dhlad� h proc pros�ggish sun�rthsh jewrhje� wc mia deigmatik� tim� thcpragmatik�c sun�rthshc kai �tan aut� apokt�sei stoqastik� qarakt�ra. T�te prok�ptei([55], [106]) �ti h epilog� thc n�rmac pr�pei na g�nei me t�toio tr�po, �ste o ant�stoiqocanaparagwg�c pur�nac k(P;Q) na taut�zetai me th sun�rthsh summetablht�thtac C(P;Q)thc stoqastik�c sun�rthshc. Sthn per�ptwsh, loip�n, pou h anazhto�menh sun�rthsh f jew-rhje� wc deigmatik� tim� miac ant�stoiqhc stoqastik�c sun�rthshc me mhdenik� m�sh tim�kai sun�rthsh summetablht�thtac C(P;Q), t�te to krit�rio tou elaq�stou m�sou tetragw-niko� sf�lmatoc odhge� se pr�gnwsh-parembol� pou e�nai isod�namh me thn nteterministik�parembol� el�qisthc n�rmac me anaparagwg� pur�na k(P;Q) = C(P;Q) [55], [106], [86]. Tozhto�meno pou am�swc prok�ptei ed� e�nai h e�resh thc sun�rthshc summetablht�thtac.Uiojet�ntac th stoqastik� antimet�pish thc pr�gnwshc twn tim�n thc �gnwsthc su-n�rthshc, upoj�toume thn �parxh miac stoqastik�c sun�rthshc, deigmatik� tim� thc opo�acapotele� h en l�gw sun�rthsh. 'Omwc sthn per�ptwsh tou ped�ou bar�thtac �qoume m�no



KEFALAIO 2 33m�a sun�rthsh kai m�lista m�non orism�nec diakrit�c tim�c thc. H duskol�a aut� xeperni�taime thn eisagwg� thc �nnoiac thc ergodik�thtac. S�mfwna me th jewr�a, up�rqei mia eidik�kathgor�a stoqastik�n sunart�sewn, twn opo�wn ta statistik� qarakthristik� mporo�n naprosdioristo�n me m�a kai m�nh deigmatik� sun�rthsh. Oi sunart�seic aut�c onom�zontaiergodik�c sunart�seic. Me ton tr�po aut�n, k�tw ap� orism�nec pro�poj�seic e�nai dunat� hantikat�stash thc prosdok�ac gia thn e�resh thc sun�rthshc summetablht�thtac, dhlad� hm�sh tim� an�mesa se �peirec deigmatik�c sunart�seic, ap� th m�sh tim� thc miac deigmatik�csun�rthshc sto ped�o orismo� thc. Mia omogen�c kai is�troph stoqastik� sun�rthsh �qeiergodik� sun�rthsh summetablht�thtac, �tan:C(P;Q) = Enf(P ); f(Q)o =Munf(uP ); f(uQ)o; (2.81)�pou En � o e�nai h prosdok�a ap� thn pleur� thc statistik�c kai Mun � o e�nai h m�shtim� sto ped�o orismo� thc sun�rthshc, h opo�a prok�ptei ap� mia par�llhlh met�jesh kaistrof� twn arqik�n shme�wn P kai Q. Sthn parap�nw idi�thta sthr�zetai kai o upolo-gism�c thc empeirik�c sun�rthshc summetablht�thtac (empirical covariance function),h opo�a prok�ptei ap� th m�sh tim� twn ginom�nwn twn sunart�sewn f sta diakrit� shme�atim�n, �pwc ja parousiaste� sthn ep�menh en�thta upologismo� twn sunart�sewn summeta-blht�thtac.To pr�blhma loip�n thc epilog�c thc n�rmac mpore� na antimetwpiste� ap� stoqastik�pleur� me thn eisagwg� thc �nnoiac twn ergodik�n stoqastik�n sunart�sewn. Up�rqei �mwch dunat�thta eisagwg�c ergodik�n sunart�sewn sto ped�o bar�thtac? S�mfwna me ton Lau-ritzen [40], e�nai ad�nato na ikanopoie�tai to krit�rio thc ergodik�thtac, �tan h sun�rthshf �qei stoqastik� qarakt�ra, ap� th stigm� pou oi suntelest�c twn sunart�sewn b�shc ai(anm sthn per�ptwsh sfairik�n armonik�n sunart�sewn b�shc) e�nai tuqa�ec metablht�c,oi opo�ec akoloujo�n thn kanonik� katanom�. Oi suntelest�c twn sunart�sewn b�shc sthnper�ptwsh pou akoloujo�n thn katanom� tou Gauss e�nai asusq�tistoi (uncorellated) kaistatistik� anex�rthtoi (statistical independent) [106]. Me b�sh touc orismo�c tou Lau-ritzen isq�ei, �ti gia mia stoqastik� sun�rthsh pou akolouje� thn kanonik� katanom� sthsfa�ra, oi suntelest�c twn sunart�sewn b�shc thc e�nai metax� touc asusq�tistoi kai sta-tistik� anex�rthtoi kai den mpore� na isq�ei h idi�thta thc ergodik�thtac. Wc ap�nthsh twnparap�nw, o Moritz ap�deixe �ti gia thn isq� thc ergodik�thtac arke� oi suntelest�c nae�nai asusq�tistoi, qwr�c na e�nai apara�thth h isq�c thc statistik�c anexarths�ac [55].Oi parap�nw stoqastik�c ermhne�ec thc �gnwsthc sun�rthshc tou ped�ou bar�thtacapot�lesan, kai apotelo�n ak�mh, shme�o �ntonwn diafwni�n metax� twn up�rmaqwn thc pi-janotistik�c antimet�pishc tou ped�ou bar�thtac kai twn uposthrikt�n thc nteterministik�cje�rhshc. O Sans�o [65] an�luse tic arq�c tou Moritz d�nontac m�a mh-stoqastik� ermhne�asthn parous�ash thc shmeiak�c prosarmog�c. Xekin�ntac ap� to krit�rio tou el�qistoum�sou tetragwniko� sf�lmatoc � m�sou �mwc �qi me th stoqastik� ermhne�a thc majhmatik�cprosdok�ac, all� me thn �nnoia thc m�shc tim�c sto ped�o orismo� thc sun�rthshc � up�jesem�no tic idi�thtec thc omog�neiac kai thc isotrop�ac. H an�lush �gine gia th sun�rthsh toudiataraktiko� dunamiko�, all� ed� ja parousiaste� h ermhne�a gia mia genik�terh sun�rthshf . S�mfwna me ton Derm�nh [106], h pr�gnwsh twn tim�n miac �gnwsthc sun�rthshc f̂(P )d�netai wc: f̂(P ) = nXi=1 �if(Pi); (2.82)�pou anazhto�ntai oi b�ltistec tim�c twn suntelest�n �i, oi opo�oi e�nai sunart�seic twnshme�wn m�trhshc. Apara�thth e�nai h eisagwg� thc apa�thshc thc summetr�ac gia touc sun-telest�c �i, twn idiot�twn dhlad� thc omog�neiac kai thc isotrop�ac. Gia na mhn exart�tai hpros�ggish thc sun�rthshc ap� thn epilog� tou sust�matoc anafor�c, pr�pei oi suntelest�c



34 TO PEDIO BARUTHTASna e�nai anex�rthtoi twn metaj�sewn kai twn strof�n. Pr�pei na isq�ei:f̂(uP ) = nXi=1 �i(uP; uP1; : : : ; uPn)f(uPi)= nXi=1 �i(P; P1; : : : ; Pn)f(uPi); (2.83)�pou u antiproswpe�ei �nan �kampto metasqhmatism� tou sust�matoc, dhlad� opoiad�potestrof� kai met�jesh sto s�sthma twn shme�wn, d�qwc �mwc allag� thc kl�makac. Tosf�lma sthn pros�ggish d�netai [106]:� = �(u) = f̂(uP )� f(uP ) == nXi=1 �i(P; P1; : : : ; Pn)f(uPi)� f(uP ) (2.84)Eis�gontac to krit�rio tou el�qistou m�sou tetragwniko� sf�lmatoc sto ped�o orismo� thcsun�rthshc (nteterministik� pros�ggish) �qoume:Mn�2o =Mun�(u)2o = min (2.85)kai Mn�2o = Munf(uP )2 � 2Xi �if(uP )f(uPi) +Xi Xj �i�jf(uPi)f(uPj)o == Munf(uP )2o� 2Xi �iMunf(uP )f(uP )io++Xi Xj �i�jMunf(uPi)f(uPj)o == k(P; P )� 2Xi �ik(P; Pi) +Xi Xj �i�jk(Pi; Pj); (2.86)�pou wc gnwst�n me k sumbol�zetai o anaparagwg�c pur�nac. H parap�nw sq�sh gr�fetaime morf� pin�kwn wc ex�c:Mn�2o = ' = k(P; P )� 2kTP�+ �TK� = min (2.87)�pou kP kai K oi p�nakec pou d�nontai ap� tic sq�seic (2.71) kai � e�nai to di�nusma twnsuntelest�n. H parap�nw pos�thta elaqistopoie�tai wc proc touc suntelest�c � s�mfwname thn sq�sh: @'@� = �2kTP + 2�TK = 0 (2.88)kai e�nai: � = K�1kP: (2.89)H telik� sq�sh pros�ggishc thc sun�rthshc f̂(P ), j�tontac s to di�nusma twn diaj�simwntim�n si = f(Pi), d�netai wc ex�c (2.67):f̂(P ) = kTPK�1s: (2.90)Sthn per�ptwsh aut�, o anaparagwg�c pur�nac den e�nai �gnwstoc, � auja�reta epilegm�noc,all� taut�zetai me th {deigmatik�-empeirik� sun�rthsh summetablht�thtac}, pou or�zetai ap�tic m�sec tim�c sto ped�o orismo� thc nteterministik�c sun�rthshc f s�mfwna me th sq�sh:k(P;Q) = C(P;Q) =Muff(uP ); f(uQ)g (2.91)



KEFALAIO 2 35Me thn parap�nw sullogistik�, h arq� tou Moritz eis�getai wc arq� elaqistopo�hshctou m�sou tetragwniko� sf�lmatoc thc ekt�mhshc (minimum mean square estimationprinciple [65]) d�qwc th qrhsimopo�hsh k�poiac stoqastik�c �nnoiac. H m�nh arq� pou qrh-simopoi�jhke e�nai h paradoq� thc stajer�thtac tou telest� ekt�mhshc stic tuqa�ec strof�cep�nw sth sfa�ra (rotational invariance property [65], [67], [55]). Aut� ousiastik� shma�nei�ti sthn per�ptwsh pou h sun�rthsh pou ektim�tai metakinhje� tuqa�a sthn epif�neia thcsfa�rac, oi statistik�c tic idi�thtec ja parame�noun stajer�c.Anakefalai�nontac, oi epilog�c pou pr�pei na g�noun gia thn pros�ggish miac sun�rthshce�nai d�o: h epilog� twn sunart�sewn b�shc ep�nw stic opo�ec ja anakataskeuaste� h�gnwsth sun�rthsh ap� gnwst�c diakrit�c metr�seic kai th gn�sh sunarthsiak�n pou ticsund�oun kai h epilog� tou eswteriko� ginom�nou (n�rma), m�sa ap� to opo�o ja prok�yei oanaparagwg�c pur�nac tou q�rou.H epilog� twn sunart�sewn b�shc sqet�zetai suqn� me tic basik�c idi�thtec thc �gnw-sthc sun�rthshc pou prosegg�zetai. Sthn per�ptwsh tou diataraktiko� dunamiko� toug�inou ped�ou bar�thtac h oikog�neia twn sunart�sewn pou antikatoptr�zei tic idi�thtec touped�ou e�nai oi sfairik�c armonik�c sunart�seic. E�nai ep�shc dunat� na qrhsimopoihjo�nwc sunart�seic b�shc peperasm�na stoiqe�a [52], m�no pou l�gw thc mh-armonik�tht�c touc,qrei�zetai na epilujo�n epipl�on exis�seic [88]. 'Eqei protaje� ak�ma h qr�sh {dikubik�n}sunart�sewn (splines) kai shmeiak�n maz�n (point mass base functions) [41].H epilog� tou eswteriko� ginom�nou, s�mfwna me to opo�o ja prosdioriste� kai o ana-paragwg�c pur�nac, apotele� �na shmantik� m�roc thc pros�ggishc, �tan anazhte�tai h{b�ltisth} pros�ggish. H n�rma mpore� na an�kei � kai na mhn an�kei ston koin� q�roHilbert [38], [87], [88], [66], all� sthn per�ptwsh pou anazhte�tai h b�ltisth pros�ggishelaq�stwn tetrag�nwn, h monadik� epilog� e�nai h e�resh thc empeirik�c sun�rthshc summe-tablht�thtac. H diadikas�a tou prosdiorismo� thc empeirik�c sun�rthshc e�nai ap� ta pioshmantik� b�mata sth swst� efarmog� thc pros�ggishc thc �gnwsthc sun�rthshc. O Lau-ritzen [40] �deixe, �ti k�tw ap� orism�nec pro�poj�seic, e�nai duskol�tero na proseggiste�h sun�rthsh summetablht�thtac ap� thn �dia thn pros�ggish thc �gnwsthc sun�rthshc toudiataraktiko� dunamiko�! (Periss�tera gia to par�doxo aut� d�nontai ap� ton Sans�o [66]).Sthn en�thta aut� katabl�jhke prosp�jeia na sumpuknwje� h genik�terh filosof�a giathn antimet�pish thc pros�ggishc thc sun�rthshc tou diataraktiko� dunamiko� tou ped�oubar�thtac. E�nai b�baia katanoht�, �ti se m�a m�no en�thta den ja mporo�se na analuje�pl�rwc �na ap� ta kuri�tera probl�mata pou apasq�lhsan � kai apasqolo�n ak�ma � thnepist�mh thc gewdais�ac. Sk�pimh, loip�n, kr�netai h anafor� se k�poiec ap� tic polu�rijmecbibliograf�ec gia perait�rw anaz�thsh. Eidik�tera epishma�nontai oi ex�c ergas�ec: [32],[55], [102], [82], [27], [4], [107], [106], [13], [14], [87], [88], [87], [90], [84], [38], [39], [40], [25],[26], [54], [65], [66], [67].2.5.2 Sunart�seic (sum)metablht�thtacH sun�rthsh (sum)metablht�thtac perigr�fei ta statistik� qarakthristik� shm�twn pousqet�zontai me to diataraktik� dunamik� tou ped�ou bar�thtac. T�toia s�mata mpore� na e�naianwmal�ec thc bar�thtac, apoq�c tou geweido�c, sunist�sec thc ap�klishc thc katakor�fou,oi bajm�dec tou dunamiko�, all� kai altimetrik� s�mata.'Opwc e�nai gnwst�, �lec oi parathr�seic pou sqet�zontai me thn pros�ggish tou ped�oubar�thtac sund�ontai me th bo�jeia thc basik�c sun�rthshc summetablht�thtac tou diata-raktiko� dunamiko� K(P;Q), thc opo�ac h m�sh tim� sthn epif�neia thc sfa�rac jewre�tai�sh me mhd�n: K(P;Q) = K( ) =MfT (P )T (Q)g == 18�2 2�Z�=0 �Z�=0 2�Z�=0 T (�; �)T (�0; �0) sin �d�d�d�; (2.92)



36 TO PEDIO BARUTHTAS�pou to M antiproswpe�ei th m�sh tim� thc sun�rthshc ep�nw sth sfa�ra (idi�thta thcomog�neiac). Ep�shc, h (2.92) e�nai anex�rthth wc proc to azimo�jio tou ~PQ (idi�thta thcisotrop�ac). Epom�nwc, h sun�rthsh K(P;Q) exart�tai m�no ap� th sfairik� ap�stashmetax� twn shme�wn kai �qi ap� th j�sh twn shme�wn. 'Opwc e�dame, gia thn isq� thcparap�nw sq�shc pr�pei: MfTg = 0 (2.93)kai MfTg = 18�2 2�Z�=0 �Z�=0 2�Z�=0 T (�; �) sin �d�d�d�= 18�2 2�Z�=0 �Z�=0 T (�; �) sin �d�d� 2�Z0 d�= 14� 2�Z�=0 �Z�=0 T (�; �) sin �d�d�: (2.94)To parap�nw olokl�rwma g�netai mhdenik�, m�non �tan h sun�rthsh tou diataraktiko� du-namiko� T (�; �) den peri�qei armonik�c mhdeniko� bajmo�, to opo�o sumba�nei �tan h m�zatou elleiyoeido�c mont�lou jewrhje� �sh me th m�za thc Ghc [32]. Taut�qrona, me kat�llhlhepilog� tou sust�matoc anafor�c, o pr�toc armonik�c �roc tou oloklhr�matoc e�nai �socme to mhd�n. Ap� kajar� nteterministik� je�rhsh, o q�roc Hilbert pou peri�qei to s�nolotwn sunart�sewn b�shc, apotele�tai ap� sunart�seic kanonik�c sto �peiro kai epom�nwcm�no sunart�seic b�shc me de�kth i > 1 mporo�n na qrhsimopoihjo�n [87].H sun�rthsh summetablht�thtac pou endiaf�rei stic praktik�c efarmog�c e�nai h sun�r-thsh auto-summetablht�thtac twn anwmali�n tou ped�ou bar�thtac, afo� oi parathr�seicaut�c apotelo�n tic prwtogene�c plhrofor�ec gia th dom� tou ped�ou. 'Olec oi up�loipecsunart�seic summetablht�thtac twn sunistws�n tou ped�ou bar�thtac lamb�nontai m�saap� tic gnwst�c sq�seic tou n�mou met�doshc twn (sum)metablhtot�twn kai tic jewr�ecthc sunarthsiak�c an�lushc [55], [86], [51], [107]. H sun�rthsh summetablht�thtac twnanwmali�n tou ped�ou bar�thtac d�netai ap� mia sq�sh an�logh thc (2.92):C(P;Q) = C( ) =MfC(P )C(Q)g == 18�2 2�Z�=0 �Z�=0 2�Z�=0 �g0P�g0Q sin �d�d�d�; (2.95)Oi sunart�seic summetablht�thtac tou diataraktiko� dunamiko� kai twn anwmali�n thcbar�thtac mporo�n na ekfrasto�n wc sfairik�c armonik�c sunart�seic s�mfwna me ticsq�seic: K(P;Q) = 1Xn=2 kn�R2rr0 �n+1Pn(cos );C(P;Q) = 1Xn=2 cn�R2rr0 �n+2Pn(cos ); (2.96)�pou R e�nai h sfairik� g�inh akt�na, r kai r0 e�nai oi aktinik�c (polik�c) apost�seic twnshme�wn P kai Q ant�stoiqa, Pn ta polu�numa tou Legendre, n o bajm�c an�ptux�c thcseir�c kai  h sfairik� ap�stash twn d�o shme�wn. Oi suntelest�c twn sfairik�n ar-monik�n kn kai cn onom�zontai ant�stoiqa suntelest�c metablht�thtac tou diatara-ktiko� dunamiko� (potential degree variances) kai suntelest�c metablht�thtac twn



KEFALAIO 2 37anwmali�n thc bar�thtac (anomaly degree variances). Oi armonik�c sunart�seic thcparap�nw morf�c onom�zontai epifaneiak�c sfairik�c armonik�c (surface spherical har-monics) kai ekfr�zoun tic sunart�seic summetablht�thtac, t�so sto s�noro thc sfairik�cepif�neiac, �so kai ekt�c tou sun�rou. H �jroish, �pwc anaf�rjhke, arq�zei ap� thn tim� 2kai �qi ap� to 0.Oi suntelest�c metablht�thtac sund�ontai m�sw thc sq�shc:cn = �n� 1R �2kn (2.97)O praktik�c upologism�c twn sunart�sewn summetablht�thtac tou ped�ou bar�thtacapotele� th shmantik�terh diadikas�a sthn pros�ggish tou ped�ou. O swst�c upologism�cthc sun�rthshc odhge� se asfale�c statistik�c plhrofor�ec gia th morf� kai tic idi�thtec touped�ou pou prosegg�zetai. Pr�pei katarq�n na pragmatopoihje� mia di�krish an�mesa stontopik� kai ton pagk�smio qarakt�ra thc sun�rthshc summetablht�thtac. Mia pagk�smiasun�rthsh summetablht�thtac tou diataraktiko� dunamiko� tou ped�ou bar�thtac perigr�feita statistik� qarakthristik� tou ped�ou se pagk�smia kl�maka. H morf� thc sun�rthshcaut�c den ja peri�qei kami� plhrofor�a gia ta topik� qarakthristik� miac periorism�nhc pe-rioq�c, afo� oi idi�thtec thc omog�neiac kai thc isotrop�ac pou isq�oun, prosd�doun �na m�soqarakt�ra sto s�nolo twn tim�n pou qrhsimopoio�ntai. Aut� shma�nei, �ti mia pagk�smiasun�rthsh summetablht�thtac, en� se pagk�smia kl�maka mpore� na parousi�zei tic sta-tistik�c idi�thtec tou ped�ou, ento�toic se peript�seic topik�n idiaiterot�twn den �qei thdunat�thta leptomero�c apeik�nishc twn qarakthristik�n aut�n. Ant�jeta, h e�resh to-pik�n sunart�sewn summetablht�thtac ap� tic tim�c twn metr�sewn se k�poia perioq� pa-rousi�zei th m�sh statistik� t�sh tou ped�ou sthn perioq� aut�. H �dia �mwc sun�rthsh denmpore� na qrhsimopoihje� gia thn perigraf� twn statistik�n qarakthristik�n miac �llhcperioq�c. H topik� sumperifor� twn sunart�sewn summetablht�thtac �qei apotel�sei an-tike�meno ektetam�nhc �reunac. Oi Schwarz and Lachapelle [68] peri�grayan ta topik� qa-rakthristik� thc sun�rthshc summetablht�thtac twn anwmali�n bar�thtac. O Forsberg[18] parous�ase mia an�lush topik�n sunart�sewn summetablht�thtac sundu�zontac tic to-pik�c plhrofor�ec pou par�qoun me tic katanom�c twn puknot�twn sto eswterik� thc Ghc.Oi Goad et al. [24] parous�asan ta topik� qarakthristik� tou ped�ou sthn hpeirwtik� pe-rioq� twn H.P.A., d�nontac �mfash sthn anuparx�a stasim�thtac tou ped�ou. Oi topik�cplhrofor�ec parousi�sthkan exet�zontac perioq�c 0:5��0:5� kai d�nontac �na pr�to orism�gia thn topik� sun�rthsh: {Mia topik� sun�rthsh summetablht�thtac e�nai mia eidik�per�ptwsh thc pagk�smiac sun�rthshc summetablht�thtac, �pou �mwc oi plhrofor�ecgia megal�tera m�kh k�matoc ap� thn �ktash thc perioq�c �qoun afaireje� kai toped�o ekt�c, all� kont� sthn perioq�, jewre�tai �ti metab�lletai me tr�po an�logo meto ped�o ent�c thc perioq�c}. O Tscherning [87] parous�ase thn efarmog� thc mej�douthc shmeiak�c prosarmog�c sthn pros�ggish tou topiko� ped�ou bar�thtac kai o Knudsen[37] upol�gise mia topik� sun�rthsh summetablht�thtac ap� ep�geia dedom�na anwmali�nthc bar�thtac kai ap� doruforik� dedom�na altimetr�ac. Analutik� mont�la, t�so gia to-pik�c sunart�seic summetablht�thtac, �so kai gia pagk�smiec d�nontai ap� ton Moritz [55].'Oson afor� sta pagk�smia mont�la, sthr�zontai stic anapt�xeic epifaneiak�n sfairik�narmonik�n s�mfwna me tic (2.96). O monadik�c periorism�c sth qr�sh twn pagk�smiwnmont�lwn summetablhtot�twn twn anwmali�n tou ped�ou bar�thtac e�nai h apa�thsh �jroi-shc ape�rwn �rwn. Qrhsimopoi�ntac mia pagk�smia b�sh dedom�nwn anwmali�n bar�thtac,oi Tscherning and Rapp [91] �dwsan kleist�c sq�seic gia ton upologism� twn suntelest�nsta apeirost� ajro�smata. Gia thn anapar�stash twn suntelest�n tou diataraktiko� du-namiko� qrhsimopoie�tai eur�tata to mont�lo {4} twn Tscherning and Rapp [91]:ki(T; T ) = A(i� 1)(i� 2)(i+ 24) ; (2.98)�pou to A e�nai mia stajer�, h opo�a prosdior�zetai ap� thn ek�stote katanom� twn de-dom�nwn me mon�dec (m=sec)4. Oi suntelest�c twn anwmali�n bar�thtac s�mfwna me to



38 TO PEDIO BARUTHTASmont�lo �qoun th morf�:ci(�g;�g) = (i� 2)2(rr0)ki(T; T ) = A(i� 1)(rr0)(i� 2)(i+ 24) : (2.99)Sthn pr�xh, ta diaj�sima dedom�na e�nai anwmal�ec thc bar�thtac kai apoq�c tou ge-weido�c pou pro�rqontai ap� altimetrik�c metr�seic. H upologistik� diadikas�a xekin�ap� thn qrhsimopo�hsh anhgm�nwn tim�n dedom�nwn. H anagwg� pragmatopoie�tai gia thnapom�krunsh twn qarakthristik�n qamhl�n suqnot�twn kai thc topograf�ac. Ta anhgm�nadedom�na antiproswpe�oun kal�tera ta topik� qarakthristik� thc perioq�c mel�thc. Hkoin� susq�tish twn dedom�nwn pou qrhsimopoio�ntai, afo� peri�qoun tic plhrofor�ec twnqamhl�n suqnot�twn kai thc topograf�ac, pr�pei na g�netai el�qisth gia thn apofug� twnarijmhtik�n problhm�twn pou parousi�zontai sthn ep�lush tou sust�matoc thc pr�gnwshc.H apom�krunsh thc susq�tishc twn dedom�nwn pragmatopoie�tai me thn apom�krunsh twnsunistws�n twn qamhl�n suqnot�twn tou ped�ou kai thc topograf�ac m�sa ap� tic to-pografik�c anagwg�c pou anaf�rjhkan sthn en�thta 2.3. H apa�thsh gia dedom�na mem�sh tim� kont� sto mhd�n (kentrwm�na�centered) gia thn ep�lush tou oloklhr�matoc(2.95) ikanopoie�tai sun�jwc me thn prosektik� proepexergas�a twn dedom�nwn kai thn orj�efarmog� twn kat�llhlwn anagwg�n kai diorj�sewn. H amet�blhth sth strof� (iso-trop�a) kai sth met�jesh (omog�neia) anapar�stash thc sun�rthshc summetablht�thtacupolog�zetai sthn pr�xh m�sa ap� th m�sh tim� sto ped�o orismo� thc twn ginom�nwn twn pa-rathr�sewn se ol�klhrh thn perioq�. Ta dedom�na d�nontai se diakrit� shme�a kai epom�nwch pros�ggish tou oloklhr�matoc (2.95) pragmatopoie�tai katarq�n me th bo�jeia arijmh-tik�c olokl�rwshc. 'Estw �ti k�je diakrit� parat�rhsh yi anaparist� to embad�n miacmikr�c perioq�c Ai kai h yj anaparist� to embad�n miac �llhc perioq�c Aj t�te:Ck = PAiAjyiyjPAiAj (2.100)E�n h perioq� qwriste� se pol� mikr�c perioq�c, pou h k�je m�a ja peri�qei m�a parat�rhshkai oi perioq�c aut�c jewrhjo�n isembadik�c, t�te h sq�sh aplopoie�tai se:Ck = P yiyjNk ; (2.101)�pou Nk o arijm�c twn ginom�nwn sto k di�sthma epilog�c. S�mfwna me ta parap�nwe�nai dunat� na upologisto�n oi empeirik�c tim�c thc sun�rthshc (sum)metablht�thtac twndedom�nwn. Qwr�zontac thn perioq� se �sa diast�mata kai upolog�zontac ta ajro�smatapou proanaf�rjhkan gia k�je di�sthma, oi tim�c twn (sum)metablhtot�twn pou lamb�nontaiantistoiqo�n stic empeirik�c tim�c thc sun�rthshc. An analujo�n oi empeirik�c tim�c thcsun�rthshc summetablht�thtac sta diaforetik� azimo�jia prok�ptei h fusiologik� ani-sotrop�a tou pragmatiko� ped�ou bar�thtac. 'Enac de�kthc aut�c thc anisotrop�ac pa-rousi�sthke ap� ton Forsberg [18], wc o l�goc tou megal�terou wc proc to mikr�tero m�kocsusq�tishc gia ta diaforetik� azimo�jia. Mia is�troph sun�rthsh summetablht�thtac �qeide�kth �so me 1. Ta kur�arqa anisotropik� qarakthristik� miac empeirik�c sun�rthshc sum-metablht�thtac e�nai dunat� na elaqistopoihjo�n me thn afa�resh twn susqet�sewn l�gwtopograf�ac. 'Ena ak�mh ped�o me enton�tero isotropik� qarakt�ra lamb�netai me thnafa�resh en�c pagkosm�ou mont�lou meg�lou bajmo� an�ptuxhc. Sth sun�qeia, me th bo�jeiatwn empeirik� upologism�nwn tim�n thc sun�rthshc summetablht�thtac, upolog�zontai oiempeirik� prosdioriz�menoi suntelest�c twn anwmali�n tou ped�ou bar�thtac. Oi empeirik�upologism�noi suntelest�c perigr�foun thn topik� sumperifor� thc sun�rthshc me b�sh taqrhsimopoio�mena dedom�na. Oi tim�c aut�c kat� kan�na den akoloujo�n k�poio majhmatik�mont�lo. H prosarmog� en�c analutiko� mont�lou stic empeirik�c tim�c e�nai to ep�menob�ma ston prosdiorism� thc sun�rthshc summetablht�thtac tou diataraktiko� dunamiko�.Qrhsimopoie�tai sun�jwc to mont�lo twn Tscherning and Rapp (2.99) [91]. Ap� th stigm�



KEFALAIO 2 39pou upolog�zetai mia topik� sun�rthsh summetablht�thtac apara�thth e�nai h apom�krunshtwn qamhl�n suqnot�twn tou ped�ou pou antiproswpe�oun thn ep�drash ekt�c thc perioq�cmel�thc. H apom�krunsh pragmatopoie�tai me thn afa�resh thc suneisfor�c en�c pagk�smioumont�lou sfairik�n armonik�n. Oi suntelest�c tou mont�lou �qoun prosdioriste�, �pwc �qei�dh perigrafe�, met� ap� prosarmog� pagk�smiwn b�sewn dedom�nwn (ep�geiwn kai dorufo-rik�n) se mont�la sfairik�n armonik�n. Oi suntelest�c auto� sunode�ontai kai ap� taant�stoiqa sf�lmata prosdiorismo� touc. Sunep�c h ep�drash aut�n twn sfalm�twn pr�peina lhfje� up�yh. Gia to l�go aut�n, qrhsimopoio�ntai oi suntelest�c summetablht�thtacsf�lmatoc tou mont�lou (error degree-variances), oi opo�oi d�nontai ap� thn ex�swsh:�i = 
2R2 mXi=0  �C2im +�S2im!; (2.102)�pou �i e�nai oi suntelest�c metablht�thtac sf�lmatoc twn suntelest�n tou pagk�smiougewdunamiko� mont�lou, 
 mia m�sh tim� thc kanonik�c bar�thtac, R h m�sh g�inh akt�na, io bajm�c me to n wc m�gisto, m h m�gisth t�xh an�ptuxhc kai �Cim, �Sim ta sf�lmatatwn suntelest�n tou mont�lou. Oi suntelest�c metablht�thtac sf�lmatoc ekfr�zoun tosf�lma sto pagk�smio mont�lo, to opo�o mpore� na e�nai shmantik� sthn perioq� mel�thc.Upoj�tontac �ti oi suntelest�c metablht�thtac sf�lmatoc tou mont�lou d�noun toul�qistonth genik�terh t�sh (trend) sthn perigraf� tou sf�lmatoc an� bajm� an�ptuxhc, sth mel�thmiac topik�c perioq�c oi tim�c twn suntelest�n pollaplasi�zontai me mia koin� stajer� a. Or�loc thc param�trou a taut�zetai me to r�lo en�c suntelest� kl�makac gia thn taut�qronhqrhsimopo�hsh twn suntelest�n sf�lmatoc kai twn suntelest�n tou diataraktiko� duna-miko�. To topik� mont�lo gia thn pros�ggish thc sun�rthshc summetablht�thtac katal�geisth morf�: K(P;Q) = a nXi=2 �i�R2rr0�i+1Pi(cos ) + 1Xi=n+1�i�R2Brr0 �Pi(cos ) (2.103)Sthn parap�nw ex�swsh n e�nai o m�gistoc bajm�c an�ptuxhc tou pagk�smiou mont�lou,R mia m�sh akt�na thc Ghc, RB e�nai h akt�na thc sfa�rac tou Bjerhammar [32] kai  e�nai h sfairik� ap�stash metax� twn shme�wn P kai Q. 'Eqontac gnwst� thn tim� thcsun�rthshc summetablht�thtac K(P;Q) ap� touc empeiriko�c upologismo�c, oi �gnwstoigia ton prosdiorism� thc topik�c sun�rthshc e�nai h par�metroc A tou mont�lou twn Tscher-ning and Rapp, o suntelest�c kl�makac a kai h tim� thc RB thc akt�nac tou Bjerhammar.K�je m�a �gnwsth par�metroc antistoiqe� se diaforetik�c perioq�c tou sunoliko� f�smatocthc sun�rthshc, afo� o suntelest�c kl�makac a sqet�zetai me tic qamhl�c suqn�thtec touf�smatoc, en� o A kai idia�tera o RB qarakthr�zoun tic uyhl�c suqn�thtec [1]. H diadikas�aprosdiorismo� twn tri�n param�trwn parousi�sthke ap� ton Tscherning [85], anal�jhke ap�tonKnudsen [37] gia thn per�ptwsh �parxhc kai altimetrik�n dedom�nwn kai akolouje�tai stopr�gramma an�lushc gewdaitik�n dedom�nwn GEOCOL [83]. H diadikas�a pou prote�netaigia thn pros�ggish miac topik�c sun�rthshc summetablht�thtac, pro�poj�tei �ti h (2.99)apotele� �na isq�on mont�lo gia thn ekt�mhsh thc (2.101). To gegon�c aut� sumba�nei, �tanto g�ino ped�o bar�thtac, ekt�c thc topik�c perioq�c, �qei thn �dia statistik� sumperifor�wc proc th m�sh tim� me to topik� ped�o [88]. E�nai loip�n shmantik� na afairejo�n, ekt�cap� th suneisfor� tou ped�ou anafor�c kai ta topik� topografik� qarakthristik� thc pe-rioq�c me th diadikas�a pou perigr�fhke sthn en�thta 2.3.Par�deigma: pr�gnwshc apoq�n tou geweido�c ap� diakrit� dedom�na anwmali�nbar�thtacJa parousiaste� �na par�deigma efarmog�c thc mej�dou thc b�ltisthc grammik�c pr�gnwshcgia thn per�ptwsh pou ta dedom�na e�nai anwmal�ec thc bar�thtac kai h pr�gnwsh g�netai seapoq�c tou geweido�c. 'Emfash ja doje� kur�wc sta epim�rouc b�mata proepexergas�ac twn



40 TO PEDIO BARUTHTASdedom�nwn, afo� h an�lush tou algor�jmou thc shmeiak�c prosarmog�c �qei parousiaste�ap� pollo�c ereunht�c (bl., p.q., [55] kai [107]).To basik�tero b�ma, �pwc �qei �dh anaferje�, e�nai h kat�llhlh epilog� kai o akrib�cupologism�c tou anaparagwgo� pur�na pou ja qrhsimopoihje� sth diadikas�a thc pr�gnwshc.'Otan o anaparagwg�c pur�nac taut�zetai me th empeirik� sun�rthsh summetablht�thtac, hopo�a prok�ptei ap� th suneisfor� tou pl�jouc twn dedom�nwn thc perioq�c, t�te lamb�netaiwc apot�lesma h b�ltisth grammik� pr�gnwsh el�qistou m�sou tetragwniko� sf�lmatoc. Hl�sh aut� e�nai h b�ltisth gia th sugkekrim�nh perioq�, th sugkekrim�nh k�luyh kai poi�thtatwn dedom�nwn, ta opo�a qrhsimopoi�jhkan gia ton upologism� thc empeirik�c sun�rthshc.Gia thn perigraf� ap� thn empeirik� sun�rthsh twn topik�n qarakthristik�n tou ped�oubar�thtac e�nai apara�thth h apom�krunsh twn qamhl�n suqnot�twn tou ped�ou, thc sunei-sfor�c dhlad� twn tim�n en�c pagk�smiou gewdunamiko� mont�lou. Ak�mh, h apom�krunshtwn uyhl�n suqnot�twn tou ped�ou m�sa ap� kat�llhlec anagwg�c kai diorj�seic l�gw thctopograf�ac exale�fei tic anisotrop�ec ston upologism� thc empeirik�c sun�rthshc. Ta de-dom�na pou telik� qrhsimopoio�ntai, qarakthr�zoun �na exomalunsm�no ped�o kai eis�gontaisth sq�sh (2.101). H empeirik� sun�rthsh summetablht�thtac pou upolog�zetai, kat�kan�na, den akolouje� k�poio analutik� mont�lo. Gia th qr�sh thc sth diadikas�a thc sh-meiak�c prosarmog�c apara�thth e�nai h prosarmog� twn tim�n se �na mont�lo thc morf�c(2.99). H prosarmog� g�netai, �pwc perigr�yame parap�nw, akolouj�ntac to krit�rio twnelaq�stwn tetrag�nwn kai prosegg�zontac b�ltista tic �gnwstec param�trouc RB , a kai A.Met� ap� to b�ltisto prosdiorism� twn param�trwn aut�n, �qei upologiste� h monte-lopoihm�nh empeirik� sun�rthsh summetablht�thtac. To pr�blhma gia thn efarmog� thcmej�dou thc shmeiak�c prosarmog�c e�nai o meg�loc arijm�c twn grammik�n exis�sewn pouepil�ontai. Ap� th sq�sh (2.78) fa�netai kajar� �ti o arijm�c twn exis�sewn iso�tai me tonarijm� twn parathr�sewn pou up�rqoun diaj�simec. Gia to l�go aut�n, e�nai apara�thto,prin thn efarmog� tou algor�jmou thc shmeiak�c prosarmog�c na g�netai mia diadikas�aepilog�c twn parathr�sewn. Leptom�reiec gia thn epilog� twn dedom�nwn �qoun doje� ap�touc [87], [24] [90]. Ed� ja doje� m�a s�ntomh perigraf�. Katarq�n, ta dedom�na pr�pei naaxiologhjo�n me kat�llhlec mej�douc gia thn apom�krunsh qondroeid�n sfalm�twn [89].Sth sun�qeia pr�pei na dojo�n k�poioi kan�nec gia thn apara�thth pukn�thta twn dedom�nwn,se sq�sh me to m�koc susq�tishc thc sun�rthshc summetablht�thtac. 'Enac kan�nac (rule-of-thumb) gia thn kat�llhlh epilog� thc diakritik�c ap�stashc twn dedom�nwn d�netai ap�thn ex�swsh [87]: e2d � Co�0:3d 1 �2; (2.104)�pou ed e�nai h tupik� ap�klish, h opo�a antistoiqe� sthn akr�beia prosdiorismo� twn anw-mali�n bar�thtac, Co e�nai h metablht�thta tou sun�lou twn dedom�nwn bar�thtac kai  1e�nai to m�koc susq�tishc twn tim�n tou ped�ou. Oi d�o teleuta�ec pos�thtec lamb�nontaiapeuje�ac ap� th diadikas�a prosdiorismo� thc montelopoihm�nhc empeirik�c sun�rthshc.P.q., an to epijumht� sf�lma ston prosdiorism� twn anwmali�n bar�thtac e�nai 3 mGalkai ap� thn empeirik� sun�rthsh prok�ptei Co = 625 mGal kai  1 = 100, t�te h ap�stashmetax� twn dedom�nwn arke� na e�nai 40. 'Ena m�so di�sthma loip�n metax� twn dedom�nwnmpore� na prosdioriste� ap� th stigm� pou e�nai gnwst�: (a) h epijumht� akr�beia prosdio-rismo� tou geweido�c, h opo�a antistoiqe� se sugkekrim�nh akr�beia parembol�c twn anw-mali�n bar�thtac, (b) h metablht�thta tou sun�lou twn tim�n twn anwmali�n bar�thtackai (g) to m�koc susq�tishc tou ped�ou, ta opo�a prok�ptoun ap� th montelopo�hsh thcempeirik�c sun�rthshc summetablht�thtac. Mia arqik� l�sh mpore� na prok�yei me taant�stoiqa shme�a twn dedom�nwn kai sth sun�qeia mia pr�gnwsh twn tim�n sta shme�apou den �qoun qrhsimopoihje� sth l�sh. Dedom�nhc thc apom�krunshc endeq�menwn qon-droeid�n sfalm�twn ap� tic parathr�seic [89], an oi diafor�c pou prok�ptoun ap� th l�sh,se sq�sh me tic aujentik�c parathr�seic, diaf�roun shmantik� (p.q., > 3ed), t�te oi tim�caut�c sumperilamb�nontai sthn n�a ep�lush. Periss�tera gia th diadikas�a epilog�c twnparathr�sewn d�nontai ap� touc [87], [24].



KEFALAIO 2 41'Ustera ap� thn epilog� twn dedom�nwn, o arijm�c twn exis�sewn ja �qei elattwje�arket�, �ste h genik� l�sh na e�nai pl�on efikt�. Sthn per�ptwsh pou up�rqoun ak�mharijmhtik� probl�mata akolouje�tai h m�jodoc thc shmeiak�c prosarmog�c kat� b�mata[84], [55].Mia parallag� thc mej�dou thc shmeiak�c prosarmog�c parousi�sthke ap� touc Bot-toni and Barzaghi [5]. H m�jodoc aut� sthr�zetai sthn elaqistopo�hsh thc diadikas�ac thcpr�gnwshc me ton kat�llhlo upologism� twn dedom�nwn se k�nnabo. H taqe�a shmeiak�prosarmog� (fast collocation) �qei to pleon�kthma thc epit�gqunshc twn upologistik�ndiadikasi�n.2.6 Efarmog�c fasmatik�n teqnik�n sto ped�o bar�th-tacOi m�jodoi pou anapt�qjhkan stic prohgo�menec paragr�fouc, anal�jhkan se sun�rthshme thn filosof�a pou akoloujo�n gia thn pros�ggish tou ped�ou bar�thtac. Oi fasmatik�cm�jodoi pros�ggishc de sqet�zontai me thn arqik� filosof�a thc mej�dou pros�ggishc, all�apotelo�n �na epipl�on ergale�o sthn antimet�pish twn pol�plokwn majhmatik�n sq�sewnpou prok�ptoun. H an�gkh gia thn an�ptuxh twn fasmatik�n teqnik�n pro�lje ap� togegon�c thc suneqo�c meg�lhc a�xhshc twn diaj�simwn dedom�nwn.Me thn an�ptuxh n�wn mej�dwn metr�sewn (ap�-a�ra, doruforik�c) parousi�sthke han�gkh an�ptuxhc kat�llhlwn mejodologi�n gia thn taqe�a ep�lush twn problhm�twn pro-s�ggishc tou ped�ou bar�thtac. Pollo� ereunht�c parous�asan tropopoi�seic twn arqik�nsq�sewn, me skop� ton periorism� twn arijmhtik�n upologism�n. Parade�gmata tropo-poi�sewn thc basik�c sun�rthshc tou Stokes ston prosdiorism� thc epif�neiac tou geweido�cap� metr�seic anwmali�n bar�thtac �qoun doje� ap� touc [53], [34], [78], [103]. Ta olo-klhr�mata thc morf�c (2.7) onom�zontai suneliktik� oloklhr�mata (convolution inte-grals) kai e�nai dunat� na epilujo�n sqetik� apl� me th qr�sh twn fasmatik�n teqnik�n,me thn pro�p�jesh �ti ta dedom�na d�nontai se morf� kann�bou. Epeid� oi basik�c sq�seicpros�ggishc tou ped�ou parousi�zontai se morf� suneliktik�n oloklhrwm�twn, h efarmog�twn fasmatik�n teqnik�n odhge� se gr�gorec, ap� �poyh qr�nou upologismo� ston upolo-gist� (CPU time), l�seic.O �roc f�sma (spectrum { specter (latin)) ofe�letai ston Sir Issac Newton, o opo�ocparat�rhse thn an�lush tou hliako� fwt�c se qr�mata, �tan mia akt�na hl�ou pern� m�saap� �na komm�ti gual�. Parat�rhse �ti k�je qr�ma anaparist� �na sugkekrim�no m�kock�matoc thc hliak�c aktinobol�ac. O Newton sto klasik� tou �rgo Principia [57] an�luseme majhmatik�c exis�seic, �sa e�qe parathr�sei gia k�poia periodik� fusik� fain�mena oPujag�rac ton 6 ai�na p.Q. O G�lloc mhqanik�c Jean Baptist Fourier parous�ase sthdiatrib� tou �ti opoiad�pote sun�rthsh u(x), mpore� na analuje� se �na �jroisma ape�rwnhmitonoeid�n kai sunhmitonoeid�n �rwn wc ex�c [22]:u(x) = 1Xk=1[Ak cos(kax) +Bk sin(kax)]: (2.105)H an�lush Fourier, �pwc l�getai, e�nai h an�ptuxh miac sun�rthshc se �rouc hmit�nou kaisunhmit�nou. Oi efarmog�c thc an�lushc aut�c anapt�qjhkan idia�tera stic hlektronik�cepist�mec [7], [8]. Ta teleuta�a qr�nia �qei parousiaste� plhj�ra efarmog�n twn meta-sqhmatism�n Fourier sthn pros�ggish param�trwn tou ped�ou bar�thtac. Oi Sideris [77],[71] kai Forsberg [18] qrhsimopo�hsan touc metasqhmatismo�c Fourier gia ton upologism�topografik�n diorj�sewn. O Vassiliou [104] kai oi Tziavos et al. [98] ef�rmosan thn �diamejodolog�a gia ton upologism� thc ep�drashc tou anagl�fou se ap� a�ra metr�seic thcbar�thtac kai thc bajmidometr�ac (airborne gravity and gradiometry). Oi Harrison and Dic-kinson [30], Haagmans et al. [28] kai oi Klose and Ilk [36] pr�teinan eidik�c tropopoi�seic twn



42 TO PEDIO BARUTHTASmetasqhmatism�n Fourier gia thn apaloif� orism�nwn sfalm�twn kat� thn efarmog� touc.Oi Hofmann-Wellenhof and Moritz [33], oi Schwarz et al. [69] kai o Sideris [73] �dwsan miagenik� episk�phsh twn efarmog�n twn metasqhmatism�n Fourier, en� sugkritik�c anal�seictwn teqnik�n m�sw arijmhtik�n apotelesm�twn parousi�sthkan ap� ton Tziavos [94]. Sthnan�lush pou ja akolouj�sei ja parousiasto�n m�non oi basik�c sq�seic tou didi�statoumetasqhmatismo� Fourier, afo� ta gewdaitik� dedom�na aforo�n se didi�statec katanom�c.2.6.1 O metasqhmatism�c Fourier stic d�o diast�seicSth genik�terh per�ptwsh o poludi�statoc metasqhmatism�c Fourier G thc sun�rthshc gd�netai ap� tic dianusmatik�c exis�seic [73]:G(f) = 1Z�1 g(t)e�2�ifTtdt = Ffg(t)g; (2.106)g(t) = 1Z�1 G(f)e2�ifTtdf = F�1fG(f)g; (2.107)ap� tic opo�ec h pr�th antistoiqe� ston euj� kai h de�terh ston ant�strofo metasqhmatism�Fourier. Ta dian�smata t kai f antistoiqo�n stic suntetagm�nec q�rou kai suqn�thtac,antisto�qwc. P.q., gia thn per�ptwsh tou didi�statou metasqhmatismo� pou endiaf�rei sthnper�ptwsh twn gewdaitik�n efarmog�n, isq�ei:t = [x y]Tf = [u v]TfTt = ux+ vy (2.108)dt = dxdydf = dudv�pou u; v e�nai oi suntetagm�nec sto q�ro twn suqnot�twn pou antistoiqo�n stic qwrik�csuqn�thtec x; y kai ta oloklhr�mata stic sq�seic (2.106) e�nai dipl� oloklhr�mata. Oiidi�thtec tou didi�statou suneqo�c metasqhmatismo� d�nontai kai apodeikn�ontai ap� touc[16], [77], [7], [8], [58], [69], [93].Sthn per�ptwsh thc fusik�c gewdais�ac, ta diaj�sima dedom�na �qoun sun�jwc didi�stathkatanom�. Ep�shc, den e�nai gnwst� h sun�rthsh tou ped�ou sthn analutik� thc morf�, e�nai�mwc diaj�simec diakrit�c tim�c thc sun�rthshc aut�c se mia periorism�nhc �ktashc pe-rioq� (� k�poiac �llhc sun�rthshc pou sund�etai me th zhto�menh me th bo�jeia kat�llhlwnsunarthsiak�n, �pwc fa�netai sthn en�thta 2.5). H diakritopo�hsh thc sun�rthshc odhge�sthn antikat�stash twn suneq�n oloklhrwm�twn me diakrit� ajro�smata kai h periorism�nh�ktash thc perioq�c sthn metabol� twn apeirost�n or�wn twn ajroism�twn se peperasm�na.H diadikas�a diakritopo�hshc twn sq�sewn tou metasqhmatismo� sthr�zetai sthn efarmog�tou jewr�matoc thc deigmatolhy�ac (sampling theorem) kai perigr�fetai sto sq�ma 2.5.To je�rhma thc deigmatolhy�ac kajor�zei tic pro�poj�seic, k�tw ap� tic opo�ec �na suneq�cs�ma mpore� na anakataskeuaste� pl�rwc ap� deigmatik�c diakrit�c tim�c tou d�qwc ap�leiathc plhrofor�ac pou pare�qe to arqik� s�ma. 'Estw, loip�n, �ti gnwr�zoume akrib�c th dom�thc didi�stathc sun�rthshc tou dunamiko� tou ped�ou bar�thtac, sun�rthsh, thc opo�ac hpros�ggish e�nai to k�rio antike�meno thc fusik�c gewdais�ac. 'Estw �ti h morf� thcsun�rthshc perior�zetai stic qamhl�c suqn�thtec ft�nontac se m�a m�gisth tim�. T�te, hsun�rthsh parousi�zei periorism�no ped�o orismo� sto q�ro twn suqnot�twn (band limi-ted). 'Estw oi m�gistec suqn�thtec thc sun�rthshc w(x; y) e�nai Uo kai Vo kat� x kai y,ant�stoiqa. Aut� shma�nei �ti o suneq�c metasqhmatism�c Fourier thc w(x; y) e�nai mhd�ngia jU j > Uo � jV j > Vo. O suneq�c metasqhmatism�c en�c pragmatiko� s�matoc e�nai
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Sq�ma 2.5: Sqhmatik� anapar�stash tou jewr�matoc deigmatolhy�ac.p�ntote mia summetrik� sun�rthsh [49], [7], me sunolik� m�gejoc 2Uo kai 2Vo sto q�ro twnsuqnot�twn, �pwc fa�netai kai sto sq�ma 2.5. Mia deigmatolhptik� sun�rthsh (sampledfunction) thc w(x; y) mpore� na kataskeuaste� ap� ton pollaplasiasm� thc sun�rthshc aut�cme th deigmatik� sun�rthsh (sampling function). H deigmatik� sun�rthsh apotele�taiap� poll�c sunart�seic palmo� kai parousi�zetai ousiastik� wc �na pl�gma shme�wn, �pwcfa�netai sto sq�ma 2.5. To apot�lesma tou pollaplasiasmo� thc suneqo�c sun�rthshcw(x; y) me th deigmatik� sun�rthsh {diasp�} to suneq� qarakt�ra se diakrit�c tim�c. Oidiakrit�c tim�c thc sun�rthshc d�nontai ap� th sq�sh:ws(x; y) = w(x; y) � TS= TxTy 1Xn=�1 1Xm=�1w(nTx;mTy)�(x� nTx; y �mTy); (2.109)�pou TS e�nai h didi�stath deigmatik� sun�rthsh, Tx; Ty e�nai to b�ma thc deigmatik�csun�rthshc kat� x kai y ant�stoiqa. 'Opwc e�nai gnwst� ap� th jewr�a twn metasqh-matism�n Fourier, ta suneliktik� oloklhr�mata sto q�ro twn apost�sewn metatr�pontaise apl�c sq�seic pollaplasiasmo� sto q�ro twn suqnot�twn. Sto gegon�c aut� �gkei-tai kai h meg�lh shmas�a twn metasqhmatism�n sthn pros�ggish tou ped�ou bar�thtac.Ep�shc, h sun�lixh sto q�ro twn suqnot�twn metafr�zetai se pollaplasiasm� sto q�rotwn apost�sewn. H diakritopo�hsh thc suneqo�c sun�rthshc sto q�ro twn apost�sewnme apl� pollaplasiasm� sunep�getai th sun�lixh twn fasm�twn sto q�ro twn suqnot�twns�mfwna me thn ex�swsh:Ws(u; v) = W (u; v) �FfTSg =



44 TO PEDIO BARUTHTAS= 1Xk=�1 1Xl=�1W (u� kU; v � lV ); (2.110)�pou Ws(u; v) o metasqhmatism�c Fourier thc sun�rthshc ws(x; y) kai FfTSg o metasqh-matism�c thc deigmatik�c sun�rthshc. 'Opwc fa�netai kai sto sq�ma 2.5, h sun�lixh me-tax� tou f�smatoc thc suneqo�c sun�rthshc kai tou f�smatoc thc deigmatik�c sun�rthshc�qei wc apot�lesma thn {antigraf�} (replicating) thc W (u; v) sto q�ro twn suqnot�twnan� diast�mata 1=Tx kai 1=Ty, ta opo�a antistoiqo�n sth j�sh k�je miac metasqhma-tism�nhc sun�rthshc palmo�. H Ws(u; v) apotele�, loip�n, thn periodik� antigraf� thcarqik�cW (u; v), kai o metasqhmatism�c Fourier thc deigmatik�c sun�rthshc kale�tai suqn�sun�rthsh antigraf�c (replicating function). Isq�ei, dhlad�, k�ti ant�stoiqo me th su-n�lixh kai ton pollaplasiasm� pou perigr�yame parap�nw: Deigmatolhy�a ston �na q�rometafr�zetai se antigraf� ston �llo q�ro. Meg�lh shmas�a, �pwc am�swc g�netai anti-lhpt�, apokt� h epilog� tou diast�matoc (b�matoc) diakritopo�hshc. E�n to di�sthma dia-kritopo�hshc epilege� meg�lo, �tsi �ste U < 2Uo kai V < 2Vo, t�te ta pollapl� ant�grafathc sun�rthshc W (u; v) ja uperkal�ptontai metax� touc, �pwc fa�netai sto sq�ma 2.5.'Oso mikra�nei to di�sthma diakritopo�hshc (U � 2Uo kai V � 2Vo), t�so ta ant�grafa jaapomakr�nontai to �na ap� to �llo, �tsi �ste na e�nai dunat� h apom�nwsh tou en�c giathn anakataskeu� thc arqik�c sun�rthshc. H uperk�luyh twn antigr�fwn odhge� sthn pa-rapo�hsh (aliasing) tou f�smatoc thc pragmatik�c sun�rthshc. Gia thn anakataskeu� thcsun�rthshc ap� tic diakrit�c tim�c thc, dhlad� gia thn parembol� suneq�n tim�n metax� twndeigm�twn, apara�thth e�nai h eisagwg� kat�llhlou qamhloperato� (low pass) orjogwniko�f�ltrou FW sto q�ro twn suqnot�twn. H ep�drash tou f�ltrou fa�netai sto sq�ma 2.5.H anakataskeu� thc sun�rthshc perigr�fetai ap� th sq�sh:W (u; v) =Ws(u; v) � FW )w(x; y) = ws(x; y) �F�1fFWg (2.111)Sun�jwc, ekt�c ap� periorism�no ped�o orismo� sto q�ro twn suqnot�twn, h sun�rthsh�qei kai periorism�no ped�o orismo� sto q�ro twn apost�sewn (spacelimited), giat� ana-f�retai se topik� perioq�. Aut� shma�nei, �ti h sun�rthsh W (x; y) e�nai mhd�n gia tim�cjxj > Tox kai jyj > Toy. O periorism�c thc sun�rthshc sto q�ro twn apost�sewn �qei wcapot�lesma thn emf�nish n�wn suqnot�twn, oi opo�ec den peri�qontai sthn arqik� sun�rthsh.To fain�meno aut� onom�zetai fasmatik� diarro� (spectral leakage). E�n efarmoste� sthnper�ptwsh aut� to je�rhma thc diakritopo�hshc sto q�ro twn suqnot�twn me diast�mataU � 1=2Tox kai V � 1=2Toy, t�te dhmiourge�tai mia mh uperkalupt�menh periodik� �kfrashtou arqiko� s�matoc. Oi suqn�thtec U = 1=2Tox kai V = 1=2Toy onom�zontai suqn�thtecNyquist kai apotelo�n to �rio ep�nw ap� to opo�o parapoie�tai o qarakt�rac thc arqik�csun�rthshc.Oi arq�c tou jewr�matoc thc deigmatolhy�ac efarm�zontai sth diadikas�a metafor�cap� to suneq� sto diakrit� metasqhmatism� Fourier. Ta b�mata gia th diakritopo�hsh toumetasqhmatismo� e�nai:1. To pr�to b�ma e�nai h diakritopo�hsh thc sun�rthshc me sugkekrim�no b�ma, �pwcperigr�fhke parap�nw. Aut� �qei wc apot�lesma thn paragwg� antigr�fwn tou f�-smatoc thc sun�rthshc sto q�ro twn suqnot�twn. An�loga me thn pukn�thta toub�matoc diakritopo�hshc, h antigraf� aut� mpore� na prokal�sei uperkal�yeic metax�twn diadoqik�n antigr�fwn kai na katastr�yei to f�sma eis�gontac to sf�lma thcparapo�hshc.2. To ep�meno b�ma e�nai o periorism�c thc suneqo�c sun�rthshc se mia sugkekrim�nh�ktash, apotelo�menh ap� sugkekrim�no arijm� deigmatik�n shme�wn. Aut� prag-matopoie�tai me ton pollaplasiasm� thc diakrit�c pl�on sun�rthshc me kat�llhlhsun�rthsh par�juro (window function) m�kouc �sou me to m�koc thc �ktashc kai



KEFALAIO 2 45monadia�ou �youc, to opo�o kai antistoiqe� sth sun�lixh tou f�smatoc thc sun�rthshcme th sun�rthsh parembol�c (interpolating function { sinc function) [97]. To gegon�caut� �qei wc sun�peia thn eisagwg� epipl�on sfalm�twn sto f�sma thc sun�rthshcl�gw fasmatik�c diarro�c.3. To teleuta�o b�ma sqet�zetai me th diakritopo�hsh tou upoloip�menou f�smatoc, toopo�o pollaplasi�zetai sto q�ro twn suqnot�twn me mia deigmatik� sun�rthsh. Aut�odhge� sth dhmiourg�a antigr�fwn thc diakrit�c sun�rthshc sto q�ro twn apost�-sewn. O diakrit�c metasqhmatism�c Fourier e�nai s�mfwna me aut� th diadikas�aperiodik�c kai stouc d�o q�rouc. S�mfwna me ta parap�nw, up�rqei mia sugkekrim�nhm�gisth suqn�thta kai mia sugkekrim�nh el�qisth suqn�thta, oi opo�ec mporo�n naanakthjo�n ap� to diakrit� metasqhmatism� (�rio Nyquist).Gia thn elaqistopo�hsh tou fainom�nou thc parapo�hshc ta de�gmata thc sun�rthshcpr�pei na epil�gontai �so to dunat� pio pukn� kai gia thn pl�rh antimet�pish tou fainom�noupr�pei ta �x kai �y na epil�gontai me t�toio tr�po, �ste h suqn�thta Nyquist na e�naimegal�terh ap� th megal�terh suqn�thta pou parousi�zetai sta dedom�na. To pr�blhma stagewdaitik� probl�mata e�nai �ti sun�jwc ta dedom�na e�nai diaj�sima se morf� kann�bou kaigi aut� den mpore� na epilege� to kat�llhlo di�sthma diakritopo�hshc. Sthn per�ptwsh aut�h exom�lunsh tou sunoliko� s�matoc, me thn afa�resh qarakthristik�n uyhl�n suqnot�twnap� ta dedom�na (m�sw topografik�n anagwg�n) mpore� na odhg�sei sthn elaqistopo�hshtou fainom�nou.'Oson afor� sto fain�meno thc fasmatik�c diarro�c, ja e�nai p�ntote par�n sta apo-tel�smata gia to l�go thc periorism�nhc �ktashc efarmog�c tou metasqhmatismo�. Sthnpr�xh, gia thn antimet�pish tou fainom�nou, o periorism�c thc arqik�c sun�rthshc denpragmatopoie�tai me th qr�sh orjogwnik�n sunart�sewn, all� me th qr�sh kat�llhlwnsunart�sewn-paraj�rwn [29]. Stic gewdaitik�c efarmog�c to fain�meno thc fasmatik�cdiarro�c mpore� na elaqistopoihje� afair�ntac ta qarakthristik� qamhl�n suqnot�twn tous�matoc, afair�ntac dhlad�, th suneisfor� en�c pagk�smiou gewdunamiko� mont�lou [73].H m�jodoc thc apom�krunshc kai epanafor�c pou perigr�fhke sthn par�grafo 2.2 apo-tele� thn idanik�terh proepexergas�a twn dedom�nwn, afo� afaire� th suneisfor� thc topo-graf�ac me tic kat�llhlec anagwg�c (elaqistopo�hsh thc parapo�hshc) kai en�c pagk�smiougewdunamiko� mont�lou (elaqistopo�hsh thc fasmatik�c diarro�c) prin thn eisagwg� stoucalgor�jmouc prosdiorismo� twn sunistws�n tou ped�ou bar�thtac. Stouc upologismo�cauto�c e�nai dunat� na efarmosto�n oi fasmatik�c teqnik�c pou ja perigr�youme sth su-n�qeia, ap� th stigm� pou to s�nolo twn sq�sewn sto ped�o bar�thtac sqet�zetai me thl�sh suneliktik�n oloklhrwm�twn. H epanafor� thc suneisfor�c twn qamhl�n kai uyhl�nsuqnot�twn oloklhr�nei th diadikas�a pros�ggishc twn param�trwn.H efarmog� thc diakritopo�hshc tou suneqo�c metasqhmatismo� Fourier sthn ep�lushsuneliktik�n oloklhrwm�twn stic d�o diast�seic �qei th morf�:x(k; l) = MXk=1 NXl=1 g(m;n)h(k �m; l � n) (2.112)'Otan h parap�nw sq�sh epil�etai me arijmhtik� olokl�rwsh ta apotel�smata odhgo�nsth grammik� sun�lixh (linear convolution). Sthn per�ptwsh pou efarm�zetai o diakrit�cmetasqhmatism�c Fourier gia thn ep�lush tou diakrito� suneliktiko� ajro�smatoc, t�te taapotel�smata apokl�noun se s�gkrish me ta apotel�smata ap� thn arijmhtik� olokl�rwshkai antistoiqo�n sthn kuklik� sun�lixh (circular convolution). Aut� sumba�nei, giat� methn efarmog� tou diakrito� metasqhmatismo� �lec oi sunart�seic pou peri�qontai stoucsuneliktiko�c t�pouc antimetwp�zontai wc periodik�c. Ap� austhr� majhmatik� skopi� hkuklik� sun�lixh mpore� na jewrhje� wc grammik� sun�lixh ephreasm�nh ap� to fain�menothc parapo�hshc [58]. Ta apotel�smata thc kuklik�c sun�lixhc mporo�n na apofeuqjo�n



46 TO PEDIO BARUTHTASme thn efarmog� mia eidik�c teqnik�c pou onom�zetai prosj�kh mhdenik�n tim�n (zero-padding), kat� thn opo�a mhdenik�c tim�c prost�jentai stic sunart�seic eis�dou, s�mfwname to sq�ma 2.6. H efarmog� thc prosj�khc mhdenik�n tim�n pragmatopoie�tai wc ex�c:

Sq�ma 2.6: Efarmog� thc prosj�khc mhdenik�n tim�n kai antimet�pish tou fainom�nou thckuklik�c sun�lixhc. (Sq�ma ap� [45]).1. Efarmog� thc prosj�khc mhdenik�n kai morfopo�hsh twn n�wn sunart�sewn gP (k; l)kai hP (k; l).2. Upologism�c twn metasqhmatism�n GP (u; v) kai HP (u; v) m�sw tou diakrito� meta-sqhmatismo� Fourier.3. Upologism�c thc sun�lixhc: XP (u; v) = GP (u; v)HP (u; v).4. Efarmog� tou antistr�fou metasqhmatismo� gia thn e�resh tou xP (k; l).5. Apom�nwsh tou kentriko� ped�ou x(k; l).Ta apotel�smata pou lamb�nontai e�nai �moia me ta apotel�smata thc grammik�c sun�lixhc,�tan upolog�zetai me apl� arijmhtik� olokl�rwsh [45]. 'O,ti anaf�rjhke gia th suneliktik�diadikas�a isq�ei omo�wc kai gia th diadikas�a thc susq�tishc. Periss�tera gia thn kuklik�sun�lixh kai susq�tish d�nontai ap� touc [7], [8], [58].H an�lush diakrit�n dedom�nwn sto ped�o bar�thtac epitagq�netai me th qr�sh twn me-tasqhmatism�n Fourier kai idia�tera me thn efarmog� tou taq�wc algor�jmou (Fast FourierTransform { FFT) [8]. Idia�terh prosoq� pr�pei na doje� sthn efarmog� twn algor�jmwnstouc hlektroniko�c upologist�c. Probl�mata, �pwc h qr�sh twn kumatik�n arijm�n(wavenumbers), h j�sh tou sust�matoc anafor�c, oi idi�thtec twn sunart�sewn pou pol-laplasi�zontai kai ta epipl�on sf�lmata parapo�hshc pou eis�gontai ap� th dom� twn pro-gramm�twn upologismo� �qoun melethje� ap� touc [77], [45], [75] kai [73], oi opo�oi �qounprote�nei kai tic kat�llhlec l�seic gia thn antimet�pis� touc.



KEFALAIO 2 472.6.2 Ep�pedec prosegg�seic sto ped�o bar�thtac me FFTO metasqhmatism�c Fourier qrhsimopoie�tai gia thn ep�lush twn suneliktik�n oloklhrwm�-twn pou sund�oun tic di�forec param�trouc tou ped�ou bar�thtac. T�so h sq�sh prosdiori-smo� tou geweido�c ap� anwmal�ec bar�thtac (ex�swsh tou Stokes), oi sq�seic upologismo�twn apokl�sewn thc katakor�fou (exis�seic Vening-Meinesz), �so kai oi sq�seic upologi-smo� �meswn kai �mmeswn topografik�n diorj�sewn mporo�n na metatrapo�n se sq�seicsuneliktik�n oloklhrwm�twn.Uiojet�ntac thn ep�pedh pros�ggish thc g�inhc epif�neiac, g�netai h up�jesh miac efa-ptomenik�c epif�neiac sto shme�o upologismo�. Qrhsimopoi�ntac kartesian�c suntetagm�-nec oi apoq�c geweido�c d�nontai ap� th sq�sh [107], [93]:N(xP ; yP ) = 12�
 ZEZ �g(x; y) 1[(xP � x)2 + (yP � y)2]1=2 dxdy; (2.113)�pou N(xP ; yP ) h apoq� tou geweido�c sto shme�o upologismo� P , 
 mia m�sh tim� thckanonik�c bar�thtac sthn perioq� (gia megal�terh akr�beia sto shme�o upologismo�), E toembad� thc perioq�c, �g(x; y) h anwmal�a eleuj�rou a�ra sto tr�qon shme�o, xP ; yP kai x; yoi kartesian�c suntetagm�nec tou shme�ou upologismo� kai tou tr�qontoc shme�ou. Sthnep�pedh pros�ggish qrhsimopoio�ntai oi ak�loujec paradoq�c [32], [93]:S( ) � 1sin  2 � 1 =2 = 2 (2.114) � sR (2.115)S(s) = 2Rs (2.116)d� = 1R2 dxdy (2.117)s =p(xP � x)2 + (yP � y)2 (2.118)S�mfwna me th l�sh tou sunoriako� probl�matoc pou prote�noun oi Molodensky et al. [53],oi anwmal�ec �youc d�nontai se ep�pedh pros�ggish wc ex�c:�n(xP ; yP ) = 12�
 ZEZ Gn(x; y)s dxdy n = 0; 1 (2.119)�n(xP ; yP ) = 12�
 ZEZ Gn(x; y)s dxdy� 14�
 ZEZ (hP � h)2s3 Gn�2(x; y)dxdy n � 2 (2.120)kai oi treic pr�toi �roi Gn d�nontai sth sun�qeia:G1(x; y) = 12� ZEZ hP � hs3 G0(x; y)dxdy (2.121)G2(x; y) = 12� ZEZ hP � hs3 G1(x; y)dxdy +G0(x; y) tan2 � (2.122)G3(x; y) = 12� ZEZ hP � hs3 G2(x; y)dxdy +G1(x; y) tan2 �� 34� ZEZ (hP � h)3s5 G0(x; y)dxdy (2.123)



48 TO PEDIO BARUTHTASOi exis�seic tou Vening-Meinesz sto ep�pedo prok�ptoun s�mfwna me:�(P ) = �@N(P )@y�(P ) = �@N(P )@x ;kai odhgo�n stic telik�c sq�seic:��(xP ; yP )�(xP ; yP )� = 12�
 ZEZ �g(x; y) 1s3 �yP � yxP � x� dxdy: (2.124)S�mfwna me th jewr�a tou Molodensky, oi sunist�sec thc ap�klishc thc katakor�foud�nontai se ep�pedh pros�ggish wc ex�c:� �(xP ; yP )�(xP ; yP ) � = 12�
 ZEZ Gn(x; y)s3 � yP � yxP � x � dxdy n = 0; 1 (2.125)� �(xP ; yP )�(xP ; yP ) � = 12�
 ZEZ Gn(x; y)s3 � yP � yxP � x � dxdy� 34�
 ZEZ (hP � h)2s5 � yP � yxP � x �Gn�2(x; y)dxdy n � 2 (2.126)H sq�sh upologismo� twn diorj�sewn l�gw anagl�fou se ep�pedh pros�ggish d�netai,met� ap� kat�llhlh an�ptuxh tou triplo� oloklhr�matoc upologismo� se �na sugkekrim�noep�pedo, ap� th genik� sq�sh [107], [93]:c(xP ; yP ) = G� 1Xn=1(�1)n�1an ZEZ (hP � h)2n[(xP � x)2 + (yP � y)2]2n+1 dxdy (2.127)�pou G h stajer� pagk�smiac �lxhc kai � h m�sh pukn�thta tou stereo� floio� thc Ghc.Gia to an isq�ei: an = (2n)!(2nn!)2 (2.128)H ant�stoiqh genik� sq�sh gia to an�ptugma pou prosegg�zei thn �mmesh ep�drash stauy�metra tou geweido�c e�nai [93]:�N(xP ; yP ) = ��G�
 h2P ++ G� 1Xn=1 (�1)n2n+ 1an ZEZ h2n+1 � h2n+1P[(xP � x)2 + (yP � y)2]2n+1 dxdy; (2.129)en� gia tic sunist�sec thc ap�klishc thc katakor�fou h �mmesh ep�drash d�netai ap�:� ��(xP ; yP )��(xP ; yP ) � = 2G� 1Xn=1(�1)nan ZEZ h2n+1P � h2n+1[(xP � x)2 + (yP � y)2]2(n+1) � yP � yxP � x � dxdy(2.130)Oi exis�seic Stokes kai Vening-Meinesz mporo�n na grafo�n apeuje�ac se suneliktik�morf� sto ep�pedo s�mfwna me tic:N(x; y) = 12�
�g(x; y) � lN (x; y) (2.131)��(x; y)�(x; y)� = 12�
�g(x; y) ��l�(x; y)l�(x; y)� ; (2.132)



KEFALAIO 2 49�pou ln(x; y) = (x2 + y2)�1=2 (2.133)�l�(x; y)l�(x; y)� = ��@lN (x; y)=@y@lN (x; y)=@x� = (x2 + y2)�3=2�yx� : (2.134)Antisto�qwc, akolouj�ntac th jewr�a tou Molodensky �qoume [71] [gia aplopo�hsh pa-rale�petai to �risma (x; y)]:�n = 12�
Gn � l� n = 0; 1 (2.135)�n = 12�
Gn � l�� 14�
 [h2P (Gn�2 � l3�)� 2hP ((hGn�2) � l3�) + (h2Gn�2) � l3� ] n � 2 (2.136)G0 = �g (2.137)G1 = 12� [hP (G0 � l3�)� (hG0) � l3� ] (2.138)G2 = 12� [hP (G1 � l3�)� (hG1) � l3� ] +G0[(h � dx)2 + (h � dy)2] (2.139)G3 = 12� [hP (G2 � l3�)� (hG2) � l3� ] +G1[(h � dx)2 + (h � dy)2]� 34� [h3P (G0 � l5�)� 3hP (h2G0) � l5� + 3h2P (hG0 � l5�)� (h3G0) � l5� ] (2.140)�pou l� = lN , dx kai dy e�nai oi pur�nec kat� thn oriz�ntia die�junsh kai isq�ei [71]:@f@x = fx = f � dx = F�1fFDxg (2.141)@f@y = fy = f � dy = F�1fFDyg (2.142)Akolo�jwc, oi sunist�sec thc ap�klishc thc katakor�fou parousi�zontai se suneliktik�morf�, s�mfwna me th jewr�a tou Molodensky:� �� � = 12�
Gn �� l�l� � n = 0; 1 (2.143)� �� � = 12�
Gn �� l�l� �� 34�
 [h2P �Gn�2 �� l0�l0� ��� 2hP (hGn�2) �� l0�l0� �+(h2Gn�2) �� l0�l0� �] n � 2; (2.144)�pou � l0�l0� � = (x2 + y2)�5=2� yx � : (2.145)Oi sunel�xeic twn apoq�n tou geweido�c kai twn apokl�sewn thc katakor�fou epil�ontai meth bo�jeia tou didi�statou diakrito� metasqhmatismo� wc ex�c:N(x; y) = 12�
F�1[�G(u; v)LN (u; v)]; (2.146)��(x; y)�(x; y)� = 12�
F�1��G(u; v)L�(u; v)�G(u; v)L�(u; v)� ; (2.147)



50 TO PEDIO BARUTHTAS�pou �G(u; v), LN(u; v), L�(u; v) kai L�(u; v) oi euje�c metasqhmatismo� Fourier (f�smata)twn �g(x; y), lN (x; y), l�(x; y) kai l�(x; y), ant�stoiqa, kai F�1 o telest�c tou antistr�foumetasqhmatismo�. Oi ant�stoiqec sq�seic gia ton upologism� twn anwmali�n �youc kai twnapokl�sewn thc katakor�fou s�mfwna me th l�sh tou sunoriako� probl�matoc tou Mo-lodenksy parousi�zoun saf�c poluplok�terh morf�. Oi sq�seic aut�c apodeikn�ontai kaianal�ontai ap� touc [76]. H aplopo�hsh thc morf�c twn sq�sewn aut�n odhge� sthn tro-popo�hsh thc l�shc tou Molodensky, �pwc aut� parousi�zetai ap� ton Sideris [71]. Oi n�ecexiswseic pou prok�ptoun anaf�rontai sthn l�sh thc proc ta k�tw ep�ktashc (downwardcontinuation) [55], [71].Oi sq�seic (2.146) kai (2.147) anaf�rontai sto diakrit� metasqhmatism�, en� to f�smatwn sunart�sewn pur�nwn mpore� na doje� kai analutik� (analytical spectrum), odhg�ntacstic sq�seic me analutik� �kfrash tou pur�na:N(x; y) = 12�
F�1h�G(u; v) 1(u2 + v2)1=2 i == 12�
F�1h�g(u; v)1q i (2.148)��(x; y)�(x; y)� = � 1
F�1��G(u; v)iv=(u2 + v2)1=2�G(u; v)iu=(u2 + v2)1=2� == � 1
F�1��G(u; v)iv=q�G(u; v)iu=q� : (2.149)Ton�zetai sto shme�o aut�, �ti oi sunart�seic pur�nec stic sq�seic tou Stokes kai touVening-Meinesz apeir�zontai gia x = y = 0. To pr�blhma aut� thc aprosdiorist�ac thcsun�rthshc pur�na (singularity of the kernel function) antimetwp�zetai me qwrist� upo-logism� thc sun�rthshc sto shme�o upologismo� [32], [69], me tropopo�hsh thc sun�rthshcpur�na [71], me qr�sh tou telest� tou Molodensky [72], me efarmog� kat�llhlwn metasqh-matism�n stic metablht�c [3], � me th qrhsimopo�hsh teqnik�n kanonikopo�hshc [36].H per�ptwsh twn �meswn epidr�sewn thc topograf�ac sth bar�thta kai twn �mmeswnepidr�sewn aut�c sta uy�metra tou geweido�c e�nai pio per�plokh, afo� se pr�th je�rhsh,ta oloklhr�mata den e�nai se suneliktik� morf�. Ta tripl� oloklhr�mata, ap� thn ep�lushtwn opo�wn pro�ljan ta dipl� oloklhr�mata, e�nai se suneliktik� morf� kai e�nai dunat� naepilujo�n me th qr�sh tridi�statou metasqhmatismo� Fourier [62]. Sthn ep�pedh pros�ggishh an�lush twn dipl�n oloklhrwm�twn e�nai apara�thth gia thn morfopo�hsh dipl�n su-nel�xewn. H epexergas�a d�netai ap� touc [77], [93] kai h telik� morf� twn tri�n pr�twn�rwn sthn ep�pedh pros�ggish d�netai wc ex�c [77], [93], [45], [75], [44], [96]:c(xP ; yP ) = c1 + c2 + c3 + � � � (2.150)c1 = 12G�hF�1fH2 � L3g � 2hPF�1fH � L3g+h2PL3(0; 0)ic2 = �38G�hF�1fH4 � L5g � 4hPF�1fH3 � L5g+6h2PF�1fH2 � L5g � 4h3PF�1fH � L5g+h4PL5(0; 0)ic3 = 516G�hF�1fH6 � L7g � 6hPF�1fH5 � L5g+15h2PF�1fH4 � L7g � 20h3PF�1fH3 � L7g+15h4PF�1fH2 � L7g � 6h5PF�1fH � L7g+h6PL7(0; 0)i; (2.151)



KEFALAIO 2 51�pou me H kai L sumbol�zontai oi euje�c metasqhmatismo� twn h kai l, ant�stoiqa, en� oarijm�c pou akolouje� anaf�retai ston ekj�th twn sunart�sewn. H pro�p�jesh gia thnan�ptuxh twn diorj�sewn l�gw anagl�fou se seir� e�nai (�h=l)2 � 1 kai epom�nwc hs�gklish thc seir�c exart�tai kur�wc ap� tic kl�seic tou ed�fouc sth geitoni� tou shme�ouupologismo�. S�mfwna me touc Klose and Ilk [36], h kl�sh twn topografik�n maz�n denpr�pei na xepern� tic 45�. H apa�thsh aut� profan�c den e�nai p�ntote efikt�. O Tsou-lis [92] kai oi Tziavos and Andritsanos [96] �legxan th s�gklish thc seir�c gia d�o dia-foretik�c perioq�c twn 'Alpewn (German�a kai Austr�a) kai parous�asan ta probl�matapou dhmiourgo�ntai stouc �rouc an�terhc t�xhc thc di�rjwshc l�gw anagl�fou, l�gw thcmeg�lhc kl�shc tou ed�fouc kai thc qr�shc meg�lhc diakritik�c ikan�thtac DTM. Gia thnantimet�pish tou probl�matoc auto� prote�netai h efarmog� mej�dwn kanonikopo�hshc [36]kai mia tropopoihm�nh m�jodoc upologismo�, h opo�a sundu�zetai me arijmhtik� olokl�rwshse mia eswterik� z�nh kai th qr�sh twn metasqhmatism�n Fourier sthn exwterik� perioq�[92], [96]. O Li [45], oi Li and Sideris [46] kai oi Tziavos et al. [100] parous�asan tic tropo-poihm�nec sq�seic gia ton upologism� twn diorj�sewn l�gw anagl�fou, me thn qr�sh d�odiaforetik�n mont�lwn gia tic topografik�c m�zec (mont�lo apl�c gramm�c kai pr�smatoc �mass-line, mass-prism representation) kai thn eisagwg� miac n�ac param�trou gia thn belti-stopo�hsh thc taq�thtac s�gklishc thc seir�c. To pr�blhma thc taq�thtac thc s�gklishckai thc apotuq�ac thc s�gklishc thc seir�c, �tan upolog�zontai oi topografik�c diorj�seicse jal�ssiec perioq�c, oi opo�ec kal�ptontai kai ap� plhj�ra nhsi�n antimetwp�sthke ap�ton Parker [59] me to diaqwrism� thc perioq�c upologismo� kai th qr�sh poluwn�mwn Cheb-ychev gia thn epit�gqunsh thc s�gklishc. H �dia teqnik�, elafr�c tropopoihm�nh, mpore�na efarmoste� kai se hpeirwtik�c perioq�c [60].H �mmesh ep�drash sta uy�metra tou geweido�c, �tan gia tic anagwg�c qrhsimopoie�taio de�teroc n�moc sump�knwshc tou Helmert, mpore� na epiluje� m�sw tou didi�statou meta-sqhmatismo� Fourier se ep�pedh pros�ggish wc ex�c [70]:Nh = ��G�
 h2P + �G��x�y6
 h3PF�1nFn1soFn1oo��G��x�y6
 F�1nFn1soFnh3Poo (2.152)2.6.3 Sfairik�c prosegg�seic sto ped�o bar�thtac me FFTOi ep�pedec prosegg�seic pou anaf�rjhkan, an kai odhgo�n se akrib� apotel�smata, wst�soemperi�qoun exarq�c thn ep�pedh paradoq�. Oi sfairik�c prosegg�seic, pou d�nontai sthnen�thta aut�, odhgo�n se apotel�smata pou de diaf�roun ap� tic epil�seic me �mesh arij-mhtik� olokl�rwsh sth sfa�ra.Oi prosegg�seic pou eis�gontai ap� thn ep�pedh l�sh elaqistopoio�ntai qrhsimopoi�ntactouc t�pouc twn ant�stoiqwn sfairik�n prosegg�sewn. H l�sh tou klasiko� probl�matocsunoriak�n tim�n tou ped�ou bar�thtac ekfr�zetai se gewgrafik�c suntetagm�nec wc ex�c[80]: N(�P ; �P ) = R4�
 Z�Q Z�Q �g(�Q; �Q)S( PQ) cos�P d�Qd�Q; (2.153)�pou P to shme�o upologismo� kai Q to tr�qon shme�o, S e�nai h sun�rthsh pur�nac sesfairik�c suntetagm�nec, h opo�a onom�zetai kai sun�rthsh tou Stokes kai  e�nai h sfairik�ap�stash an�mesa sto shme�o upologismo� kai sto tr�qon shme�o. H sun�rthsh tou Stokesmpore� na grafe� wc ex�c:S( PQ) = 1s � 4� 6s+ 10s2 � (3� 6s2) ln(s+ s2); (2.154)s = sin� PQ2 �



52 TO PEDIO BARUTHTASH an�lush tou oloklhr�matoc tou Vening-Meinesz gia ton upologism� twn apokl�sewn thckatakor�fou se sfairik� pros�ggish d�netai ap� thn ex�swsh [32]:��P�P� = 14�
 Z�Z �g(�Q; �Q)V ( PQ)�cos�PQsin�PQ� cos�Qd�Qd�Q; (2.155)�pou � to embad� thc sfairik�c epif�neiac, V h sun�rthsh pur�nac sth sfairik� pros�ggish,h opo�a onom�zetai kai sun�rthsh tou Vening-Meinesz, � to azimo�jio metax� twn shme�wnP kai Q. H sun�rthsh tou Vening-Meinesz d�netai ap� th sq�sh [32]:V ( PQ) = sin PQS0( PQ) (2.156)S0( ) = S0(s) = 8� 3s � 14s3 � 34s2(1 + s) + 3 ln(s+ s2) (2.157)H ex�swsh (2.153), met� ap� k�poiec tropopoi�seic ston upologism� thc sfairik�c ap�sta-shc, oi opo�ec anaf�rontai leptomer�c ap� touc [80], [28], gr�fetai se suneliktik� morf�didi�statou metasqhmatismo� wc ex�c:N(�P ; �P ) = R����4�
 [S( PQ) ��g cos�] == R����4�
 F�1nFfS( PQ)gFf�g(�Q; �Q) cos�Qgo (2.158)H parap�nw basik� sq�sh gia thn an�ptuxh thc sfairik�c pros�ggishc tou metasqhmatismo�Fourier parousi�zetai me poll�c parallag�c, an�loga me thn pros�ggish pou d�netai sto upo-logism� thc sfairik�c ap�stashc. H arqik� je�rhsh tou didi�statou sfairiko� metasqhma-tismo� parousi�zei akrib� apotel�smata m�no ston par�llhlo tou m�sou pl�touc [80], [28],[93], [94]. Oi Forsberg and Sideris �deixan �ti h sun�rthsh tou Stokes e�nai dunat� na luje�epakrib�c kat� m�koc en�c sugkekrim�nou parall�lou kai to gegon�c aut� apot�lese thb�sh gia thn an�ptuxh thc sfairik�c pros�ggishc pollapl�n zwn�n (multi-band sphe-rical FFT) [20]. S�mfwna me th m�jodo aut�, h perioq� mel�thc qwr�zetai se isopar�llhlecz�nec, oi opo�ec epekte�nontai ap� to b�reio m�qri to n�tio m�roc. Me thn teqnik� aut�n, mias�njeth l�sh mpore� na epiteuqje� m�sw grammik�c parembol�c qwr�c thn qrhsimopo�hsh toum�sou pl�touc ol�klhrhc thc perioq�c [20]. Mia �llh parallag� tou sfairiko� metasqhma-tismo� d�jhke ap� touc Haagmans et al [28]. K�nontac qr�sh twn idiot�twn tou didi�statoumetasqhmatismo� kat�feran na d�soun akribe�c apoq�c tou geweido�c se �la ta shme�a kat�m�koc tou parall�lou m�sou pl�touc. Qrhsimopoi�ntac thn parap�nw idi�thta kai to pro-sjetik� je�rhma twn FFT kat�feran na epil�soun me akr�beia to diakrit� olokl�rwma touStokes se k�je xeqwrist� par�llhlo, m�sw tou monodi�statou metasqhmatismo� Fourier.Isq�ei [28]:N(�P ; �P ) = R����4�
 F�11 n �nX�Q=�1F1fS( PQ)gF1f�g(�Q; �Q) cos�Qgo; (2.159)�pou me F1 sumbol�zetai o telest�c tou monodi�statou metasqhmatismo� Fourier. Ap� thnex�swsh (2.159) upolog�zontai akribe�c apoq�c tou geweido�c kai ta apotel�smata e�nai �diame aut� pou prok�ptoun ap� thn �mesh arijmhtik� olokl�rwsh sth sfa�ra.Met� ap� arijmhtik�c aplopoi�seic sth sun�rthsh tou Vening-Meinesz [44], oi exis�seicgia twn upologism� twn apokl�sewn thc katakor�fou mporo�n na grafo�n wc didi�statecsunel�xeic sth sfa�ra s�mfwna me [44]:��(�P ; �P )�(�P ; �P )� = 14�
 Z�Z �g(�Q; �Q)�cos�Qcos2 �Q�S0(�m;��PQ;��PQ) ��SC(�m;��PQ;��PQ)sin��PQ � d�Qd�Q; (2.160)



KEFALAIO 2 53�pou �m = (�P + �Q)=2 kai [44]SC(�m;��PQ;��PQ) = sin PQ cos�PQ = (2.161)= sin 2�m sin2 ��PQ2 � sin��PQ cos2 ��PQ2s2(�m;��PQ;��PQ) = sin2  PQ2 = sin2 ��PQ2 + sin2 ��PQ2 �� � cos2 �m � sin2 ��PQ2 � (2.162)Ta didi�stata suneliktik� oloklhr�mata epil�ontai me th bo�jeia didi�statou metasqhma-tismo� sth sfa�ra wc ex�c [44]:��(�P ; �P )�(�P ; �P )� = ��PQ��PQ4�
 � (2.163)F�1�Ff�g(�Q; �Q) cos�QgFfS0(�m;��PQ;��PQ)SC(�m;��PQ��PQ)gFf�g(�Q; �Q) cos2 �QgFfS0(�m;��PQ;��PQ) sin(��PQ)g � :To sf�lma pou eis�getai sthn teleuta�a sq�sh exait�ac thc qrhsimopo�hshc tou m�soupl�touc �m elaqistopoie�tai me thn efarmog� thc teqnik�c pollapl�n zwn�n se sfairik�pros�ggish [20].Akolouj�ntac ant�stoiqh mejodolog�a me thn an�ptuxh twn apoq�n tou geweido�c m�swmonodi�statou metasqhmatismo�, oi sq�seic gia tic apokl�seic thc katakor�fou d�nontai ap�tic sq�seic [44], [95]:��(�P ; �P )�(�P ; �P )� = ��PQ��PQ4�
 � (2.164)�nX�Q=�1F�11 (F1(�g(�Q; �Q) cos�PQ �F1fV (�P ; �Q;��PQ) cos�PQgF1fV (�P ; �Q;��PQ) sin�PQg�):O �mesoc upologism�c twn hmit�nwn kai sunhmit�nwn thc (2.164) mpore� na apofeuqje� mekat�llhlec majhmatik�c sq�seic sfairik�c trigwnometr�ac [44] kai oi telik�c sq�seic �qounth morf�: ��(�P ; �P )�(�P ; �P )� = ��PQ��PQ4�
 �nX�Q=�1F�11 (F1(�g(�Q; �Q) cos�PQ� �F1fS0(�P ; �Q;��PQ)SC(�P ; �Q;��PQ)gF1fS0(�P ; �Q;��PQ) cos�Q sin��PQg �); (2.165)�pou s2(�P ; �Q;��PQ) = sin2  PQ2 = sin2 �P � �Q2 + sin2 �P � �Q2� � cos2 �P + �Q2 � sin2 �P � �Q2 �: (2.166)kai SC(�P ; �Q;��PQ) = sin(�P + �Q) sin2 12(�P � �Q)� sin(�P � �Q) cos2 12(�P � �Q): (2.167)Sthn per�ptwsh twn diorj�sewn l�gw anagl�fou, h ap�stash metax� tou shme�ou upo-logismo� P kai tou tr�qontoc shme�ou Q mpore� na ekfraste� wc [96]:r=[(R+ hP )2 + (R + hQ)2 � 2(R+ hP )(R + hQ) cos PQ] 12 ; (2.168)



54 TO PEDIO BARUTHTAS�pou R h m�sh akt�na thc Ghc. Sthn parap�nw sq�sh e�nai dunat� na antikatastajo�n tahP kai hQ me to m�so uy�metro thc perioq�c hm. T�te h r mpore� na grafe� proseggistik�wc: r = 2(R+ hm) sin  PQ2 : (2.169)Qrhsimopoi�ntac thn (2.169) oi d�o pr�toi �roi thc di�rjwshc l�gw anagl�fou d�nontai sesfairik� pros�ggish ap� th sq�sh [44], [96]:c(xP ; yP ) = G�16(R+ hm) Z�Z �h2sin3  PQ2 cos�Qd�d�� 3G�256(R+ hm)3 Z�Z �h4sin5  PQ2 cos�Qd�Qd�Q: (2.170)H sq�sh (2.170) mpore� na tropopoihje� se didi�stath suneliktik� morf� sth sfa�ra kai naepiluje� qrhsimopoi�ntac to didi�stato metasqhmatism� Fourier wc ex�c [95]:c1(xP ; yP ) = �1F�1fFfh2Q cos�QgFfs�3(�m;��PQ;��PQ)gg+�1h2PF�1fFfcos�QgFfs�3(�m;��PQ;��PQ)gg (2.171)�2�1hPF�1fFfhQ cos�QgFfs�3(�m;��PQ;��PQ)ggc2(xP ; yP ) = �2F�1fFfh4Q cos�QgFfs�5(�m;��PQ;��PQ)gg�4�2hPF�1fFfh3Q cos�QgFfs�5(�m;��PQ;��PQ)gg+6�2h2PF�1fFfh2Q cos�QgFfs�5(�m;��PQ;��PQ)gg (2.172)�4�2h3PF�1fFfhQ cos�QgFfs�5(�m;��PQ;��PQ)gg+�2h4PF�1fFfcos�QgFfs�5(�m;��PQ;��PQ)gg�pou �1 = G���PQ��PQ16(R+ hm) kai �2 = �3G���PQ��PQ256(R+ hm)3 .Oi Haagmans et al. [28] qrhsimopoi�ntac thn idi�thta tou akribo�c upologismo� toumetasqhmatismo� kat� m�koc en�c parall�lou eis�gagan th monodi�stath teqnik� meta-sqhmatismo�. H efarmog� tou monodi�statou metasqhmatismo� isq�ei kai stic sq�seicupologismo� thc di�rjwshc l�gw anagl�fou. Sth sun�qeia parousi�zontai oi d�o pr�toi�roi thc seir�c [96]:c1(xP ; yP )=�1 �nX�Q=�1 F�11 fF1fh2Q cos�QgF1fs�3(�P ; �Q;��PQ)gg+�1h2P �nX�Q=�1F�11 fF1fcos�QgF1fs�3(�P ; �Q;��PQ)gg (2.173)�2�1hP �nX�Q=�1 F�11 fF1fhQ cos�QgF1fs�3(�P ; �Q;��PQ)ggc2(xP ; yP )=�2 �nX�Q=�1F�11 fF1fh4Q cos�QgF1fs�5(�P ; �Q;��PQ)gg�4�2hP �nX�Q=�1F�11 fF1fh3Q cos�QgF1fs�5(�P ; �Q;��PQ)gg



KEFALAIO 2 55+6�2h2P �nX�Q=�1F�11 fF1fh2Q cos�QgF1fs�5(�P ; �Q;��PQ)gg (2.174)�4�2h3P �nX�Q=�1F�11 fF1fhQ cos�QgF1fs�5(�P ; �Q;��PQ)gg+�2h4P �nX�Q=�1F�11 fF1fcos�QgF1fs�5(�P ; �Q;��PQ)ggArijmhtik�c efarmog�c kai apotel�smata twn sfairik�n prosegg�sewn twn seir�n thc di-�rjwshc l�gw anagl�fou d�nontai ap� touc Tziavos and Andritsanos [96].2.7 Sunart�seic pukn�thtac f�smatoc'Opwc e�nai gnwst�, h sun�rthsh pukn�thtac f�smatoc (power spectral density) or�zetaiwc o euj�c metasqhmatism�c Fourier thc sun�rthshc susq�tishc. Epom�nwc, �pwc e�nailogik�, oi tr�poi prosdiorismo� thc sun�rthshc pukn�thtac sqet�zontai, �mmesa � �mesa,me th susq�tish twn dedom�nwn.H jewr�a thc ekt�mhshc asqole�tai me to b�ltisto prosdiorism� twn zhto�menwn po-sot�twn b�sei k�poiou krithr�ou elaqistopo�hshc twn sfalm�twn. H akr�beia thc ekt�mhshcmpore� na perigrafe� katarq�n ap� to m�so tetragwnik� sf�lma (mean square error) thcekt�mhshc m = E[(�̂� �)2]; (2.175)�pou m e�nai to m�so tetragwnik� sf�lma thc ekt�mhshc �̂ thc pos�thtac �. To m�sotetragwnik� sf�lma e�nai to �jroisma d�o �rwn: o pr�toc �roc onom�zetai metablht�thta(variance - �2) kai antiproswpe�ei to tuqa�o m�roc tou sf�lmatoc�2[�̂] = E[(�̂�E[�̂])2] = E[�̂2]�E2[�̂]: (2.176)O de�teroc �roc e�nai to tetr�gwno thc diafor�c st�jmhc (bias - b) kai perigr�fei tosusthmatik� m�roc tou sf�lmatocb2[�̂] = E[(E[�̂]� �)2]: (2.177)Epom�nwc, parale�pontac touc �rouc thc ekt�mhshc, isq�eirms2 = �2 + b2; (2.178)�pou rms e�nai h tetragwnik� r�za tou m�sou tetragwniko� sf�lmatoc (root mean square).2.7.1 Ektim�seic twn sunart�sewn susq�tishc'Estw oi diakrit�c metr�seic x[i; j] en�c didi�statou ergodiko� ped�ou. H sun�rthsh auto-susq�tishc d�netai ap� th sq�shrxx[k; l] = Efx[i+ k; j + l]x�[i; j]g; (2.179)�pou me � sumbol�zetai o suzug�c migadik�c. H parap�nw sun�rthsh span�wc e�nai apol�twcgnwst� kai gia to l�go aut� prosdior�zetai ap� ta dedom�na. 'Estw �ti N, M e�nai tadeigmatik� diast�mata twn dedom�nwn x[i; j], ta opo�a lamb�noun tim�c ap� (i; j) = (0; 0)



56 TO PEDIO BARUTHTAS�wc (i; j) = (N � 1;M � 1). T�te mia ekt�mhsh thc sun�rthshc auto-susq�tishc mpore� nadoje� ap� th sq�sh:r̂xx[k; l] = 1(N � k)Tk 1(M � l)Tl N�k�1Xi=0 M�l�1Xj=0 x[j + k; j + l]x�[i; j]TkTl= 1N � k 1M � l N�k�1Xi=0 M�l�1Xj=0 x[i+ k; j + l]x�[i; j]: (2.180)H ekt�mhsh thc diakrit�c seir�c r̂xx[k; l] e�nai m�a anephr�asth (unbiased) ekt�mhsh thcpragmatik�c sun�rthshc susq�tishc, giat� isq�eiEfr̂xx[k; l]g = 1N � k 1M � l N�k�1Xi=0 M�l�1Xj=0 Efx[i+ k; j + l]x�[i; j]g = rxx[k; l] (2.181)H metablht�thta thc ekt�mhshc thc auto-susq�tishc miac stoqastik�c diadikas�ac pou ako-louje� thn kanonik� katanom� wc sun�rthsh tou arijmo� twn deigmatik�n tim�n apodeikn�-etai �ti te�nei proc to mhd�n �tan to pl�joc twn deigmatik�n tim�n N;M aux�nei [35]. Aut�shma�nei �ti h ekt�mhsh r̂xx[k; l] e�nai statistik� sunep�c ston prosdiorism� thc sun�rthshcauto-susq�tishc diakrit�n dedom�nwn.'Enac �lloc ektimht�c auto-susq�tishc mpore� na doje� ap� [49]�rxx[k; l] = 1N 1M N�k�1Xi=0 M�l�1Xj=0 x[i+ k; j + l]x�[i; j] (2.182)O parap�nw ektimht�c diaf�rei ap� ton arqik� m�no kat� ton par�gonta kanonikopo�hshc�rxx[k; l] = N � kN M � lM r̂xx[k; l] (2.183)H ekt�mhsh thc auto-susq�tishc pou prosdior�zetai e�nai ephreasm�nh (biased) di�ti isq�ei:Ef�rxx[k; l]g = �1� kN ��1� lM �rxx[k; l]: (2.184)'Omwc h 2.184 te�nei asumptwtik� se anephr�asth ekt�mhsh, kaj�c aux�nontai oi deigmatik�ctim�c (N;M !1). Pr�pei ak�ma na shmeiwje� �ti h metablht�thta thc ekt�mhshc te�nei stomhd�n, �tan oi deigmatik�c tim�c aux�noun. Stic sun�jeic efarmog�c to m�so tetragwnik�sf�lma e�nai megal�tero gia thn ekt�mhsh r̂xx[k; l] ap� to sf�lma thc ekt�mhshc �rxx[k; l].Ep�shc, h anephr�asth ekt�mhsh mpore� na odhg�sei se sunart�seic auto-susq�tishc pou namhn ikanopoio�n tic basik�c idi�thtec thc susq�tishc [49]. T�loc, h anephr�asth ekt�mhshmpore� na odhg�sei se p�nakec auto-susq�tishc d�qwc l�sh gia orism�nec ap� tic exis�seic.Gia touc parap�nw l�gouc, h ephreasm�nh ekt�mhsh suqn� protim�tai stic sun�jeic efar-mog�c. 'Opwc anaf�rjhke kai sto prohgo�meno kef�laio, ta ajro�smata stic parap�nwexis�seic e�nai dunat� na antikatastajo�n me grammik�c sunel�xeic kai na metatrapo�n seapl�c sq�seic pollaplasiasmo� sto q�ro twn suqnot�twn. Omo�wc, h ephreasm�nh ekt�mhshthc sun�rthshc dia-susq�tishc d�netai ap� mia ex�swsh thc morf�c�rxy[k; l] = 1N 1M N�k�1Xi=0 M�l�1Xj=0 x[i+ k; j + l]y�[i; j] (2.185)H ephreasm�nh ekt�mhsh thc sun�rthsh di�susq�tishc �qei par�moiec idi�thtec me thn eph-reasm�nh ekt�mhsh thc sun�rthshc auto-susq�tishc kai ta qarakthristik� thc metablht�-thtac kai thc diafor�c st�jmhc thc e�nai �dia.



KEFALAIO 2 572.7.2 Prosdiorismo� sto q�ro twn suqnot�twnH e�resh twn sunart�sewn pukn�thtac f�smatoc mpore� na pragmatopoihje� me d�o kur�wcmej�douc. Tic klasik�c � mh-parametrik�c mej�douc kai tic s�gqronec parametrik�cmej�douc.Oi mh-parametrik�c m�jodoi sthr�zontai sthn efarmog� twn algor�jmwn FFT, me touc�poiouc periorismo�c kai tic �poiec paradoq�c auto� apaito�n stouc upologismo�c. To ba-sik�tero meion�kthma thc efarmog�c twn metasqhmatism�n e�nai o periodik�c qarakt�racpou apod�detai se diakrit� seir� periorism�nwn dedom�nwn. Oi m�jodoi pou sthr�zontai sthnefarmog� twn metasqhmatism�n Fourier e�nai parade�gmata {mh-parametrik�n} mej�dwnsthn epexergas�a twn shm�twn, giat� upoj�toun perigraf�c mh-parametrik�n mont�lwn giato s�ma kai to j�rubo [64]. An kai fa�netai pio epijumht� h mh qrhsimopo�hsh paradoq�ngia th dom� kai ta qarakthristik� twn dedom�nwn, to pleon�kthma twn klasik�n mej�dwnantistajm�zetai ap� touc periorismo�c twn mej�dwn.Oi parametrik�c m�jodoi prosdiorismo� prosf�roun ta parak�tw pleonekt�mata [64]:� Ta dedom�na anal�ontai wc �qoun, d�qwc tic paradoq�c thc aperi�risthc �ktashc � thc�parxhc miac periodik�c �kfras�c touc.� Ta diast�mata empistos�nhc kai oi ektim�seic twn sfalm�twn anaf�rontai sto s�nolotwn apotelesm�twn, apod�dontac austhr� statistik� sumperifor� kai th dunat�thtathc apodoq�c � thc ap�rriyhc thc isq�oc twn mhdenik�n upoj�sewn kai twn mont�lwnaut�n kajaut�n.� Isq�ei o sunduasm�c fusik�n kai dunamik�n plhrofori�n kai h dunat�thta taut�qro-nhc antimet�pishc eterogen�n dedom�nwn.� Oi m�jodoi prosarm�zontai sta qarakthristik� twn dedom�nwn pou anal�ontai kaimporo�n na enswmat�soun ek twn prot�rwn plhrofor�a gia to s�ma kai to j�rubo.Akolouje� h analutik� perigraf� twn mej�dwn prosdiorismo� thc sun�rthshc pukn�thtacf�smatoc.2.7.3 Mh-parametrik�c m�jodoiOi mh-parametrik�c m�jodoi qrhsimopoio�n gia thn an�lush touc FFT. H kathgor�a aut�diakr�netai se d�o epim�rouc mej�douc prosdiorismo�: Thn �mesh m�jodo �, �pwc onom�zetaisth bibliograf�a, periodogram kai thn �mmesh m�jodo prosdiorismo� � correlogram. H�mesh m�jodoc efarm�zetai kateuje�an sta dedom�na kai odhge� sthn ekt�mhsh thc sun�r-thshc pukn�thtac f�smatoc, en� me thn �mmesh m�jodo pragmatopoie�tai katarq�n miaekt�mhsh thc sun�rthshc susq�tishc kai sth sun�qeia me thn kat�llhlh efarmog� FFTektim�tai h sun�rthsh pukn�thtac f�smatoc. H efarmog� twn FFT se dedom�na mh pe-riodik�c f�shc eis�gei tic gnwst�c parapoi�seic (spectal leakage) sta �kra tou ped�ou.H antimet�pish tou parap�nw fainom�nou pragmatopoie�tai, �pwc proanaf�rjhke, me thnefarmog� kat�llhlwn sunart�sewn-paraj�rwn [49], [77] � thn efarmog� thc prosj�khc mh-denik�n tim�n sta �kra tou ped�ou (zero-padding) [45].'Amesh m�jodoc prosdiorismo�H �mesh m�jodoc prosdiorismo� bas�zetai sthn apeuje�ac efarmog� twn metasqhmatism�nFourier sta dedom�na. 'Estw x[i; j] ta diakrit� dedom�na en�c ergodiko� ped�ou. T�te hsun�rthsh pukn�thtac f�smatoc mpore� na doje� ap� [49]Pxx(k; l)=M!1limN!1E( 1(2N + 1)(2M + 1)TkTl �����TkTl NXi=�N MXj=�Mx[i; j]e�j2�[kiTk+ljTl]�����2) (2.186)



58 TO PEDIO BARUTHTASO parap�nw orism�c thc sun�rthshc pukn�thtac f�smatoc diaf�rei ap� touc klasiko�c ori-smo�c sthn eisagwg� twn deigmatik�n diasthm�twn Tk; Tl kai prin ap� ta ajro�smata kaiston ekjetik� �ro. S�mfwna me ton Sailor [64], h diafor� aut� den e�nai shmantik�. H(2.186) par�qei th dunat�thta enswm�twshc thc ex�rthshc ap� ta deigmatik� diast�mataston orism� tou metasqhmatismo�. To gegon�c aut� elaqistopoie� thn pijan�thta upologi-stiko� l�jouc l�gw asumbat�thtac mon�dwn [64]. An sthn (2.186) jewr�soume to diakrit�s�nolo twn x[i; j], �pou i = 0; 1; : : : ; N � 1j = 0; 1; : : : ;M � 1dhlad� de�gmata N kai M dedom�nwn ant�stoiqa, t�te lamb�noumePxx(k; l) = TkTlNM fX [k; l]X�[k; l]g; (2.187)�pou me X [k; l] sumbol�zetai o euj�c metasqhmatism�c Fourier twn diakrit�n dedom�nwnx[i; j] kai me X�[k; l] o suzug�c migadik�c touX [k; l]. H (2.187) diaf�rei ap� thn (2.186) sthnapous�a tou telest� thc prosdok�ac kai onom�zetai deigmatik� f�sma (sample spectrum).H (2.187) upolog�zetai kateuje�an ap� ta diakrit� dedom�na kai apotele� thn aujentik�amet�blhth ekt�mhsh thc sun�rthshc pukn�thtac f�smatoc. 'Eqei apodeiqje� [2], [49] �ti hparap�nw ekt�mhsh e�nai statistik� astaj�c (inconsistent) l�gw thc apous�ac tou telest�thc prosdok�ac. Gia to l�go aut� �qoun anaptuqje� m�jodoi gia mia diadikas�a {yeudo-efarmog�c} m�sou �rou gia thn omalopo�hsh thc ekt�mhshc [49].'Emmesh m�jodoc prosdiorismo�H de�terh m�jodoc prosdiorismo� twn sunart�sewn pukn�thtac f�smatoc sthr�zetai sthgnwst� idi�thta thc sun�rthshc susq�tishc. E�nai gnwst� �ti o metasqhmatism�c thcsun�rthshc susq�tishc odhge� sth sun�rthsh pukn�thtac f�smatoc. Sthn per�ptwsh sto-qastik�n dedom�nwn mhdenik�c m�shc tim�c, h sun�rthsh susq�tishc iso�tai me th sun�rthshsummetablht�thtac twn dedom�nwn. Epom�nwc, �tan e�nai gnwst� h sun�rthsh summe-tablht�thtac prosdior�zetai h fasmatik� sun�rthsh tou de�gmatoc. To apot�lesma poulamb�netai sqet�zetai �mesa me to e�doc thc ekt�mhshc thc sun�rthshc susq�tishc pouqrhsimopoie�tai. Mpore� na qrhsimopoihjo�n kai oi d�o ektim�seic (anephr�asth kai eph-reasm�nh) thc sun�rthshc susq�tishc. Kai oi d�o �mwc odhgo�n se ephreasm�nec ektim�seictwn sunart�sewn pukn�thtac f�smatoc. Sthn per�ptwsh pou qrhsimopoie�tai h sun�rthshsummetablht�thtac, isq�ei [43]: P̂xx[m;n] = FfĈxx[k; l]g (2.188)Sthn per�ptwsh aut�, h efarmog� twn metasqhmatism�n Fourier eis�gei parapoi�seic sta�kra, oi opo�ec antimetwp�zontai me th qr�sh kat�llhlwn sunart�sewn paraj�rwn-f�ltrwn� me th qr�sh thc teqnik�c tou zero-padding. Apot�lesma thc efarmog�c twn metasqhma-tism�n Fourier stic sunart�seic susq�tishc (� summetablht�thtac) e�nai o prosdiorism�cisotropik�n sunart�sewn pukn�thtac f�smatoc [43], [101].2.7.4 Parametrik�c m�jodoiEkt�c ap� tic mh-parametrik�c mej�douc prosdiorismo� thc sun�rthshc pukn�thtac f�sma-toc up�rqoun kai oi m�jodoi pou perigr�foun parametrik� tic statistik�c pos�thtec de�terhct�xhc me thn paradoq� mont�lwn stoqastik�n diadikasi�n. H sun�rthsh pukn�thtac f�sma-toc, pou upolog�zetai me th bo�jeia parametrik�n mont�lwn, exart�tai �mesa ap� thn epilog�tou mont�lou, ap� to bajm� an�ptux�c tou kai profan�c ap� to e�doc twn dedom�nwn pou pe-rigr�fei. Ta parametrik� mont�la pou perigr�fontai sqet�zontai me stoqastik�c diadikas�ec



KEFALAIO 2 59leuko� jor�bou (white noise processes) kai anaf�rontai sta mont�la auto-palindr�mhshc(autoregressive models { AR) kai sta mont�la auto-palindr�mhshc kinhto� m�sou �rou(autoregressive -moving average models { ARMA).H diadikas�a prosdiorismo� thc sun�rthshc pukn�thtac f�smatoc me th bo�jeia para-metrik�n mont�lwn mpore� na diakrije� se tr�a st�dia:1. Epil�getai �nac t�poc parametriko� mont�lou gia thn anapar�stash twn dedom�nwn.H epilog� sthr�zetai sun�jwc se krit�ria axi�pisthc anapar�stashc tou ped�ou twntim�n kai sqet�zetai se meg�lo bajm� me thn empeir�a tou qr�sth tou mont�lou. To k�jemont�lo pou epil�getai antiproswpe�ei kai thn ek twn prwt�rwn gn�sh tou qr�sth giath morf� tou f�smatoc. Sthn per�ptwsh pou epil�getai �na AR mont�lo, t�te h upolo-giz�menh sun�rthsh pukn�thtac f�smatoc parousi�zei ap�tomec koruf�c kai el�qistako�la tm�mata, en� sthn per�ptwsh en�c MA mont�lou ta ko�la thc sun�rthshc e�nai�ntona kai oi koruf�c omal�c. 'Ena mont�lo t�pou ARMA mpore� se genik�c gramm�cna perigr�yei kai tic d�o katast�seic.2. Prosdior�zetai o b�ltistoc bajm�c an�ptuxhc tou mont�lou. Ta krit�ria gia thn epi-log� tou bajmo� perigr�fontai sth sun�qeia.3. Oi suntelest�c tou mont�lou eis�rqontai stic ekfr�seic prosdiorismo� thc sun�rthshcpukn�thtac f�smatoc.Akolouje� h an�lush twn parametrik�n mont�lwn. Gia thn per�ptwsh monodi�statwnshm�twn oi exis�seic twn mont�lwn parousi�zontai analutik� ap� ton Marple [49]. Sthnper�ptwsh twn didi�statwn dedom�nwn, pou apotele� kai thn per�ptwsh metr�sewn tou ped�oubar�thtac, akolouje�tai h an�lush twn Cadzow and Ogino [10] kai McClellan [50]. H dia-for� sthn antimet�pish twn diaforetik�n diast�sewn �gkeitai sto gegon�c thc diaforetik�cjewr�ac twn grammik�n susthm�twn. 'Etsi, sthn per�ptwsh twn monodi�statwn dedom�nwnto s�sthma pou ta qarakthr�zei d�netai ap� thn ex�swshy[n] = nXk=�1h[n� k]x[k] (2.189)H diakrit� monodi�stath sun�rthsh ap�krishc lamb�nei tim�c mh mhdenik�c m�no sta shme�ah[0]; h[1]; : : : ; h[1]. To s�sthma aut� onom�zetai aitiak� (causal), �tan to s�ma ex�doubas�zetai se oloklhrwmatik�c sq�seic sunel�xewn, oi opo�ec perilamb�noun m�non s�mataeis�dou tou par�ntoc kai tou parelj�ntoc. H fusik� shmas�a to� sust�matoc antistoiqe�se s�mata pou apotelo�n sunart�seic tou qr�nou (qronoseir�c). Sth per�ptwsh �mwc twndidi�statwn shm�twn, ta opo�a antiproswpe�oun qwrik�c metablht�c, h sunj�kh aut� pa�eina isq�ei. Gia to l�go aut� eis�getai sth jewr�a h �nnoia thc perioq�c upost�rixhc(region of support) gia tic diakrit�c didi�statec sunart�seic ap�krishc palmo�. H perioq�upost�rixhc ikanopoie� thn apa�thsh gia �na aitiak� didi�stato s�sthma. 'Ena par�deigma,pou mpore� na parousiaste� gia thn aitiak� per�ptwsh didi�statwn susthm�twn, e�nai to �tito s�ma ex�dou ja pr�pei na upologiste� me �nan an�logo tr�po, �pwc sar�netai h thleoptik�eik�na: upologism�c gramm��gramm�, ap� ep�nw proc ta k�tw kai ap� ta arister� proc tadexi�.'Estw to ped�o twn diakrit�n dedom�nwn x[N1; N2] me diast�seic N1 kaiN2. H perigraf�tou parap�nw mont�lou me th bo�jeia en�c mont�lou ARMA bajmo� (p1; p2; q1; q2) d�netaiap� th sq�sh [10]: x[n1; n2] = q1Xk=0 q2Xm=0 bkm�[n1 � k; n2 �m]� p1Xk=0 p2Xm=0 akmx[n1 � k; n2 �m]; (2.190)



60 TO PEDIO BARUTHTAS�pou �[n1; n2] antistoiqe� se leuk� j�rubo m�shc mhdenik�c tim�c kai metablht�thtac �2,akm e�nai oi suntelest�c tou m�rouc thc auto-palindr�mhshc (AR) tou mont�lou ARMA,en� oi bkm e�nai oi suntelest�c tou mont�lou pou anaf�rontai ston kinht� m�so �ro (MA).Sthn per�ptwsh pou oi suntelest�c b e�nai �soi me to mhd�n, ekt�c ap� ton b[0; 0] = 1, t�teh per�ptwsh tou mont�lou ARMA aplopoie�tai se mont�lo AR kai isq�ei:x[n1; n2] = �[n1; n2]� p1Xk=0 p2Xm=0akmx[n1 � k; n2 �m] (2.191)Ep�meno b�ma gia tic parametrik�c mej�douc e�nai o prosdiorism�c twn suntelest�n akmkai bkm. O prosdiorism�c mpore� na pragmatopoihje�, anal�gwc twn qrhsimopoio�menwn de-dom�nwn, e�te apeuje�ac ap� to s�nolo twn dedom�nwn, e�te me thn qrhsimopo�hsh tou {dia-doqiko�} algor�jmou. S�mfwna me thn pr�th diadikas�a, to s�nolo twn dedom�nwn lamb�neim�roc sthn algorijmik� diadikas�a kai oi suntelest�c prosdior�zontai �mesa. Periss�terecplhrofor�ec d�nontai ap� ton Marple [49].O prosdiorism�c twn suntelest�n twn mont�lwn mpore� na prok�yei ap� t�sseric mej�-douc [49]:� Th m�jodo Yule-Walker, �pou o prosdiorism�c twn b�ltistwn suntelest�n e�nai �me-soc. H m�jodoc jewre�tai kat�llhlh gia periorism�no arijm� dedom�nwn kai par�geif�smata me thn el�qisth diakritik� ikan�thta ap� tic �llec mej�douc.� Thn armonik� m�jodo Burg, �pou o prosdiorism�c twn suntelest�n e�nai �mesoc.Jewre�tai sugkr�simh m�jodoc me thn m�jodo twn metablhtot�twn, �son afor� stoapot�lesma tou fasmatiko� prosdiorismo�.� Th m�jodo thc metablht�thtac, �pou oi suntelest�c prosdior�zontai �mmesa ap� �roucgrammik�c pr�gnwshc.� Th tropopoihm�nh m�jodo thc metablht�thtac, pou parousi�zei, s�mfwna me th jewr�a,ta b�ltista apotel�smata gia touc hmitonoeide�c �rouc twn dedom�nwn.'Olec oi parap�nw m�jodoi sthr�zontai sth elaqistopo�hsh k�poiwn krithr�wn gia to b�l-tisto prosdiorism� twn suntelest�n twn mont�lwn. To pio sunhjism�no krit�rio pou qrh-simopoie�tai e�nai to krit�rio twn elaq�stwn tetrag�nwn twn sfalm�twn. Periss�terecplhrofor�ec gia th jewrhtik� tekmhr�wsh twn mej�dwn d�nontai ap� ton Marple [49].Ja analuje� sth sun�qeia �nac tr�poc prosdiorismo� twn suntelest�n en�c AR mont�lou.An jewr�soume �ti h ekt�mhsh x[n1; n2] d�netai ap� [10]:x̂[n1; n2] = � p1Xk=0 p2Xm=0 akmx[n1 � k; n2 �m]; (2.192)t�te to sf�lma thc pr�gnwshc ja d�netai ap�e[n1; n2] = x[n1; n2]� x̂[n1; n2]= x[n1; n2] + p1Xk=0 p2Xm=0 akmx[n1 � k; n2 �m] (2.193)To zhto�meno e�nai h epilog� twn suntelest�n akm, �tsi �ste na odhghjo�me sthn elaqi-stopo�hsh thc sun�rthshc [10]f [a] = N1Xn1=p1+1 N2Xn2=p2+1w[n1; n2]je[n1; n2]j2; (2.194)



KEFALAIO 2 61�pou w[n1; n2] e�nai diakrit�c tim�c jetik�n sunart�sewn b�rouc. H elaqistopo�hsh thc(2.194) akolouje� touc gnwsto�c upologistiko�c tr�pouc:p1Xk=0 p2Xm=0 akmQ(k;m; i; j) = �Q(0; 0; i; j); (2.195)�pou (i:j) = (0; : : : ; p1:0; : : : ; p2), i = j 6= 0 taut�qrona kai h sun�rthsh Q(k;m; i; j) or�zetaiwc: Q(k;m; i; j) = N1Xn1=p1+1 N2Xn2=p2+1w[n1; n2]�x[n1 � k; n2 �m]x�[n1 � i; n2 � j] (2.196)H telik� sq�sh mpore� na doje� se morf� pin�kwnQa = q; (2.197)�pou a kai q e�nai dian�smata diast�sewn (p1p2 � 1) � 1 kai Q e�nai p�nakac diast�sewn(p1p2 � 1)� (p1p2 � 1).Mia �llh m�jodoc prosdiorismo� twn suntelest�n akm en�c AR mont�lou parousi�zetaiap� ton Marple [49]. H m�jodoc pou qrhsimopoie�tai sthr�zetai se epanalhptiko�c al-gor�jmouc. O pio sunhjism�noc alg�rijmoc e�nai o alg�rijmoc tou Levinson. O alg�rijmocaut�c anal�etai stic d�o diast�seic wc ex�c:ap1p2 [n1; n2] = ap1�1;p2�1[n1; n2] + kp1;p2a�p1�1;p2�1[p1 � n1; p2 � n2]; (2.198)�pou n1; n2 ta shme�a upologismo� twn suntelest�n, p1; p2 o bajm�c an�ptuxhc tou mont�louwc proc thn k�je di�stash kai kp1;p2 oi suntelest�c an�klashc (re
ection coe�cients).O prosdiorism�c twn suntelest�n an�klashc mpore� na epiteuqje� me pollo�c tr�pouc [49].Sthn sun�qeia ja parousiasto�n oi d�o eur�tera diadedom�nec m�jodoi. O gewmetrik�c kaio armonik�c alg�rijmoc.O gewmetrik�c alg�rijmocTo �mprosjen grammik� sf�lma pr�gnwshc (forward linear prediction error) d�netai sthnper�ptwsh didi�statwn dedom�nwn ap� th sq�sh:efp1;p2 [n1; n2] = x[n1; n2] + p1Xk=1 p2Xm=1 afp1;p2 [k;m]x[n1 � k; n2 �m] (2.199)kai to �pisjen grammik� sf�lma pr�gnwshc (backward linear prediction error) d�netaiap�ebp1;p2 [n1; n2] = x[n1 � p1; n2 � p2] + p1Xk=1 p2Xm=1 af�p1;p2 [k;m]x[n1 + k� p1; n2 +m� p2] (2.200)Me thn antikat�stash stic d�o teleuta�ec exis�seic thc (2.198) lamb�noume tic epanalh-ptik�c ekfr�seic:efp1;p2 [n1; n2] = efp1�1;p2�1[n1; n2] + kp1;p2ebp1�1;p2�1[n1 � 1; n2 � 1]ebp1;p2 [n1; n2] = ebp1�1;p2�1[n1 � 1; n2 � 1] + k�p1;p2ebp1�1;p2�1[n1; n2]:



62 TO PEDIO BARUTHTASAkolouj�ntac thn an�lush tou Marple [49] gia thn per�ptwsh monodi�statwn dedom�nwn, oprosdiorism�c twn suntelest�n an�klashc sthn per�ptwsh twn d�o diast�sewn d�netai ap�:k̂p1;p2 = �Pn1 Pn2 efp1�1;p2�1[n1; n2]eb�p1�1;p2�1[n1 � 1; n2 � 1] Pn1 Pn2 jefp1�1;p2�1[n1; n2]j2!1=2 Pn1 Pn2 jebp1�1;p2�1[n1 � 1; n2 � 1]j2!1=2 (2.201)Gia tic epanalhptik�c mej�douc pou anal�jhkan prohgoum�nwc, oi arqik�c tim�c tou mhdeniko�bajmo� twn sfalm�twn d�nontai sth sun�qeia:ef00[n1; n2] = eb00[n1; n2] = x[n1; n2]: (2.202)O armonik�c alg�rijmoc (Burg)H diadikas�a prosdiorismo� twn suntelest�n tou mont�louAR e�nai �moia me thn gewmetrik�m�jodo, me th diafor� �ti parousi�zetai mia diaforetik� ekt�mhsh gia touc suntelest�can�klashc, h opo�a kai sthr�zetai sto krit�rio twn elaq�stwn tetrag�nwn. H telik� tim�gia touc suntelest�c an�klashc d�nontai se didi�stath pros�ggish ap� th sq�sh:k̂p1;p2 = �2Pn1 Pn2 eb�p1;p2 [n1 � 1; n2 � 1]Pn1 Pn2 jefp1�1;p2�1[n1; n2]j2 +Pn1 Pn2 jebp1�1;p2�1[n1 � 1; n2 � 1]j2 ; (2.203)�pou ta or�smata n1 kai n2 sta ajro�smata lamb�noun tic tim�c:n1 = p1 + 1; : : : ; N1n2 = p2 + 1; : : : ; N2:Di�forec tropopoi�seic thc prohgo�menhc sq�shc �qoun anaptuqje� gia thn aplopo�hshtou upologismo� twn suntelest�n an�klashc, �so kai gia thn antimet�pish thc diafor�cst�jmhc (bias) pou fa�netai na parousi�zetai sthn per�ptwsh ekt�mhshc hmitonoeid�n su-qnot�twn. Oi diaforopoi�seic ap� ton aujentik� alg�rijmo parousi�zontai analutik� ap�ton Marple [49].Oi suntelest�c tou mont�lou prok�ptoun ap� thn efarmog� twn suntelest�n an�klashcsth sq�sh (2.198) m�qri to sugkekrim�no bajm� an�ptuxhc. Sth sun�qeia kai afo� �qounprosdioriste� oi suntelest�c tou AR mont�lou, prosdior�zetai h sun�rthsh pukn�thtacf�smatoc ap� thn ex�swsh:PAR[f1; f2] = T1T2�̂w�����1 +Pn1 Pn2 âp1;p2 [n1; n2]e�j2�[f1n1T1+f2n2T2]�����2 (2.204)Ant�stoiqh diadikas�a akolouje�tai gia ton prosdiorism� en�c ARMA mont�lou, me m�nhdiafor� thn poluplok�terh upologistik� diadikas�a, exait�ac twn periss�terwn suntelest�npou e�nai apara�thto na prosdioristo�n.2.8 Anakefala�wshSto kef�laio aut� parousi�sthkan oi genik�c arq�c an�lushc twn dedom�nwn tou ped�oubar�thtac kai d�jhkan oi jemeli�deic sq�seic s�ndeshc twn param�trwn tou. Anaf�rjhkanoi �nnoiec twn problhm�twn twn sunoriak�n tim�n kai anal�jhkan t�so oi klasik�c, �sokai oi mont�rnec l�seic touc. Ta probl�mata anaf�rontai sthn pros�ggish miac epif�neiac



KEFALAIO 2 63ap� tim�c pou br�skontai sto s�nor� thc. Oi anagwg�c twn parathro�menwn dedom�nwnsto s�noro thc epif�neiac apotelo�n shmantik� tm�ma twn jewri�n pros�ggishc. H sunei-sfor� pagk�smiwn mont�lwn lamb�netai up�yh me thn teqnik� sunduasmo� {apom�krunshc �epanafor�c}, h opo�a parousi�sthke analutik�. Anapt�qjhke ep�shc to jewrhtik� up�bajrotwn mej�dwn pros�ggishc, diaqwr�zontac to nteterministik� kai stoqastik� qarakt�ra touc.Epiple�n, parousi�sthke h eisagwg� twn fasmatik�n teqnik�n stic mej�douc prosdiorismo�,anal�ontac t�so thn ep�pedh, �so kai th sfairik� morf� touc. T�loc, kathgoriopoi�jhkanoi tr�poi pros�ggishc twn sunart�sewn pukn�thtac f�smatoc twn gewdaitik�n dedom�nwn.H an�ptuxh twn fasmatik�n teqnik�n pros�ggishc, kaj�c kai oi tr�poi e�reshc twn su-nart�sewn pukn�thtac f�smatoc apotelo�n tic basik�c �nnoiec s�ndeshc gia thn parous�ashthc jewr�ac twn susthm�twn, h opo�a anal�etai sto kef�laio 6. To kef�laio pou pa-rousi�sthke par�qei to jewrhtik� up�bajro ap� thn pleur� thc epist�mhc thc gewdais�acgia thn orj�terh katan�hsh tou kefala�ou twn n�wn mej�dwn sunduasmo�.
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Kef�laio 3H doruforik� altimetr�a3.1 Eisagwg�H �leush thc diasthmik�c epoq�c �dwse meg�lh �jhsh se pl�joc episthm�n. H dunat�thtatou anjr�pou na parathre� ta fusik� fain�mena epekt�jhke kai genike�thke me th qr�shtwn teqnht�n doruf�rwn. H {parat�rhsh} den perioriz�tan m�no sta �ria twn optik�n ika-not�twn tou anjr�pinou matio� kai h taq�thta k�luyhc ter�stiwn epifanei�n gin�tan pl�onefikt�. Mia t�toia perioq�, anexere�nhth ousiastik� ap� episthmonik�c pleur�c, apotele�kai h jal�ssia epif�neia thc Ghc. Kal�ptontac to 70% per�pou thc g�inhc epif�neiac, oi dia-kum�nseic kai oi metabol�c twn idiot�twn thc j�lassac ephre�zoun to kl�ma kai thn ex�lixhsto g�ino oikos�sthma.Prwtarqik�c skop�c thc doruforik�c altimetr�ac e�nai h parat�rhsh twn idiot�twntou jalass�ou perib�llontoc. Me thn kat�llhlh qr�sh twn doruforik�n dedom�nwn pa-rathro�ntai oi metakin�seic twn p�gwn, h metabol� sth st�jmh thc jal�ssiac epif�neiac, htaq�thta twn an�mwn, tou �youc twn kum�twn, h jermokras�a kai �mmesa, lamb�nontai plh-rofor�ec gia thn k�nhsh twn jalass�wn reum�twn, to g�ino ped�o bar�thtac, tic pal�rroieckai th genik�terh wke�nia kuklofor�a.Idia�terh shmas�a apokto�n oi altimetrik�c parathr�seic sthn per�ptwsh thc gewdais�ac.Oi parathr�seic twn doruf�rwn, met� ap� kat�llhlec epexergas�ec, d�noun shmantik�c plh-rofor�ec gia to g�ino ped�o bar�thtac stic wke�niec ekt�seic. An skefte� kane�c �ti oimetr�seic bar�thtac me touc sumbatiko�c tr�pouc e�nai exairetik� dapanhr�c, d�qwc naprosf�roun uyhl�c prodiagraf�c taq�thtac sthn katagraf� kai akr�beiac, t�te e�kolag�netai antilhpt� h meg�lh sumbol� thc altimetr�ac sthn katan�hsh kai perigraf� tou ped�ou.Epipl�on, h shmantik� megal�terh �ktash twn jalass�wn epifanei�n �nanti twn hpeirwtik�nekt�sewn de�qnei thn anagkai�thta qr�shc kai ermhne�ac twn altimetrik�n dedom�nwn sthnpros�ggish tou g�inou ped�ou bar�thtac.3.2 Oi altimetriko� doruf�roiH arq� thc doruforik�c altimetr�ac, me thn �nnoia pou or�sthke sthn eisagwg�, entop�zetaisto 1975 me thn ekt�xeush tou pr�tou kajar� altimetriko� doruf�rou Geos-3. E�qe proh-ghje� mia seir� doruf�rwn me thn onomas�a Skylab, oi opo�oi pragmatopo�hsan k�poiec al-timetrik�c metr�seic, d�qwc �mwc h diadikas�a aut� na apotele� ton prwtarqik� st�qo touc.Oi doruf�roi Skylab (bl. eik�na 3.1) apot�lesan thn pr�th dokim� tou altimetriko� t�poumetr�sewn, pou qrhsimopoi�jhke sthn pr�th oloklhrwm�nh altimetrik� apostol� me to do-ruf�ro Seasat.O Geos-3 (Geodynamics Experimental Ocean Satellite) (bl. eik�na 3.2) e�nai o tr�toc thcseir�c twn doruf�rwn pou xek�nhsan thn parakolo�jhsh thc g�inhc epif�neiac twn wkean�n73



74 H DORUFORIKH ALTIMETRIA

Sq�ma 3.1: O doruf�roc Skylab (NASA).me st�qo thn exagwg� qr�simwn plhrofori�n gia to g�ino ped�o bar�thtac kai tic gewfusik�cidi�thtec twn wkean�n. O doruf�roc t�jhke se troqi� stic 9 April�ou 1975 kai trofod�thseme prwtogen� dedom�na thn episthmonik� koin�thta gia periss�tero ap� 3.5 qr�nia. Oiupe�junec uphres�ec gia th diaqe�rish kai thn parakolo�jhsh tou doruf�rou �tan to K�ntroDiasthmik�n Pt�sewn Goddard (Goddard Space Flight Center) kai to K�ntro Diasthmik�nPt�sewn Wallops (Wallops Space Flight Center) thc NASA. To m�so �yoc pt�shc tou �tanta 843 qili�metra kai h troqi� tou �tan sqed�n kuklik� (ekkentr�thta 0.001) kai kl�shc114.98�. Sta qr�nia leitourg�ac tou o Geos-3 �dwse shmantik�c plhrofor�ec gia tic uyhl�csuqn�thtec tou wke�niou ped�ou bar�thtac, gia thn kat�stash thc j�lassac kai to �yoctwn kum�twn, gia tic sqed�n-st�simec apokl�seic tou jal�ssiou geweido�c, thn taq�thtatwn an�mwn kai thn kat�stash twn p�gwn. Periss�terec plhrofor�ec gia thn apostol� tou

Sq�ma 3.2: O doruf�roc Geos-3 (NASA).Geos-3 d�nontai sto eidik� te�qoc tou Journal of Geophysical Research (ep�shmh �kdosh thcAmerikanik�c Gewfusik�c 'Enwshc � American Geophysical Union) [40] kai eidik�tera ap�ton Stanley [74].O Seasat (bl. eik�na 3.3) e�nai o pr�toc doruf�roc pou kataskeu�sthke kat� k�riol�go gia thn parat�rhsh twn wkean�n. Kataskeu�sthke kai ektoxe�jhke me euj�nh touJet Propulsion Laboratory of National Aeronautics and Space Administration - JPL/NASA(http://www.jpl.nasa.gov). Ektoxe�thke stic 28 Ioun�ou 1978 kai h leitourg�a tou sta-m�thse stic 10 Oktwbr�ou 1978 l�gw problhm�twn sta hlektronik� �rgana. Me troqi�sqed�n kuklik� se uy�metro 800 qiliom�trwn kai kl�sh sqed�n polik� (108�), o doruf�roc
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Sq�ma 3.3: O doruf�roc Seasat (NASA).kat�rjwse na sugkentr�sei 42 �rec dedom�nwn, periss�tera ap� �,ti ta prohgo�mena 100qr�nia ep�geiwn parathr�sewn. Ta dedom�na tou Seasat emperi�qoun plhrofor�ec gia thnepifaneiak� jal�ssia jermokras�a, touc an�mouc, to �yoc twn kum�twn, touc p�gouc kaithn wke�nia topograf�a. Periss�terec plhrofor�ec gia to doruf�ro d�nontai sta eidik�afier�mata tou Journal of Geophysical Research [41], [42], kaj�c ep�shc kai m�sw tou dia-dikt�ouhttp://www.jpl.nasa.gov/missions/seasat,http://southport.jpl.nasa.gov/scienceapps/seasat.html.Akolo�jhse o gewdaitik�c doruf�roc Geosat - Geodetic Satellite (bl. sq�ma 3.4). O

Sq�ma 3.4: O doruf�roc Geosat (NOAA - NODC Laboratory for Satellite Altimetry).Geosat jewre�tai o akrogwnia�oc l�joc thc diasthmik�c wkeanograf�ac kai thc diasthmik�cgewdais�ac. Ap� to �nom� tou fa�netai �ti o prwtarqik�c skop�c tou doruf�rou �tanh pros�ggish tou wke�niou geweido�c. Gia pr�th for� h gewdaitik� koin�thta e�qe de-dom�na, ta opo�a pro�rqontan ap� �na doruforik� s�sthma kataskeuasm�no gia paroq�



76 H DORUFORIKH ALTIMETRIAgewdaitik�n plhrofori�n. Kataskeuasm�noc sto Ergast�rio Efarmosm�nhc Fusik�c touPanepisthm�ou Johns Hopkins, up� thn epopte�a tou Nautiko� twn Hnwm�nwn Politei�nthc Amerik�c (HPA), o doruf�roc e�qe �na alt�metro, me th bo�jeia tou opo�ou pragmato-poi�jhkan metr�seic thc stigmia�ac epif�neiac thc j�lassac, to �yoc twn kum�twn kai thctaq�thtac twn an�mwn. Oi f�seic twn metr�sewn tou Geosat e�nai:� H kajar� gewdaitik� f�sh (Geodetic Mission - GM): Ap� tic 30 Mart�ou 1985 �wc tic30 Septembr�ou 1986 o doruf�roc pragmatopo�hse thn arqik� apostol� tou pou �tan hpros�ggish tou wke�niou geweido�c m�qri tou pl�touc twn 72�. To �yoc pt�shc �tan ta800 qili�metra kai h kl�sh tou pros�ggize tic 108�. Sthn per�odo aut� twn 18 mhn�n htroqi� tou doruf�rou �tan sqed�n epanalhptik� me per�odo 23 hmer�n (330 peristrof�cse 23.05 hm�rec me m�sh troqiak� per�odo 6039.84 deuter�lepta). Ta �qnh twn troqi�nsthn epif�neia thc Ghc (4 qili�metra metax� touc ap�stash ston ishmerin�) e�qan wcapot�lesma th l�yh dedom�nwn meg�lhc diakritik�c ikan�thtac. L�gw thc meg�lhcstratiwtik�c shmas�ac aut�n twn dedom�nwn, oi metr�seic thc gewdaitik�c f�shc touGeosat par�meinan ap�rrhtec m�qri to 1990. S�mera ta dedom�na aut� e�nai diaj�simasthn episthmonik� koin�thta.� H akrib�c epanalamban�menh f�sh Exact-Repeat Mission - ERM: Met� th gewdaitik�f�sh m�a allag� sthn troqi� tou Geosat e�qe wc apot�lesma thn �narxh thc ERM stic8 Noembr�ou 1986. S�mfwna me th f�sh aut�, dhmiourgo�ntai mhkotom�c kat� m�koctou �qnouc thc troqi�c, oi opo�ec epanalamb�nontai me ap�klish 1-2 qiliom�trwn sedi�sthma 17 hmer�n per�pou (1 k�kloc: 244 peristrof�c se 17.05 hm�rec me m�sh tro-qiak� per�odo 6037.55 deuter�lepta). H akrib�c epanalamban�menh f�sh tou Geosatsumpl�rwse 62 pl�reic k�klouc twn 17.05 hmer�n proto� m�a bl�bh sto s�sthma ka-tagraf�c twn metr�sewn, ton Okt�brio tou 1989, katast�sei ad�nath thn pagk�smiakatagraf� dedom�nwn. Ton Ianou�rio tou 1990 h suneqiz�menh bl�bh s�mane kai tot�loc thc apostol�c tou Geosat.H arqik� perigraf� tou sust�matoc metr�sewn tou Geosat perigr�fetai ap� touc Cheneyet al. [17]. O arqik�c upologism�c twn troqi�n tou Geosat bas�sthke sto pagk�smiodoruforik� mont�lo bar�thtac GEM-T2 [56]. O arqik�c upologism�c twn troqi�n pro-segg�sthke me m�a akr�beia thc t�xhc twn 2-3 m�trwn. To m�gejoc aut� tou aktiniko� tro-qiako� sf�lmatoc ephr�ase kai ta altimetrik� dedom�na, k�nontac anagka�ec k�poiec proe-pexergas�ec gia thn elaqistopo�hsh tou shmantiko� auto� sf�lmatoc. Met� to 1995, �tan hgewdaitik� f�sh tou Geosat prosf�rjhke sthn episthmonik� koin�thta, �gine prosp�jeia giath belt�wsh tou upologismo� twn troqi�n kai thn elaqistopo�hsh tou aktiniko� troqiako�sf�lmatoc. To 1997 h Ejnik� Dio�khsh Wkean�n kai Atm�sfairac twn HPA (National Ocea-nic and Atmospheric Administration { NOAA) dhmos�euse to beltiwm�no upologism� twntroqi�n tou Geosat, basism�no sto pagk�smio mont�lo bar�thtac, pou upolog�sthke gia thnapostol� tou TOPEX/POSEIDON, Joint Gravity Model 3 { JGM3 [79]. H belt�wsh sthntroqi� fa�netai kajar� sto sq�ma 3.5. Periss�terec plhrofor�ec gia ton Geosat d�nontaiap� touc Cheney et al. [17], ta eidik� afierwm�na te�qh tou Journal of Geophysical Research[44], [43] kai stic sel�dec tou diadikt�ouhttp://ibis.grdl.noaa.gov/SAT/gdrs/geosat handbook/index.htmlAkolo�jhse h ekt�xeush tou Eurwpa�ko� doruf�rou ERS1 { European Remote-sensingSatellite 1 (bl. sq�ma 3.6). Upe�junh gia thn ekt�xeush kai ton �legqo tou doruf�rou e�nai hEurwpa�k� Uphres�a Diast�matoc (European Space Agency - ESA { http://www.esa.int).H ekt�xeush tou ERS1 pragmatopoi�jhke stic 17 Ioul�ou 1991. O prwtarqik�c skop�ctou e�nai h poluet�c mel�th twn wkean�n, h katagraf� thc k�nhshc twn p�gwn, h m�trhshthc taq�thtac kai thc die�junshc twn an�mwn, h m�trhsh tou �youc twn kum�twn kai thcjermokras�ac. An kai h sqediasm�nh di�rkeia zw�c tou doruf�rou �tan ta d�o qr�nia,metr�seic katagr�fhkan m�qri to 1996, op�te kai antikatast�jhke ap� to di�doqo doruf�roERS2. S�mera, o ERS1 qrhsimopoie�tai wc anaplhrwmatik�c tou ERS2. O doruf�roc
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Sq�ma 3.5: H belt�wsh sthn troqi� tou Geosat ap� th qrhsimopo�hsh tou pagk�smioumont�lou bar�thtac JGM-3 (NOAA - NODC Laboratory for Satellite Altimetry).

Sq�ma 3.6: O doruf�roc ERS1 (ESA).pet� se �yoc 780 qiliom�trwn, se polik� hlios�gqronh troqi� kl�shc 98.50�. Oi f�seicleitourg�ac tou ERS1 e�nai:� F�sh A: 'Elegqoc tou doruforiko� sust�matoc kai bajmon�mhsh twn org�nwn: 31Ioul�ou 1991 � 20 Dekembr�ou 1991. Epanalamban�menoi k�kloi di�rkeiac 3 hmer�n.� F�sh B: Pr�th f�sh katagraf�c twn p�gwn: 28 Dekembr�ou 1991 � 30 Mart�ou 1992.Epanalamban�menoi k�kloi di�rkeiac 3 hmer�n.� F�sh C: Pr�th f�sh thc akrib�c epanalamban�menhc troqi�c: 14 April�ou 1992 � 20Dekembr�ou 1993. 18 epanalamban�menoi k�kloi twn 35 hmer�n.� F�sh D: De�terh f�sh katagraf�c twn p�gwn met� ap� d�o qr�nia: 23 Dekembr�ou1993 � 3 Oktwbr�ou 1994. Epanalamban�menoi k�kloi di�rkeiac 3 hmer�n.� F�sh E: Pr�th gewdaitik� apostol�: 10 April�ou 1994 � 27 Septembr�ou 1994. 'Enack�kloc twn 168 hmer�n me pukn� k�luyh gia thn qartogr�fhsh tou wke�niou geweido�c.� F�sh F: De�terh gewdaitik� apostol�: 27 Septembr�ou 1994 � 21 Mart�ou 1995. 'Enack�kloc twn 168 hmer�n me ta �qnh twn troqi�n metatopism�na kat� 8 qili�metra giath belt�wsh thc diakritik�c ikan�thtac thc k�luyhc.



78 H DORUFORIKH ALTIMETRIA� F�sh E: De�terh f�sh thc akrib�c epanalamban�menhc troqi�c: 21 Mart�ou 1995� 16 Ma�ou 1996. 13 k�kloi twn 35 hmer�n. Koin� f�sh me ton ERS2 gia l�goucbajmon�mhshc kai sumbat�thtac twn dedom�nwn.Periss�terec plhrofor�ec gia ton ERS1 d�nontai stic anafor�c thc ESA gia to doruf�ro[28], [29] kai [27], kaj�c ep�shc kai sto diad�ktuo stic dieuj�nseic:http://www.ifremer.fr/cersat/ACTIVITE/ERS/MISSION/E ERS.HTMhttp://www.esoc.esa.de/external/mso/ers.htmlhttp://ersmonrp.esoc.esa.de/start.htmlH meg�lh dunat�thta suneqo�c parat�rhshc thc epif�neiac twn wkean�n me th bo�jeiadoruf�rwn �jhse th NASA kai to Ejnik� K�ntro Diasthmik�n Melet�n thc Gall�ac (Cen-trale Nationale d' Etudes Spaciales { CNES) sthn ap� koino� prosp�jeia gia thn kata-skeu� en�c doruf�rou uyhl�c akr�beiac sth m�trhsh kai meg�lhc di�rkeiac zw�c. O do-ruf�roc TOPEX/POSEIDON (T/P) (bl. sq�ma 3.7) pou kataskeu�sthke, p�re to �nom�tou ap� ta d�o basik� altimetrik� rant�r tou. To pr�to e�nai �na altimetrik� rant�r dipl�csuqn�thtac, to opo�o kataskeu�sthke ap� th NASA kai onom�sthke TOPEX ap� ta arqik�thc fr�shc TOPographic EXperiment. To de�tero rant�r kataskeu�sthke ap� to CNESkai e�nai apl�c suqn�thtac. Ta d�o altimetrik� rant�r moir�zontai thn �dia kera�a l�yhc kaiepom�nwc den up�rqei h dunat�thta taut�qronhc leitourg�ac touc. O doruf�roc ektoxe�thke

Sq�ma 3.7: O doruf�roc TOPEX/POSEIDON (AVISO - Altimetrie).stic 10 Augo�stou 1992 kai ap� t�te �qei sumplhr�sei g�rw stouc 250 pl�reic k�klouc,prosf�rontac sthn episthmonik� koin�thta to megal�tero �gko altimetrik�n dedom�nwnsth s�ntomh altimetrik� istor�a. Ta p�nte qr�nia suneq�menwn metr�sewn prosf�roun�na meg�lo arijm� dedom�nwn kat�llhlo gia th mel�th thc sumperifor�c twn wkean�n, thnparakolo�jhsh thc k�nhshc twn jalass�wn reum�twn (Gulf Stream, Kuroshio) kai twn kli-matologik�n fainom�nwn thc dekaet�ac mac (El Ni~no, La Ni~na). O doruf�roc br�sketaise �yoc 1336 qiliom�trwn, kine�tai se troqi� sqed�n kuklik� (ekkentr�thta 0.000095) kaikl�sh 66.039�. To �qnoc thc troqi�c tou epanalamb�netai me akr�beia 1 qiliom�trou k�je9.9156 hm�rec. Idia�terh �mfash d�jhke kat� th sqed�ash thc doruforik�c apostol�c sthdunat�thta uyhl�c akr�beiac prosdiorismo� thc troqi�c tou doruf�rou, afo� to kuri�terosf�lma prin thn �leush tou T/P �tan to aktinik� sf�lma thc troqi�c. Topojet�jhkan�rgana uyhl�c akr�beiac prosdiorismo� thc troqi�c sumperilambanom�nwn d�kth Global Po-sitioning System (GPS) kai d�kth tou sust�matoc DORIS (Doppler Orbitography and Ra-diolocation Integrated by Satellite) � bl. http://doris@www-projet.cst.cnes.fr:8060.Sto gegon�c thc akribo�c pros�ggishc thc troqi�c tou T/P se sunduasm� me th qr�sh touexeligm�nou pagk�smiou doruforiko� mont�lou bar�thtac Joint Gravity Model 3 { JGM3 [79]ofe�letai kai h qr�sh tou T/P wc doruf�rou anafor�c sthn pros�ggish kai th di�rjwshtwn troqi�n twn �llwn altimetrik�n doruf�rwn, p.q., tou Geosat kai twn ERS1-2 [53]. Pe-



KEFALAIO 3 79riss�terec plhrofor�ec gia to doruf�ro d�nontai sta eidik� te�qh tou Journal of GeophysicalResearch [45], [39] kai m�sw tou diadikt�ou stic dieuj�nseic:http://sirius-ci.cst.cnes.fr:8090http://www-ccar.colorado.edu/research/topex/html/topex.htmlhttp://topex-www.jpl.nasa.govhttp://podaac.jpl.nasa.gov.O de�teroc Eurwpa�k�c doruf�roc ERS2 (bl. sq�ma 3.8) e�nai o di�doqoc tou ERS1. Ta

Sq�ma 3.8: O doruf�roc ERS2 (ESA).teqnik� qarakthristik� tou doruf�rou e�nai �moia me aut� tou prokat�qou tou, me k�poiecbelti�seic sthn teqnolog�a kai sthn poikil�a twn episthmonik�n org�nwn. Ektoxe�thke stic21 April�ou 1995 kai kine�tai sthn �dia troqi� me ton ERS1. Programmat�sthke me t�toiotr�po, �ste to �qnoc thc troqi�c tou na akolouje� to �qnoc thc troqi�c tou prokat�qou tougia th bajmon�mhsh kai thn taut�qronh leitourg�a kai twn d�o. O ERS2, afo� leito�rghsegia �na qr�no maz� me ton ERS1 sth f�sh thc bajmon�mhs�c tou, ton antikat�sthse pl�rwcap� ton Io�lio tou 1996. Aut� th stigm� br�sketai sth f�sh thc epanalamban�menhc kata-graf�c thc stigmia�ac st�jmhc thc j�lassac se k�klouc di�rkeiac 35 hmer�n.Met� thn epituq� apostol� tou Geosat kai to pl�joc twn plhrofori�n pou �dwse sthnstratiwtik� kai episthmonik� koin�thta, to Nautik� twn HPA apof�sise thn upost�rixhtou diad�qou doruf�rou Geosat Follow-On { GFO. O doruf�roc ektoxe�thke stic 10 Fe-brouar�ou 1998 kai aut� th stigm� (1999) br�sketai sth f�sh thc bajmon�mhshc kai thc sul-log�c dokimastik�n dedom�nwn. O doruf�roc (bl. sq�ma 3.9) br�sketai se troqi� se �yoc800 qiliom�trwn, se sqed�n kuklik� troqi� (ekkentr�thta 0.0008035) kai kl�sh 108.0448�.Ta pr�ta dedom�na touGFO �qoun doje� sth NASA kai sth NOAA, oi opo�ec e�nai upe�junecgia th axiol�ghsh touc kai thn pro�jhs� touc se politiko�c qr�stec. Qr�simec plhrofor�ecgia ton GFO kai n�a gia thn pr�odo twn axiolog�sewn kai th di�jesh twn dedom�nwn d�nontaistic dieuj�nseic tou diadikt�ou:http://gfo.wff.nasa.govhttp://ibis.grdl.noaa.gov/SAT/gdrs/gfo.htmlhttp://gfo.bmpcoe.org/Gfo.T�loc, proc ta t�lh tou 2000 e�nai programmatism�nh h ekt�xeush tou antikatast�thtou T/P. O doruf�roc onom�zetai Jason-1 (bl. sq�ma 3.10). H apostol� pragmatopoie�taigia mia ak�ma for� me th sunergas�a thc NASA m�sw tou ergasthr�ou JPL kai tou CNESm�sw thc AVISO { Archiving, Validation and Interpretation of Satellite Oceanographic datakai thc CLS { Collect, Localization, Satellites. O Jason-1 e�nai o pr�toc ap� mia seir� do-
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Sq�ma 3.9: O doruf�roc Geosat-Follow-On (U.S. Navy).

Sq�ma 3.10: O doruf�roc Jason-1 (AVISO - Altimetrie).ruf�rwn, oi opo�oi �qei programmatisje� na ektoxeujo�n ta ep�mena 20 qr�nia. O doruf�rocja par�qei sqed�n pragmatiko� qr�nou dedom�na (treic �rec met� th m�trhs� touc) kai jaapotel�sei thn �narxh thc leitourgik�c f�shc thc epist�mhc thc wkeanograf�ac (operationaloceanography). O doruf�roc �qei sqediaste� elafr�teroc ap� ton T/P, kai probl�pontai ai-sjht�c belti�seic sto j�rubo twn org�nwn, ston prosdiorism� thc troqi�c kai sthn poi�thtatwn diorjwm�nwn dedom�nwn. O doruf�roc ja peristr�fetai se uy�metro 1336 qiliom�trwnme kl�sh troqi�c 66� kai per�odo peristrof�c tic 9.9 hm�rec. H epanalamban�menh troqi� tou(me apokl�seic mikr�terec tou en�c qiliom�trou ston ishmerin�) ja d�nei th dunat�thta dia-qronik�n metabol�n sth st�jmh thc j�lassac. Periss�terec plhrofor�ec gia thn apostol�d�nontai ap� tic sel�dec tou diadikt�ou:http://sirius-ci.cst.cnes.fr:8090http://tethys.jpl.nasa.gov/jason1http://www-ocean.tamu.edu/topex-poseidon/jason.html.Ta qarakthristik� twn altimetrik�n doruf�rwn parousi�zontai sugkentrwtik� stonp�naka 3.1.3.3 H arq� thc doruforik�c altimetr�acH an�lush pou akolouje� perigr�fei thn arq� leitourg�ac twn altimetrik�n metr�sewn.Katarq�n, jewre�tai apara�thth h par�jesh twn �rwn pou ja qrhsimopoihjo�n sth sun�qeia



KEFALAIO 3 81P�nakac 3.1: Ta qarakthristik� twn altimetrik�n doruf�rwn.doruf�roc hmeromhn�a m�za per�geio � kl�sh per�odoc upe�j. uphres�aekt�xeushc (kg) ap�geio (�) (min)Geos-3 9/4/75 341 816�850 114.98 101.6 NASASeasat 28/7/78 2300 761�765 108.0 100.1 NASA/JPLGeosat 13/3/85 635 775�779 108.1 100.7 US NavyERS1 17/7/91 2384 774�775 98.5 100.3 ESAT/P 10/8/92 2402 1330�1342 66.0 112.4 NASA/CNESERS2 21/4/95 2516 783�784 98.6 100.5 ESAGFO 10/2/98 ? 785�788 108.1 100.6 US NavyJason-1 12/00 ? �1336 �66 �112 CNES/NASAtou kefala�ou. Oi �roi auto� parousi�zontai sto sq�ma 3.11.

Sq�ma 3.11: Oi qrhsimopoio�menoi �roi gia thn perigraf� tou altimetriko� sust�matoc(AVISO - Altimetrie).� Wc ap�stash (range) or�zetai h ap�stash ap� to k�ntro m�zac tou doruf�rou m�qri thg�inh epif�neia, �pwc aut� metr�tai ap� ta alt�metra. H altimetrik� m�trhsh, loip�n,ja anaf�retai wc ap�stash kai �qi �yoc.� Wc uy�metro (altitude) or�zetai h ap�stash tou k�ntrou m�zac tou doruf�rou ap� �nashme�o anafor�c. To shme�o anafor�c e�nai sun�jwc � to elleiyoeid�c anafor�c � tok�ntro m�zac thc Ghc. To uy�metro tou doruf�rou upolog�zetai ap� ta dedom�na twndoruforik�n efhmer�dwn.� Wc �yoc thc stigmia�ac st�jmhc thc j�lassac (Sea Surface Height { SSH) or�zetaih ap�stash thc stigmia�ac st�jmhc thc j�lassac ap� to elleiyoeid�c anafor�c kaiupolog�zetai ap� thn ap�stash pou metr�ei o altimetrik�c doruf�roc kai to uy�metrotou doruf�rou ap� to elleiyoeid�c anafor�c.� Wc peristrof� (revolution) or�zetai mia peristrof� tou doruf�rou g�rw ap� th Gh.� Di�bash tou doruf�rou (satellite pass) e�nai to mis� miac pl�rouc peristrof�c. Oidiab�seic tou doruf�rou qwr�zontai se anabib�zousec (ascending), �tan h troqi�



82 H DORUFORIKH ALTIMETRIAtou doruf�rou phga�nei ap� mikr� se meg�la gewgrafik� pl�th kai katabib�zousec(descending), �tan h troqi� phga�nei ap� meg�la se mikr� gewgrafik� pl�th.� Epanalamban�menoc k�kloc (repeat cycle) e�nai h qronik� per�odoc m�qric �tou o do-ruf�roc per�sei ek n�ou ap� to �dio �qnoc. O �roc sunant�tai, �pwc g�netai katanoht�,m�no stic epanalamban�menec altimetrik�c apostol�c (ERM).H arq� m�trhshc twn altimetrik�n doruf�rwn akolouje� th genik�terh arq� twn do-ruforik�n metr�sewn: 'Ena s�ma pou ekp�mpetai ap� to doruf�ro anakl�tai ep�nw sthg�inh epif�neia kai epistr�fontac lamb�netai ap� to doruf�ro. To qron�metro akribe�actou doruf�rou metr� to qr�no thc diadrom�c tou s�matoc kai to metatr�pei se ap�stash.H arq� den e�nai b�baia kai t�so apl�, giat� o doruf�roc katarq�n den e�nai �na stajer�s�sthma, all� kine�tai se mia troqi� pou ephre�zetai ap� to g�ino ped�o bar�thtac. Htroqi� tou doruf�rou den prosdior�zetai qrhsimopoi�ntac tic altimetrik�c metr�seic, all�prosegg�zetai ap� anex�rthtec metr�seic �llwn susthm�twn. T�toia ep�geia sust�mataparakolo�jhshc twn doruf�rwn e�nai to DORIS kai to Satellite Laser Ranging { SLR.Ak�ma, h troqi� tou doruf�rou el�gqetai kai ap� doruforik� sust�mata, �pwc to GPS.P�nw sto doruf�ro, ekt�c ap� ta �rgana gia thn altimetrik� diadikas�a, up�rqoun d�ktec kaik�toptra gia ton prosdiorism� thc troqi�c. L�gw thc periorism�nhc gn�shc mac gia to ped�othc g�inhc bar�thtac, m�qri prin ap� l�ga qr�nia to troqiak� sf�lma �ftane thn tim� twnmerik�n m�trwn. Me thn an�ptuxh twn n�wn doruforik�n mont�lwn kai th beltistopo�hshtwn metr�sewn, to sf�lma aut� s�mera br�sketai sta �ria tou jor�bou twn metr�sewn (2�3ekatost�).Ekt�c ap� to doruforik� s�sthma, o palm�c pou ekp�mpetai ap� to doruf�ro dian�ei�na pol�ploko, ap� thn �poyh thc sumperifor�c twn kum�twn, m�so, th g�inh atm�sfaira.Oi metr�seic ephre�zontai ap� thn ep�drash thc atm�sfairac kai e�nai apara�thto na dior-jwjo�n. Periss�tera gia to s�nolo twn sfalm�twn twn altimetrik�n dedom�nwn ja dojo�nsthn en�thta 3.4.H arq� m�trhshc thc doruforik�c altimetr�ac fa�netai sto sq�ma 3.12. Qrhsimopoi�ntac

Sq�ma 3.12: H arq� thc doruforik�c altimetr�ac (AVISO - Altimetrie).�la ta dedom�na parakolo�jhshc tou doruf�rou, ekt�c ap� tic altimetrik�c metr�seic, pros-dior�zetai h kal�terh dunat� troqi�. Upolog�zetai dhlad� h ap�stash tou doruf�rou ap�thn arq� tou sust�matoc anafor�c. To s�sthma anafor�c e�nai gewkentrik� kai akrib�cprosdiorism�no ap� doruforik�c, ep�geiec kai exwgalaxiak�c parathr�seic. H diadikas�a



KEFALAIO 3 83m�trhshc akolouje� tic arq�c twn hlektromagnhtik�n metr�sewn kai perigr�fetai me le-ptom�reiec stic anafor�c [63], [75] kai [14]. 'Ena altimetrik� rant�r leitourge� sun�jwcse 13.5 GHz suqn�thta palmo�. Gia na epiteuqje� akr�beia en�c ekatosto� sth m�trhshtou �youc thc stigmia�ac epif�neiac thc j�lassac qrei�zetai mia diakritik� ikan�thta sthm�trhsh tou qr�nou thc t�xhc twn 30 ps. Aut� h diakritik� ikan�thta apaite� thn ekpomp�shm�twn idia�tera uyhl�c suqn�thtac (30 GHz). Sthn pragmatik�thta qrhsimopoie�taisuqn�thta twn 300 MHz (3 ns) kentrwm�nh sta 13.5 GHz [63], [14]. 'Etsi, ant� gia �napalm� mikro� e�rouc, h morf� en�c megal�terou palmo� anal�etai me thn prosarmog� miackamp�lhc [14] (bl. kai sq�ma 3.13). Gia th l�yh tou kat�llhlou l�gou s�matoc-proc-j�rubo

Sq�ma 3.13: Prosarmosm�nh kamp�lh stouc anakl�menouc altimetriko�c palmo�c gia treicdiaforetik�c peript�seic jal�ssiac kat�stashc (sq�ma ap� [67]).upolog�zetai o m�soc �roc twn epistref�menwn palm�n se sugkekrim�no qronik� di�sthma.H morf� miac exomalunsm�nhc kamp�lhc prosarm�zetai stouc upologism�nouc m�souc �rouc.D�o diadoqik�c m�sec kamp�lec qrhsimopoio�ntai gia ton prosdiorism� miac m�trhshc �youcthc stigmia�ac epif�neiac thc j�lassac k�je �na d�kato tou deuterol�ptou. H morf� thckamp�lhc prosarmog�c exart�tai ap� th morf� thc epif�neiac, ep�nw sthn opo�a anakl�taio palm�c. Se �remh j�lassa h kl�sh thc kamp�lhc e�nai ap�tomh, en� se kumat�dh j�lassah kl�sh e�nai pio omal�. To �yoc twn kum�twn ekfr�zetai me ton �ro {�yoc shmantiko�k�matoc} (signi�cant wave height { SWH) kai iso�tai me to tetrapl�sio tou m�sou tetra-gwniko� sf�lmatoc tou uyom�trou thc stigmia�ac st�jmhc (bl. sq�ma 3.13).Metr�ntac me aut�n ton tr�po thn ap�stash metax� tou doruf�rou kai thc stigmia�acepif�neiac thc j�lassac, qrhsimopoi�ntac �na proepilegm�no elleiyoeid�c anafor�c (p.q.,to GRS80) kai gnwr�zontac th gewkentrik� ap�stash tou doruf�rou ap� tic doruforik�cefhmer�dec thc troqi�c, h ex�swsh parat�rhshc thc doruforik�c altimetr�ac d�netai ap� thsq�sh: h = rs � �a � re; (3.1)�pou h to �yoc thc stigmia�ac st�jmhc thc j�lassac, rs h gewkentrik� ap�stash tou do-ruf�rou pou lamb�netai ap� tic doruforik�c efhmer�dec, �a h ap�stash doruf�rou-stig-mia�ac epif�neiac thc j�lassac kai re h aktinik� ap�stash tou �qnouc tou doruf�rou stoelleiyoeid�c anafor�c, �pwc fa�netai kai sto sq�ma 3.14. L�gw thc g�inhc ekkentr�thtacoi apost�seic rs, �a kai (re + h) sqhmat�zoun �na tr�gwno kai �nac diorjwtik�c �roc C =re=8(1� re=rs)e4 sin2(2�) pr�pei na eisaqje�, �pou e h ekkentr�thta tou elleiyoeido�c kai �to gewgrafik� pl�toc, �ste: h = rs � �a � re � C: (3.2)
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Sq�ma 3.14: H ep�drash tou elleiyoeido�c sq�matoc thc Ghc stic altimetrik�c metr�seic.H parap�nw ex�swsh tropopoie�tai shmantik� me thn eisagwg� twn diorj�sewn sthn alti-metrik� m�trhsh, �pwc parousi�zontai sthn ep�menh en�thta.3.4 Phg�c sfalm�twnPoik�lec e�nai oi phg�c sfalm�twn pou qarakthr�zoun tic altimetrik�c metr�seic. Ta sf�l-mata sqet�zontai me th hlektromagnhtik� f�sh twn metr�sewn, th doruforik� troqi� kai ticatmosfairik�c epidr�seic. L�gw thc meg�lhc poikil�ac twn sfalm�twn pou ephre�zoun ticmetr�seic o diaqwrism�c touc se kathgor�ec kr�netai apara�thtoc.3.4.1 Sf�lmata tou altim�trouTa sf�lmata tou org�nou pou metad�dei kai lamb�nei ta s�mata sqet�zontai me thn hle-ktronik� f�sh twn metr�sewn. Ta kuri�tera sf�lmata pou aforo�n sto alt�metro e�nai hgwn�a pou sqhmat�zei o hlektronik�c �xonac tou altim�trou me thn k�jeth sthn epif�neiaan�klashc. Ta sf�lmata ap�klishc thc kera�ac tou altim�trou (antenna mispointing),�pwc kai h ap�klish tou hlektroniko� k�ntrou tou altim�trou ap� to k�ntro m�zac tou do-ruf�rou � hlektronik� diafor� st�jmhc tou altim�trou (electronic altimeter bias) upo-log�zontai xeqwrist� gia k�je altimetrik� apostol� sthn arqik� diadikas�a bajmon�mhshc,�pwc to pe�rama bajmon�mhshc sta nhsi� Bermo�dec gia ton Seasat, to pe�rama ston P�rgothc Benet�ac gia th bajmon�mhsh twn org�nwn tou ERS1 kai ta peir�mata bajmon�mhshc touT/P sth Mes�geio (Lampedusa) kai sthn Kalif�rnia (Harvest platform near Point Conce-ption). O upologism�c twn sfalm�twn aut�n pragmatopoie�tai s�mera me mia akr�beia 2-3ekatost�n gia ton T/P. Periss�tera gia ta eswterik� sf�lmata tou altim�trou d�nontaiap� ton [14] kai ta bibl�a qr�shc twn dedom�nwn tou Geosat [35] tou ERS1 [27] kai tou T/P[5].3.4.2 Atmosfairik�c epidr�seicTo altimetrik� s�ma diasq�zei th g�inh atm�sfaira d�o for�c, m�a kat� thn ekpomp� kaim�a m�qri th diadikas�a thc l�yhc. H epidr�seic thc ion�sfairac kai thc trop�sfairac e�naishmantik�c, an kai h di�dosh tou s�matoc g�netai p�ntote kat� m�koc miac k�jethc diadrom�c.Trop�sfairaStic pr�tec altimetrik�c apostol�c oi troposfairik�c epidr�seic upolog�zontan me th bo�jei-a empeirik�n mont�lwn me qr�sh metr�sewn epifaneiak�c p�eshc kai jermokras�ac [67], [63].



KEFALAIO 3 85Ta mont�la aut� �mwc den �tan ikan� na anaparast�soun thn ep�drash thc trop�sfairacgia m�kh k�matoc mikr�tera twn 2000 qili�metrwn. H ep�drash thc trop�sfairac mpore� nadiaqwriste� sthn ep�drash tou xhro� m�rouc, h opo�a e�nai thc t�xhc twn 2.3 m�trwn, all�montelopoie�tai sqetik� e�kola [67] kai sthn ep�drash tou ugro� m�rouc, h opo�a e�nai thct�xhc twn 6-30 ekatost�n, all� o upologism�c thc e�nai d�skoloc.Me thn up�jesh thc udrostatik�c isorrop�ac, h troposfairik� kajust�rhsh exart�taim�no ap� thn epifaneiak� p�esh. Epeid� den up�rqei �mesoc tr�poc m�trhshc thc epifaneiak�cp�eshc ap� to doruf�ro, oi tim�c lamb�nontai s�mera ap� mont�la pou ekd�dei k�je 6 �rec toEurwpa�k� K�ntro Pr�gnwshc Kairo� Mesa�wn Apost�sewn (European Center of Mediumrange Weather Forecasting - ECMWF) H abebai�thta ston upologism� thc ep�drashc thcxhr�c atm�sfairac e�nai thc t�xhc twn 0.7 ekatost�n sta 1000-3000 qili�metra.'Oson afor� ston ugr� par�gonta, aut�c metr�tai ap� �na eidik� �rgano tou doruf�roupou onom�zetai radi�metro mikrokum�twn (microwave radiometer). Eidik�tera, o T/Pmetr� ton ugr� par�gonta me th bo�jeia tou Topex Microwave Radiometer - TMR. Oimetr�seic pragmatopoio�ntai se treic suqn�thtec: sta 18 GHz pou metr�tai h jermokras�afwtein�thtac (brightness temperature) kai ektim� thn ep�drash thc taq�thtac twn an�mwn,sta 21 GHz pou metre�tai h periektik�thta tou nero� se a�ria morf� (water vapourcontent) kat� thn k�jeth diadrom� di�doshc kai sta 37 GHz pou metr�tai h periektik�thtatou ugro� nero� (liquid water content), dhlad� h ep�drash twn nef�n kai twn broq�n. Hdi�rjwsh tou ugro� par�gonta upolog�zetai s�mera me mia abebai�thta thc t�xhc twn 1.2ekatost�n sta 100-2000 qili�metra.Ion�sfairaOi ionosfairik�c epidr�seic ofe�lontai, �pwc e�nai gnwst�, sth ep�drash twn eleuj�rwnhlektron�wn kai exart�ntai ap� thn �ra (th n�qta h sugk�ntrwsh twn hlektron�wn e�naimikr�), thn epoq� (to kaloka�ri oi m�gistec tim�c thc sugk�ntrwshc) kai thn per�odo thchliak�c aktinobol�ac.Gia touc pr�touc altimetriko�c doruf�rouc oi epidr�seic thc ion�sfairac upolog�zontaime th bo�jeia pagk�smiwn mont�lwn ion�sfairac, �pwc to IRI95 [10] gia ta n�a dedom�natou Geosat kai to BENT gia ton ERS1. Ston T/P kai stouc mellontiko�c doruf�rouc oiepidr�seic thc ion�sfairac upolog�zontai me th bo�jeia twn d�o suqnot�twn leitourg�ac toualtim�trou. H ekt�mhsh twn epidr�sewn g�netai me mia akr�beia thc t�xhc twn 0.5 ekatost�nsta 150-2000 qili�metra.Ep�drash tou an�mouH ep�drash thc taq�thtac tou an�mou metr�tai me ton prosdiorism� tou suntelest� dia-spor�c (backscatter coe�cient), o opo�oc lamb�netai ap� to hlektronik� m�roc tou aut�-matou el�gqou k�rdouc (Automatic Gain Control - AGC) tou altim�trou efarm�zontackat�llhlec diorj�seic [5].3.4.3 Wke�niec epidr�seicO wkean�c apotele� thn epif�neia an�klashc twn altimetrik�n shm�twn kai, �pwc e�nailogik�, h ep�drash thc kat�stas�c tou stic metr�seic e�nai shmantik�. H jal�ssia epif�neiaden e�nai mia st�simh kai omal� epif�neia kai epidr� an�loga me th morf� thc stic metr�seic.Diafor� st�jmhc thc jal�ssiac kat�stashc (Sea State Bias)Exait�ac tou meg�lou met�pou di�doshc tou hlektromagnhtiko� k�matoc ta stoiqe�a thcjal�ssiac epif�neiac sumperif�rontai diaforetik� sthn an�klash thc aktinobol�ac: stako�la tm�mata twn kum�twn antanakl�tai kal�tera to hlektromagnhtik� k�ma par� stic



86 H DORUFORIKH ALTIMETRIAkoruf�c. Gia to l�go aut�n, to kentrik� shme�o thc m�shc anakl�menhc epif�neiac meta-top�zetai proc ta ko�la tm�mata twn kum�twn, me apot�lesma thn lanjasm�nh ekt�mhsh tou�yoc thc stigmia�ac st�jmhc thc j�lassac. Aut� h diafor� thc pragmatik� anakl�menhcepif�neiac ap� th m�sh anakl�menh onom�zetai diafor� st�jmhc thc jal�ssiac kat�-stashc (Sea State Bias - SSB). H ep�drash thc diafor�c st�jmhc thc jal�ssiac kat�stashcqwr�zetai se d�o sunist�sec: thn hlektromagnhtik� diafor� st�jmhc (electromagneticbias), h opo�a e�nai �na fusik� fain�meno kai sund�etai me tic hlektromagnhtik�c idi�thtecthc epif�neiac thc j�lassac kai th diafor� st�jmhc l�gw tou org�nou (instrumentalbias), h opo�a exart�tai �mesa ap� ton hlektronik� sqediasm� tou rant�r kai ton qrhsimo-poio�meno alg�rijmo ekpomp�c kai l�yhc. H di�rjwsh l�gw tou fain�m�nou auto� g�netaim�sw empeirik�n mont�lwn [15], [34], [33].Ant�strofh barometrik� di�rjwsh (inverse barometer correction)Oi auxomei�seic thc atmosfairik�c p�eshc epidro�n kai sth metabol� thc st�jmhc twnwkean�n. 'Eqei parathrhje� �ti mia a�xhsh thc atmosfairik�c p�eshc kat� 1 mbar pro-kale� me�wsh thc jal�ssiac st�jmhc kat� 1 cm. H di�rjwsh upolog�zetai s�mfwna me[32]: I = �9:948 � (P � 1013:3) (3.3)�pou I h di�rjwsh se qiliost� kai P h atmosfairik� p�esh se mbar, h opo�a upolog�zetaignwr�zontac thn tim� tou xhro� par�gonta thc troposfairik�c di�rjwshc [63]. H anag-kai�thta thc di�rjwshc aut�c e�nai s�mera �na ap� ta kur�arqa zht�mata sthn altimetr�a.H ant�drash twn wkean�n sthn allag� thc atmosfairik�c p�eshc br�sketai ak�mh sto st�diothc �reunac kai h qrhsimopo�hsh twn parap�nw pr�pei na g�netai me prosoq�, se sun�rthshme to ped�o kai th di�rkeia twn efarmog�n.3.4.4 Ep�drash palirroi�nT�so oi pal�rroiec twn wkean�n, �so kai oi pal�rroiec tou stereo� floio� thc Ghc eph-re�zoun tic altimetrik�c diadikas�ec ap� th stigm� pou epidro�n sthn epif�neia an�klashctwn hlektromagnhtik�n kum�twn. Ax�zei na shmeiwje� �ti orism�nec suqn�thtec twn pa-lirroi�n e�kola parapoio�ntai m�sa sth suqn�thta thc troqi�c kai epom�nwc m�a ek twnprot�rwn di�rjwsh e�nai apara�thth [67], [48]. Me th bo�jeia twn altimetrik�n dedom�nwne�nai dunat� na upologisto�n k�poiec sunist�sec twn palirroi�n. Sthn per�ptwsh aut� oipal�rroiec apotelo�n to s�ma stic metr�seic, en� sthn per�ptwsh pou melet�tai h meta-bol�c thc wke�niac st�jmhc oi pal�rroiec apotelo�n m�roc tou jor�bou twn metr�sewn kaipr�pei na apomakr�nontai ek twn prot�rwn. Diaforetik�, odhgo�n se fain�mena ektim�sewnyeudo-metabol�n thc wke�niac st�jmhc [61].Pal�rroiec twn wkean�nGia th di�rjwsh twn altimetrik�n metr�sewn qrhsimopoio�ntai mont�la pou bas�zontai sededom�na palirroiogr�fwn kai twn �diwn twn altimetrik�n dedom�nwn. Anaf�roume ed�merik� ap� ta mont�la aut�, all� periss�tera gia thn ep�drash twn palirroi�n d�nontaistic anafor�c [11], [84].To arqik� mont�lo pou qrhsimopoi�jhke gia th di�rjwsh twn pr�twn altimetrik�n de-dom�nwn e�nai to mont�lo twn Catrwright and Tayler [13]. Akolo�jhsan to pagk�smiomont�lo tou Schwiderski [72]. Ta mont�la pou qrhsimopoio�ntai s�mera prosdior�zontai kaiap� thn an�lush twn altimetrik�n dedom�nwn. Ax�zei na anaferjo�n to empeirik� mont�loCSR3.0 tou K�ntrou Diasthmik�n Ereun�n tou Panepisthm�ou tou Texas (Center for SpaceResearch of the University of Texas at Austin) [22] kai to udrodunamik� mont�lo afomo�wshc(assimilation model) tou panepisthm�ou thc Grenoble FES95.2 [52]. Sugkr�seic metax� twnd�o mont�lwn parousi�zontai ap� touc Shum et al. [73].



KEFALAIO 3 87Sthn per�ptwsh kleist�n jalass�n ta pagk�smia mont�la parousi�zoun shmantik�casumfwn�ec. H qrhsimopo�hsh topik�n dedom�nwn kai h an�lush se topik� kl�maka odhge�sthn antimet�pish tou probl�matoc. Mont�la palirroi�n gia kleist�c j�lassec �qoun pa-rousiaste� ap� touc Vieira and de Toro [81] gia th Mes�geio kai ap� ton Livieratos [55] kaiSpatal� [91] gia to Aiga�o p�lagoc.Pal�rroiec tou stereo� floio� thc GhcO stere�c floi�c thc Ghc ephre�zetai ap� thn �lxh tou Hl�ou, thc Sel�nhc kai twn �llwnouran�wn swm�twn me tr�po �moio me aut�n pou ephre�zontai oi wkeano�. To palirro�k��yoc e�nai an�logo me to dunamik� thc bar�thtac kai o l�goc aut�c onom�zetai arijm�c touLove [57]. Oi pal�rroiec tou stereo� floio� thc Ghc perigr�fontai se �lec tic altimetrik�capostol�c ap� to gnwst� mont�la twn Cartwright and Tayler [13] kai twn Cartwright andEdden [12].Eidik�tera sta dedom�na tou T/P efarm�zetai kai mia epipl�on di�rjwsh, pou afor�sthn ep�drash twn palirroi�n sthn k�nhsh tou p�lou. Gnwr�zontac tic suntetagm�nec toup�lou h di�rjwsh aut� upolog�zetai e�kola s�mfwna me [83]p = a sin 2�(xp � xpav) cos�� (yp � ypav) sin�; (3.4)�pou to pl�toc a upolog�zetai ap� ton arijm� tou Love de�terhc t�xhc (0.302) kai iso�taime -69.435, xp, yp e�nai oi suntetagm�nec tou p�lou, �pwc lamb�nontai ap� tic efhmer�decthc troqi�c tou doruf�rou kai xpav , ypav e�nai oi m�sec suntetagm�nec tou p�lou sthn epoq�twn metr�sewn.3.4.5 Troqiak� sf�lmataTa troqiak� sf�lmata e�nai ta pio shmantik� sthn epexergas�a kai th di�rjwsh twn al-timetrik�n dedom�nwn. Ta sf�lmata aut� ofe�lontai kur�wc sthn periorism�nh gn�sh touped�ou bar�thtac kai epom�nwc thc troqi�c twn doruf�rwn. Stic pr�tec altimetrik�c apo-stol�c qrhsimopoi�jhkan doruforik� mont�la tou ped�ou bar�thtac gia thn perigraf� thctroqi�c twn altimetrik�n doruf�rwn. Ta dedom�na twn mont�lwn aut�n pro�rqontan ap�parathr�seic akt�nwn laser se eidiko�c doruf�rouc efodiasm�nouc me k�toptra, �pwc, p.q.,o doruf�roc Lageos. H periorism�nh gn�sh tou ped�ou bar�thtac odhgo�se se sf�lmataprosdiorismo� thc troqi�c thc t�xhc twn 2-3 m�trwn.H k�nhsh en�c doruf�rou g�rw ap� th Gh mpore� na perigrafe� me tic klasik�c exis�seicthc k�nhshc pou apotelo�n th l�sh tou probl�matoc thc �lxhc d�o swm�twn. H k�nhsh toudoruf�rou akolouje� touc gnwsto�c treic n�mouc tou Kepler:1. H doruforik� troqi� e�nai p�ntote elleiptik�, me th Gh sth m�a ap� tic est�ec thc.2. H akt�na thc troqi�c r diagr�fei se �souc qr�nouc �sec epif�neiec:r2 dvdt = na2p1� e2: (3.5)3. O k�boc tou meg�lou hmi�xona thc troqi�c a e�nai an�logoc proc to tetr�gwno thcperi�dou peristrof�c T tou doruf�rou g�rw ap� th Gh (n = 2�=T e�nai h m�sh k�nhshtou doruf�rou, G h stajer� thc pagk�smiac �lxhc kai M h m�za thc Ghc):n2a3 = GM = �: (3.6)H j�sh tou doruf�rou wc proc to k�ntro thc Ghc prosdior�zetai ap� th gn�sh twn 6stoiqe�wn K�pler thc troqi�c (Keplerian elements). Ta stoiqe�a aut� e�nai:� O meg�loc hmi�xonac thc troqi�c a.



88 H DORUFORIKH ALTIMETRIA� H ekkentr�thta thc troqi�c e.� H kl�sh thc troqi�c I .� H orj� anafor� tou anabib�zontoc shme�ou 
.� To �risma tou perige�ou !.� H m�sh anwmal�a M .Ta stoiqe�a Kepler thc troqi�c en�c doruf�rou apeikon�zontai sto sq�ma 3.15. Periss�terec

Sq�ma 3.15: Ta stoiqe�a Kepler thc troqi�c.plhrofor�ec gia ta stoiqe�a K�pler thc troqi�c en�c s�matoc d�nontai stic anafor�c [50],[76], [89], [88].H jewrhtik� troqi� twn doruf�rwn ephre�zetai ap� diaforetiko�c t�pouc dun�mewn.Katarq�n, h ap�klish thc pragmatik�c Ghc ap� m�a omogen� sfa�ra epif�rei apokl�seic ap�



KEFALAIO 3 89th jewrhtik� troqi�, h opo�a upolog�zetai ap� tic exis�seic thc k�nhshc. Epipl�on, sthd�namh �lxhc thc Ghc prost�jentai kai oi �lxeic thc Sel�nhc kai tou Hl�ou, kaj�c kai twnplhsi�sterwn planht�n, �pwc ep�shc kai oi palirro�k�c dun�meic tou stereo� floio� l�gwthc elastik�thtac thc Ghc kai twn wke�niwn maz�n. Epidr�seic stic troqi�c twn doruf�rwnpro�rqontai kai ap� thn atm�sfaira, thc opo�ac h sumperifor� e�nai pol�plokh exait�actwn metabol�n thc atmosfairik�c pukn�thtac k�tw ap� thn hliak� ep�drash. Ak�mh, hep�drash thc p�eshc thc hliak�c aktinobol�ac sto doruf�ro, t�so h apeuje�ac, �so kai m�swthc anakl�menhc aktinobol�ac (albedo) epif�roun apokl�seic ap� th jewrhtik� doruforik�troqi�. T�loc, pr�pei na efarm�zontai kat�llhlec diorj�seic ap� thn ep�drash twn sqeti-kistik�n fainom�nwn kai thc k�nhshc tou sust�matoc anafor�c.Gia th montelopo�hsh tou aktiniko� sf�lmatoc thc troqi�c en�c doruf�rou apara�ththe�nai h an�lush thc k�nhs�c tou b�sei twn jewri�n prosdiorismo� thc troqi�c. H arijmhtik�olokl�rwsh twn exis�sewn thc k�nhshc, h opo�a akolouje�tai ap� th beltistopo�hsh stonprosdiorism� tou arqiko� dian�smatoc j�shc e�nai h s�gqronh m�jodoc gia ton akrib� pros-diorism� thc troqi�c. Par�la aut�, h sugkekrim�nh m�jodoc den par�qei �mesh plhrofor�agia to aktinik� sf�lma thc troqi�c [76], to opo�o apotele� kai to shmantik�tero sf�lmastic metr�seic twn altimetrik�n doruf�rwn. Gia ton l�go aut�n eis�gontai jewr�seic poubas�zontai se analutik�c sq�seic, �pwc h Jewr�a Grammik�n Diatar�xewn � JGD (Li-near Perturbation Theory), h opo�a parousi�sthke ap� ton Kaula [47] kai oi Exis�seicHill � EH pou d�nontai ap� touc Kaplan [46] kai Colombo [19]. Apodeikn�etai �ti kai oid�o aut�c analutik�c jewr�ec odhgo�n sta �dia apotel�smata, �son afor� ston upologism�tou aktiniko� sf�lmatoc thc troqi�c.Oi parap�nw analutik�c jewr�seic isq�oun me m�a paradoq�: H diataraktik� k�nhsh toudoruf�rou ofe�letai apokleistik� sthn ep�drash tou g�inou ped�ou bar�thtac. 'Hdh ap�th mel�th twn dedom�nwn twn pr�twn altimetrik�n doruf�rwn parathr�jhkan ta gewgra-fik� susqetism�na sf�lmata sthn troqi� [1]. Ta sf�lmata aut� ofe�lontai sthn �lleiyh thcgn�shc tou ped�ou bar�thtac kai ekfr�zontai se sq�sh me touc suntelest�c twn pagk�smiwngewdunamik�n mont�lwn pou qrhsimopoio�ntai gia ton prosdiorism� thc troqi�c. To shman-tik�tero m�roc tou aktiniko� sf�lmatoc thc troqi�c ofe�letai sthn �parxh twn mh monte-lopoihm�nwn gewgrafik� susqetism�nwn sfalm�twn, l�gw thc elleipo�c gn�shc tou ped�oubar�thtac [78], [64]. 'Oso belti�netai h gn�sh gia th dom� tou ped�ou bar�thtac, t�soakrib�sterh g�netai kai h pros�ggish thc troqi�c twn doruf�rwn kai, ant�stoiqa, �soakrib�steroi g�nontai oi m�jodoi parakolo�jhshc twn doruforik�n troqi�n, t�so kal�terocg�netai o prosdiorism�c tou ped�ou. H katan�hsh aut�c thc allhlex�rthshc �qei odhg�seiston periorism� tou aktiniko� sf�lmatoc thc troqi�c sta �ria tou sf�lmatoc twn metr�sewn[54], [6].Gia thn apaloif� tou aktiniko� sf�lmatoc thc troqi�c e�nai apara�thth h an�ptuxh thc�kfrashc tou ped�ou bar�thtac wc sun�rthshc twn stoiqe�wn thc troqi�c. Sth JGD oitroqiak�c diatar�xeic perigr�fontai ap� tic Planhtik�c Exis�seic tou Lagrange (La-grange Planetary Equations). Oi exis�seic aut�c perigr�foun th sumperifor� twn stoiqe�wnK�pler k�tw ap� thn ep�drash en�c sumbatiko� ped�ou dun�mewn R, to opo�o kat�qei �lata qarakthristik� tou g�inou ped�ou bar�thtac. Oi Planhtik�c Exis�seic tou Lagrange pa-rousi�zoun th metabol� twn stoiqe�wn thc troqi�c me to qr�no up� thn ep�drash tou ped�oudun�mewn R. H ap�deixh twn sq�sewn d�netai se �la ta bibl�a our�niac mhqanik�c (bl., p.q.,[76], [47]): dadt = 2na @R@Mdedt = 1� e2na2e @R@M � p1� e2na2e @R@!d!dt = � cos Ina2p1� e2 sin I @R@I + p1� e2na2e @R@e



90 H DORUFORIKH ALTIMETRIAdIdt = cos Ina2p1� e2 sin I @R@! � 1na2p1� e2 sin I @R@
 (3.7)d
dt = 1na2p1� e2 sin I @R@IdMdt = n� 1� e2na2e @R@e � 2na @R@an = r �a3Oi metablht�c twn (3.7) �qoun doje� prohgoum�nwc.E�nai gnwst�, �ti to dunamik� �lxhc thc Ghc e�nai armonik� ekt�c twn g�inwn maz�n kaiikanopoie� thn ex�swsh tou Laplace (bl. kai kef�laio 2) [37]. Epom�nwc, to dunamik� �lxhcmpore� na grafe� sth morf� anapt�gmatoc sfairik�n armonik�n sunart�sewnV (r; �; �) = �ae lmaxXl=0 lXm=0�aer �l+1h �Clm cosm�+ �Slm sinm�i �Plm(sin�); (3.8)�pou r, �, � e�nai oi gewkentrik�c sfairik�c suntetagm�nec, ae e�nai h m�sh g�inh akt�na, �Clmkai �Slm e�nai oi kanonikopoihm�noi suntelest�c tou dunamiko� �lxhc kai �Plm oi ant�stoiqeckanonikopoihm�nec sunart�seic tou Legendre bajmo� l kai t�xhc m [38]. To ped�o �lxhc thcGhc perigr�fetai se �rouc stoiqe�wn K�pler. S�mfwna me ton Kaula [47]:V = lmaxXl=0 lXm=0Vlm;Vlm = �aleal+1 lXp=0 �Flmp(I) 1Xq=�1Glpq(e)S( lmpq); (3.9)S( lmpq) = Alm cos lmpq +Blm sin lmpq ;(Alm; Blm) = � ( �Clm; �Slm); l �m : �rtioc(� �Slm; �Clm); l �m : peritt�c � lmpq = (l � 2p)! + (l � 2p+ q)M +m(
� �);�pou � e�nai h par�metroc peristrof�c thc Ghc (astrik�c qr�noc Greenwich) [47], [88]. (Pe-riss�terec plhrofor�ec sta sust�mata suntetagm�nwn pou qrhsimopoio�ntai d�nontai sticanafor�c [47] kai [7]). O �roc �Flmp(I) antistoiqe� stic kanonikopoihm�nec sunart�seic kl�shckai emfan�zetai sth sq�sh �tan to dunamik� �lxhc metasqhmat�zetai sto epiklin�c troqiak�ep�pedo [70], [36]. Oi kanonikopoihm�nec sunart�seic kl�shc ekfr�zoun thn peristrof� Itou dunamiko� ap� to b�reio p�lo ston p�lo tou epip�dou thc troqi�c [82]. O �roc Glpq(e)antiproswpe�ei tic sunart�seic ekkentr�thtac. Oi sunart�seic aut�c qrhsimopoio�ntai giath metatrop� tou dunamiko� ap� �na k�klo se mia �lleiyh [47] kai emperi�qoun to metasqh-matism� thc alhjo�c anwmal�ac se m�sh anwmal�a kat� m�koc miac elleiptik�c troqi�c [82].H (3.9) sund�ei ta stoiqe�a thc troqi�c en�c doruf�rou me to dunamik� �lxhc tou ped�ou,sto opo�o kine�tai.O sunduasm�c twn (3.7) kai (3.9) odhge� se �xi diaforik�c exis�seic, h l�sh twn opo�wnd�nei tic diataraq�c sta stoiqe�a K�pler l�gw thc g�inhc �lxhc. Wst�so, analutik� �kfrashthc l�shc aut�c e�nai d�skolo na doje�, l�gw thc poluplok�thtac twn (3.7). Gia to l�goaut�n, pragmatopoie�tai h grammikopo�hsh twn sq�sewn se sq�sh me mia onomastik� troqi�anafor�c. To dunamik� thc �lxhc den upolog�zetai kat� m�koc thc pragmatik�c troqi�c,all� kat� m�koc miac ideat�c �lleiyhc, thc onomastik�c troqi�c (nominal orbit), �pwcl�getai. To gegon�c aut� de shma�nei �ti h grammik� je�rhsh mpore� na perigr�yei tic dia-taraq�c m�no sthn onomastik� troqi� [71]. 'Eqei apodeiqje� �ti h GJD mpore� na probl�yeidiatar�xeic kai sth geitoni� thc troqi�c anafor�c (bl., p.q., thn an�ptuxh ap� ton Wa-gner [82]). H onomastik� troqi� mpore� na epileqje� s�mfwna me tic parak�tw diadikas�ec.



KEFALAIO 3 91Katarq�n, to dunamik� �lxhc mpore� na grafe� wc anex�rthto thc metablht�c  . Aut�epitugq�netai gia tic armonik�c z�nhc tou ped�ou [70]:Vl;0 = �aleal+1 �Fl;0;l=2(I)Gl;l=2;0(e) �Cl0 (3.10)�tan to l lamb�nei �rtiec tim�c, m = 0, p = l=2, q = 0. An antikatastajo�n oi par�gwgoitou dunamiko� stic sq�seic (3.7) (�pou R eis�getai to V ), t�te prok�ptei [70]:( _a; _e; _I) = 0( _
; _!; _M) = f(a; e; I) (3.11)Gia ton prosdiorism� thc troqi�c anafor�c qrhsimopoie�tai o megal�teroc �rtioc sunte-lest�c z�nhc tou dunamiko� �lxhc �C20, o opo�oc e�nai per�pou 1000 for�c megal�teroc ap�touc �llouc suntelest�c. Me antikat�stash stic ant�stoiqec sq�seic thc (3.7) isq�ei:d
dt = 3nC20a2e2(1� e2)2a2 cos I;d!dt = 3nC20a2e4(1� e2)2a2 [1� 5 cos2 I ]; (3.12)dMdt = n� 3nC20a2e4(1� e2)3=2a2 [3 cos2 I � 1]Ap� tic parap�nw sq�seic fa�netai h ep�drash tou �rou C20 tou dunamiko� �lxhc sta stoiqe�a
, ! kaiM thc troqi�c. Up�rqei �nac sugkekrim�noc sunduasm�c ekkentr�thtac thc troqi�ckai or�smatoc tou perige�ou (e � 10�3 kai ! = 90o), o opo�oc �qei wc apot�lesma _e = 0kai _! = 0. To e�doc thc sugkekrim�nhc troqi�c, pou sthn agglik� orolog�a apod�detai wc"frozen", �qei wc apot�lesma thn elaqistopo�hsh twn metabol�n tou �youc tou doruf�rou sesq�sh me th m�sh jal�ssia epif�neia. Oi s�gqronoi altimetriko� doruf�roi qrhsimopoio�ntic idi�thtec twn troqi�n aut�n gia thn elaqistopo�hsh twn troqiak�n sfalm�twn. Haxiopo�hsh twn parap�nw troqi�n sthr�zetai sthn efarmog� twn jewri�n tou Cook [20].Periss�tera gia to e�doc twn troqi�n aut�n kai th qr�sh touc sthn altimetr�a d�nontai ap�stic anafor�c [70], [71], [7].Oi diataraq�c pou prokalo�ntai ap� thn ep�drash tou ped�ou �lxhc sta stoiqe�a K�plermporo�n na prosdioristo�n ap� thn olokl�rwsh twn sq�sewn (3.7). H olokl�rwsh wcproc to qr�no mpore� na apofeuqje� me thn antikat�stash ap� thn olokl�rwsh wc proc  ,s�mfwna me thn idi�thta [70]:�E = Z f(t)dt) �E � 1_ Z f( )d ; (3.13)�pou wc E mpore� na sumboliste� �na opoiod�pote stoiqe�o K�pler. S�mfwna me ton Kaulaisq�ei [47]:�a = �alenal+2 _ 2 �FlmpGlpq(l � 2p+ q)Slmpq�e = �alenal+3e _ �FlmpGlpqp1� e2[p1� e2(l � 2p+ q)� (l � 2p)]Slmpq�! = �alenal+3 _ [p1� e2e�1 �FlmpG0lpq � cot(I)(1� e2)�1=2 �F 0lmpGlpq ] �Slmpq�I = �alenal+3p1� e2 sin(I) _ �FlmpGlpq [(l � 2p) cos(I)�m]Slmpq (3.14)�
 = �alenal+3p1� e2 sin(I) _ �F 0lmpGlpq �Slmpq



92 H DORUFORIKH ALTIMETRIA�M = �alenal+3 _ [�(1� e2)e�1G0lpq + 2(l + 1)Glpq ] �Flmp �Slmpq ;�pou �Slmpq = Z �Slmpq( )d (3.15)kai G0lpq = @Glpq=@e (3.16)�F 0lmp = @ �Flmp=@I: (3.17)Oi exis�seic (3.14) parousi�zoun tic m�gistec tim�c touc se qarakthristik�c tim�c thc me-tablht�c _ . An�loga me tic tim�c thc metablht�c diakr�nontai treic basik�c suqn�thtec:� M�a qarakthristik� suqn�thta en�c k�klou an� peristrof� (once per revolution) ( _!+_M) = _!o.� Mia hmer�sia suqn�thta ( _
� _�) = _!e.� Mia suqn�thta _!.Sumperasmatik�, oi sq�seic (3.14) parousi�zoun tic metabol�c twn stoiqe�wn K�plerse sq�sh me to bajm� kai thn t�xh an�ptuxhc tou pagk�smiou gewdunamiko� mont�lou pouqrhsimopoie�tai kai th metablht� _ pou d�nei thn plhrofor�a qr�nou thc troqi�c. Ta pa-rap�nw parousi�sthkan diexodik�, giat� ta troqiak� sf�lmata pou endiaf�roun thn alti-metr�a ofe�lontai ousiastik� stic diatar�xeic twn stoiqe�wn thc troqi�c tou doruf�rou.To aktinik� sf�lma se troqi�c doruf�rwn sqed�n kuklik�c d�netai wc ex�c:r = a(1� e cosE) (3.18)Akolouj�ntac thn an�lush tou Wagner [82] isq�ei:r = a[1� e cosM � (e2=2)(cos 2M � 1) +O(e3)]; (3.19)�pou o �roc O(e3) sumbol�zei �rouc thc t�xhc e3. Gia mikr�c tim�c thc ekkentr�thtac e (aut�isq�ei stic periss�terec altimetrik�c apostol�c, bl. en�thta 3.2) to aktinik� sf�lma thctroqi�c gr�fetai se sq�sh me th m�sh anwmal�a M :r = a[1� e cosM ] (3.20)Grammikopoi�ntac thn parap�nw sq�sh kat� Taylor kai diathr�ntac m�no touc �rouc pr�thct�xhc prok�ptei: �r � �a� (a�e+ e�a) cosM + ae�M sinM: (3.21)Antikajist�ntac tic sq�seic (3.14) sthn prohgo�menh sq�sh tou aktiniko� troqiako� sf�l-matoc isq�ei [82], [70]:�r(t) = lmaxXm=0 k=lmaxXk=�lmax[Akm cos _ t+Bkm sin _ t] (3.22)(Akm; Bkm) = lmaxXl=mHlmk � �Clm �Slm� �Slm �Clm �eo cos 0 + � �Slm � �Clm�Clm �Slm �eo sin 0!Hlmk = �(ae=a0)ln20a20 �Flm(l�k)=2(I0)h�(l + 1)� 2k�(�2 � 1) i� = _ =n0 0 = k(!0 +M0) +m(
0 � �0)_ = k( _! + _M) +m( _
� _�)



KEFALAIO 3 93�pou e (even) h l�sh gia �rtio l�m kai o (odd)gia peritt� l �m.H (3.22) apotele� thn telik� ex�swsh thc diadikas�ac. H ex�swsh aut� sund�ei to akti-nik� sf�lma thc troqi�c me touc suntelest�c tou pagk�smiou gewdunamiko� mont�lou. Hdiadikas�a e�reshc thc sq�shc xek�nhse ap� th JGD, �pwc perigr�fetai ap� tic Planhtik�cExis�seic tou Lagrange. Ta sust�mata anafor�c pou qrhsimopoi�jhkan e�nai gewkentrik�kai h �lh je�rhsh sthr�zetai sthn ex�tash thc ep�drashc tou ped�ou �lxhc sta stoiqe�aK�pler thc troqi�c. Sthn sun�qeia, h s�ndesh twn diatar�xewn twn stoiqe�wn K�pler meto aktinik� sf�lma pragmatopoie�tai m�sw thc (3.18).Apodeikn�etai, �ti akrib�c sto �dio apot�lesma katal�gei kai h apeuje�ac pros�ggishtwn exis�sewn thc k�nhshc tou doruf�rou, me th bo�jeia twn EH [46], [18], [71], [7]. Oi EHperigr�foun thn k�nhsh tou doruf�rou wc proc �na s�sthma anafor�c kino�meno ep� thc ono-mastik�c troqi�c tou. H an�ptuxh thc jewr�ac twn EH kai oi telik�c sq�seic s�ndeshc touaktiniko� troqiako� sf�lmatoc me touc gewdunamiko�c suntelest�c parousi�zetai oloklh-rwm�na ap� ton Schrama [70]. Mia basik� diafor� diaqwr�zei tic d�o prosegg�seic. S�mfwname ton Schrama: {Oi Planhtik�c Exis�seic tou Lagrange e�nai diaforik�c exis�seic kai�qoun wc apot�lesma thn pros�ggish twn exis�sewn diat�raxhc met� ap� kat�llhlhgrammikopo�hsh se sq�sh me thn troqi� anafor�c. Oi EH parist�noun thn troqi�anafor�c se sfairik� pros�ggish kai parousi�zoun akribe�c l�seic twn diaforik�nexis�sewn pou prok�ptoun.}Mia pio genik� �kfrash tou aktiniko� sf�lmatoc thc troqi�c parousi�zetai stic anafor�c[78], [64], [7]. H �kfrash aut� sthr�zetai sth genik�terh an�ptuxh twn diatar�xewn twntroqiak�n stoiqei�n K�pler, �pwc d�netai ap� ton Kaula [47]:�� = 1Xl=1 lXm=0 lXp=0 1Xq=�1��lmpq ; (3.23)�pou to � mpore� na antikatastaje� me opoiod�pote ap� ta �xi troqiak� stoiqe�a. Met�ap� arket�c antikatast�seic kai pr�xeic, h telik� genik� sq�sh tou aktiniko� troqiako�sf�lmatoc d�netai wc ex�c [82], [7]:�r = 1Xl=1 lXm=0 lXp=0 1Xq=�1CrlmpqSlmpq ; (3.24)�pou Crlmpq kai Slmpq e�nai sunart�seic twn suntelest�n tou ped�ou bar�thtac Clm kaiSlm, ant�stoiqa, twn stoiqe�wn K�pler thc troqi�c kai twn sunart�sewn kl�shc kai ek-kentr�thtac. H morf� twn sunart�sewn aut�n perigr�fetai analutik� ap� touc Tapley andRosborough [78] kai Balmino [7]. H genik�terh an�lush bohj� sth mel�th tou troqiako�sf�lmatoc se sq�sh me to bajm� kai thn t�xh an�ptuxhc tou gewdunamiko� mont�lou. Pa-rade�gmata t�toiou e�douc an�lushc d�nontai stic anafor�c [78] kai [7].To sf�lma ston prosdiorism� thc troqi�c tou doruf�rou apot�lei to shmantik�teroperiorism� sth mel�th twn fainom�nwn meg�lou m�kouc k�matoc, �pwc e�nai h genik�terhmel�th thc wke�niac kuklofor�ac. Poll�c teqnik�c anapt�qjhkan gia thn antimet�pish touaktiniko� sf�lmatoc thc troqi�c, oi opo�ec ja anaferjo�n analutik�tera sthn en�thta thcsun�rjwshc twn altimetrik�n parathr�sewn. Oi teqnik�c aut�c bas�zontai sth mel�th twnshme�wn tom�c thc doruforik�c troqi�c kai e�nai gnwst�c wc teqnik�c sun�rjwshc tom�n(crossover adjustments). S�mfwna me tic teqnik�c aut�c, ta altimetrik� dedom�na stic tom�ctwn iqn�n twn troqi�n afairo�ntai, me tr�po �ste to koin� sf�lma ston upologism� tougeweido�c, �pwc kai di�fora �lla sf�lmata na elaqistopoio�ntai. 'Ena basik� pr�blhmaaut�c thc diadikas�ac e�nai to gegon�c �ti oi diafor�c stic tom�c mpore� na apomakr�noun�na m�roc m�no tou sunoliko� troqiako� sf�lmatoc, to metablht� m�roc metax� twn d�otroqi�n. 'Etsi, sthn per�ptwsh pou �na m�roc tou aktiniko� troqiako� sf�lmatoc e�naikoin�, t�so sthn anabib�zousa troqi�, �so kai sthn katabib�zousa t�te to koin� m�rocapale�fetai me thn afa�resh. To apot�lesma thc elaqistopo�hshc twn diafor�n sta shme�a



94 H DORUFORIKH ALTIMETRIAtom�c e�nai diorjwm�nec parathr�seic, oi opo�ec de�qnoun megal�terh sunoq� kai oi opo�ec,�mwc, ja peri�qoun to topik� susqetism�no m�roc tou troqiako� sf�lmatoc [78]. Sumpe-rasmatik�, ta sf�lmata sto gewdunamik� mont�lo dhmiourgo�n gewgrafik� susqetism�natroqiak� sf�lmata, ta opo�a den aniqne�ontai ap� tic sun�jeic teqnik�c elaqistopo�hshc twndiafor�n stic tom�c twn anabibaz�ntwn kai katabibaz�ntwn iqn�n twn troqi�n. Th gewgra-fik� susq�tish twn aktinik�n troqiak�n sfalm�twn �deixan me mia mel�th prosomo�wshc oiAnderle and Hoskin [1]. Mia periss�tero leptomer�c mel�th thc susq�tishc tou m�sou akti-niko� troqiako� sf�lmatoc me to sf�lma sto mont�lo tou geweido�c parousi�zetai ap� toucTapley and Rosborough [78]. Ta gewgrafik� susqetism�na sf�lmata exart�ntai �mesa ap�ta sf�lmata ston prosdiorism� twn suntelest�n tou pagk�smiou gewdunamiko� mont�loukai e�nai dunat� na elaqistopoihjo�n m�no me thn egkat�stash ikano� arijmo� kat�llhladiatetagm�nwn stajm�n parakolo�jhshc doruf�rwn gia th beltistopo�hsh ston prosdio-rism� twn suntelest�n tou ped�ou bar�thtac. H belt�wsh twn gewdunamik�n mont�lwnsumb�llei ston periorism� twn gewgrafik� susqetism�nwn troqiak�n sfalm�twn. 'Hdhme th dhmos�eush twn suntelest�n tou mont�lou Joint Gravity Model 3 { JGM-3 [79], oiupe�junec uphres�ec epexergas�ac twn altimetrik�n dedom�nwn di�rjwsan tic efhmer�dectwn troqi�n twn doruf�rwn lamb�nontac ta beltiwm�na apotel�smata tou n�ou mont�lou.Qarakthristik� par�deigma e�nai h epan�kdosh twn dedom�nwn tou Geosat me diorjwm�necefhmer�dec ap� to JGM-3 [35]. H belt�wsh sth m�sh tetragwnik� tim� twn troqiak�nsfalm�twn e�nai shmantik�. Ax�zei na shmeiwje� pwc to m�so tetragwnik� sf�lma thctroqi�c tou T/P e�nai thc t�xhc twn 3-5 ekatost�n [54], [5], [6], en� gia ton Jason-1 up�rqeih pr�bleyh tou 1 ekatosto�!3.5 Proepexergas�a altimetrik�n dedom�nwn3.5.1 Sullog� kai diajesim�thtaTa dedom�na thc altimetr�ac sull�gontai stouc doruf�rouc kai metad�dontai stouc ep�geioucstajmo�c parakolo�jhshc. Oi epexergas�ec pou akoloujo�ntai gia thn telik� paragwg� twnpro��ntwn se yhfiak� morf� kathgoriopoio�ntai se treic f�seic:1. To pr�to b�ma sqet�zetai me th diadikas�a metatrop�c twn akat�rgastwn dedom�nwnpou sull�gontai sto doruf�ro se morf� anagn�simh, me qarakthristik� epis�manshthc qronik�c peri�dou twn metr�sewn kai th di�rjwsh l�gw twn sfalm�twn tou or-g�nou. H diadikas�a aut� �qei di�rkeia per�pou d�o ebdom�dwn met� th l�yh twndedom�nwn ap� ta k�ntra parakolo�jhshc.2. Sto de�tero st�dio ta altimetrik� dedom�na apojhke�ontai se yhfiak� morf�, �qontac�mwc mia proseggistik� plhrofor�a gia tic efhmer�dec thc troqi�c kai metaf�rontaise eidik�c uphres�ec gia ton prosdiorism� thc akribo�c efhmer�dac thc troqi�c.3. Sto tr�to st�dio, me ton prosdiorism� thc akribo�c troqi�c, ta dedom�na up�keintaise mia epipl�on epexergas�a kai dioqete�ontai sthn episthmonik� koin�thta se yh-fiak� morf�. Ta telik� pro��nta onom�zontai Eggraf�c Gewfusik�n Dedom�nwn(Geophysical Data Records { GDRs.Ta tr�a st�dia thc parap�nw diadikas�ac fa�nontai sto sq�ma 3.16. An�loga me thn uph-res�a epexergas�ac twn dedom�nwn h di�rkeia twn endiam�swn stad�wn poik�llei. Ep�shc, tadiaj�sima pro��nta stouc qr�stec �qoun diaforetik�c morf�c. H an�gkh gia dedom�na alti-metr�ac se sqed�n-pragmatik� qr�no �jhse tic uphres�ec se b�ltistec, ap� qronik� �poyh,diadikas�ec epexergas�ac. 'Etsi, gia ton T/P, ekt�c ap� tic telik�c Eggraf�c Gewfusik�nDedom�nwn, diat�jentai kai oi Proswrin�c Eggraf�c Gewfusik�n Dedom�nwn (InterimGDRs { IGDRs), oi opo�ec e�nai diaj�simec d�o m�rec met� th diadikas�a m�trhshc. Aut� taproswrin� dedom�na den peri�qoun thn akrib� efhmer�da thc doruforik�c troqi�c, h opo�a
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Sq�ma 3.16: Ta st�dia thc proepexergas�ac twn altimetrik�n parathr�sewn (CERSAT).upolog�zetai kai parousi�zetai d�o m�nec per�pou met� ap� th qronik� stigm� thc m�trhshc.T�loc, m�a for� to qr�no diat�jentai ta diorjwm�na dedom�na s�mfwna me �lec tic atmo-sfairik�c, wke�niec kai troqiak�c epidr�seic dedom�na. Ta dedom�na aut� prok�ptoun met�th di�rjwsh (editing) kai thn axiol�ghsh (validation) twn arqik�n dedom�nwn me th qr�shkat�llhlwn krithr�wn kai th sun�rjwsh gia ton periorism� twn troqiak�n sfalm�twn. Pe-riss�terec plhrofor�ec gia thn axiol�ghsh twn altimetrik�n dedom�nwn kai th diadikas�akai tic teqnik�c sun�rjwshc d�nontai stic ep�menec en�thtec.3.5.2 Di�rjwsh-axiol�ghsh twn altimetrik�n dedom�nwnH poluplok�thta tou fusiko� perib�llontoc twn altimetrik�n metr�sewn kajist� apara�th-th thn proepexergas�a twn parathr�sewn kai thn apom�krunsh twn dedom�nwn eke�nwn poujewro�ntai �popta gia thn eisagwg� qondroeid�n kai susthmatik�n sfalm�twn. Gia thnapom�krunsh twn problhmatik�n metr�sewn exet�zontai di�foroi par�gontec, t�so tou fu-siko� perib�llontoc, �so kai tou mhqaniko�-hlektroniko� sust�matoc tou org�nou. Oi dia-dikas�ec kai ta �ria twn diorj�sewn poik�lloun an�loga me tic efarmog�c twn altimetrik�nparathr�sewn, all� kai thn uphres�a pou analamb�nei thn axiol�ghsh twn dedom�nwn. Oidiorj�seic kai ta �ri� touc poik�lloun an�loga kai me th doruforik� apostol�. Oi pr�tecdoruforik�c apostol�c, l�gw thc periorism�nhc gn�shc gia ton t�po twn diorj�sewn pa-rous�azan arket� susthmatik� kai qondroeid� sf�lmata. Sto gegon�c aut� kai sto olo�naauxan�meno ep�pedo twn gn�sewn gia th diadikas�a twn metr�sewn ofe�lontai kai oi su-neqe�c anajewr�seic twn arqik�n doruforik�n dedom�nwn. Oi sun�jeic par�gontec kai taant�stoiqa �ria pou exet�zontai anaf�rontai sth sun�qeia:� Katarq�n, apomakr�nontai �lec oi metr�seic pou anaf�rontai se hpeirwtik�c perioq�c.H apom�krunsh twn metr�sewn aut�n sthr�zetai sto qarakthrism� touc stic Eg-graf�c Gewfusik�n Dedom�nwn wc mh wke�niwn ekt�sewn. O entopism�c g�netai meth bo�jeia miac pagk�smiac k�luyhc aktogramm�n (m�skac) [16]. Apomakr�nontaiak�ma kai oi metr�seic se b�jh mikr�tera en�c or�ou (p.q., bl�pe qarakthrismo�c sthsel�da tou diadikt�ou pou anaf�retai sthn epexergas�a twn altimetrik�n metr�sewnsto K�ntro Diasthmik�n Pt�sewn Goddard thc NASA:http://neptune.gsfc.nasa.gov/ocean.html).H �parxh xhr�c � p�gwn mpore� na diagnwste� ap� meg�lec aiqm�c stic tim�c twnuyom�trwn thc jal�ssiac epif�neiac, dhlad� ap� xafnik�c uyhl�c tim�c, oi opo�ecofe�lontai se sumptwmatik�c anakl�seic thc metrhtik�c d�smhc se hpeirwtik�c ekt�seic� p�gouc [70].



96 H DORUFORIKH ALTIMETRIA� Sth sun�qeia, apomakr�nontai oi eggraf�c, oi opo�ec den peri�qoun tim�c tou �youcthc st�jmhc thc j�lassac � tim�c diorj�sewn l�gw twn palirroi�n. Ep�shc, tim�c mhrealistik�c (pol� meg�lou � pol� mikro� meg�jouc) apomakr�nontai ap� ta dedom�na.� Oi tim�c twn metr�sewn tou �youc thc st�jmhc thc j�lassac parousi�zontai sticEggraf�c Gewfusik�n Dedom�nwn an� �na deuter�lepto. O rujm�c twn prwtogen�nmetr�sewn e�nai 10 (TOPEX) � kai 20 (POSEIDON) for�c megal�teroc. H telik�m�trhsh e�nai o m�soc �roc twn prwtogen�n metr�sewn. 'Otan o arijm�c twn prwto-gen�n parathr�sewn den e�nai ikan�c �ste na prok�yei �nac antiproswpeutik�c m�soc�roc (p.q., periss�terec ap� 5 metr�seic gia to TOPEX kai periss�terec ap� 10 me15 metr�seic gia to POSEIDON [54]), t�te h sugkekrim�nh qronik� stigm� tou deute-rol�ptou parak�mptetai. Ak�mh, exet�zetai h tim� tou m�sou tetragwniko� sf�lmatoctwn m�swn �rwn kai, an xepern� k�poio �rio (p.q., ta d�ka ekatost� sthn per�ptwshtou Geosat [21]) � parousi�zei mhdenik� tim�, h m�trhsh aporr�ptetai.� Akolo�jwc exet�zontai ta qarakthristik� tou hlektroniko� s�matoc pou epistr�feim�sw tou suntelest� tou Aut�matou El�gqou K�rdouc (Automatic Gain Con-trol { AGC) kai thc tupik�c ap�klishc twn suqnot�twn ekpomp�c (suntelest�c dia-spor�c � Sigma naught). Uyhl�c tim�c twn suntelest�n aut�n (p.q., megal�terectwn 30�36 dB) qarakthr�zoun mh wke�niec metr�seic kai ofe�lontai sun�jwc se pa-gwm�nec ekt�seic (allo�wsh twn fasmatik�n idiot�twn tou s�matoc epistrof�c [5]).Exet�zontai ep�shc oi tupik�c apokl�seic twn suntelest�n kai apomakr�nontai metr�-seic me meg�lh diaspor� (p.q., megal�terh twn 0.25 dB [21]).� Exet�zontai oi tim�c tou shmantiko� �youc k�matoc. Metr�seic me tim�c uy�n k�matockai tim�c thc ap�klishc pol� meg�lec apomakr�nontai wc �poptec gia qondroeid�sf�lmata. Mhdenik�c tim�c tou shmantiko� �yoc k�matoc ofe�lontai se anakl�seicse pagwm�nec epif�neiec, eidik�tera �tan pr�keitai gia gewgrafik� pl�th megal�teratwn 65� kai mikr�tera twn �55� [70].� T�loc, sta di�fora egqeir�dia qr�shc twn altimetrik�n dedom�nwn parousi�zontaiepipl�on tim�c twn or�wn ap�rriyhc twn parathr�sewn gia tic di�forec atmosfai-rik�c, gewfusik�c kai wkeanografik�c diorj�seic pou efarm�zontai stic prwtogene�cmetr�seic.Periss�terec leptom�reiec gia tic diorj�seic kai ta �ria ap�rriyhc twn prwtogen�n para-thr�sewn d�nontai sta egqeir�dia qr�shc twn Eggraf�n Gewfusik�n Dedom�nwn [35], [27],[5], kaj�c ep�shc kai stic epim�rouc diadikas�ec kai sunorj�seic, �pwc parousi�zontai sticanafor�c [26], [65], [23], [24], [25], [70], [21].Ap� thn an�lush twn parap�nw diorj�sewn prok�ptei to z�thma tou arijmo� twn telik�nqr�simwn parathr�sewn. H epilog� thc apom�krunshc arket�n parathr�sewn pro�rqetaiap� to meg�lo pl�joc twn altimetrik�n dedom�nwn. Arke� na anaferje� �ti oi treic m�necleitourg�ac tou Geos3 pare�qan sthn episthmonik� koin�thta �na ter�stio �gko dedom�nwn,ta opo�a den e�qan sull�xei oi ep�geiec wkeanografik�c apostol�c ta prohgo�mena ekat�qr�nia. B�baia, h apom�krunsh twn metr�sewn den xepern� sun�jwc to 10 � 12% tou suno-liko� arijmo� twn prwtogen�n metr�sewn [70], [21].H axiol�ghsh twn altimetrik�n dedom�nwn sqet�zetai me th s�gkrish twn diorjwm�nwnmetr�sewn me plhrofor�ec ap� �llec phg�c. T�toiec plhrofor�ec lamb�nontai, p.q., ap�sugkr�seic me palirroiogr�fouc egkatesthm�nouc se wke�nia nhsi�. E�nai genik�tera apo-dekt� �ti ta wke�nia nhsi�, kai eidik�tera ta mikro� meg�jouc, e�nai antiproswpeutik�teratwn sunjhk�n pou epikrato�n stouc anoikto�c wkeano�c exait�ac thc �lleiyhc twn hpeirw-tik�n ekt�sewn kai twn ant�stoiqwn sunoriak�n fainom�nwn pou prokalo�n [59]. Ta altime-trik� dedom�na pou qrhsimopoio�ntai �qoun diorjwje� ap� �lec tic atmosfairik�c, wke�nieckai hlektronik�c epidr�seic, �pwc ep�shc kai ap� thn ep�drash tou aktiniko� sf�lmatoctroqi�c, �pwc ja parousiaste� sthn en�thta thc altimetrik�c sun�rjwshc. H axiol�ghsh twn



KEFALAIO 3 97altimetrik�n dedom�nwn �labe n�a �jhsh me thn �narxh tou Peir�matoc gia thn Pagk�smiaWke�nia Kuklofor�a (World Ocean Circulation Experiment { WOCE) [85], to opo�o pragma-topoie�tai sta pla�sia tou Progr�mmatoc gia thn 'Ereuna tou Pagk�smiou Kl�matoc (WorldClimate Research Programme { WCRP) [86] up� thn aig�da thc UNESCO. S�mfwna me ticarq�c tou progr�mmatoc sull�gontai pagkosm�wc wkeanografik� dedom�na kai sunton�zetaih suneq�c epexergas�a touc kai taqe�a diajesim�tht� touc sthn episthmonik� koin�thta [58].Me aut�n ton tr�po, metr�seic palirroiogr�fwn diat�jentai sqed�n taut�qrona me ta alti-metrik� dedom�na gia thn �mesh s�gkrish kai axiol�ghsh. Mia anadrom� twn sugkr�sewnperigr�fetai ap� touc Mitchum and Kilonsky [60], en� h axiol�ghsh twn pr�twn k�klwntou T/P parousi�zetai ap� ton Mitchum [59]. Mia genik�terh anafor� stic pagk�smiecsugkr�seic altimetrik�n uy�n thc j�lassac me palirroiografik� dedom�na d�netai ap� tonTokmakian [80]. Sugkr�seic t�toiou t�pou parousi�zontai sta sq�mata pou akoloujo�n.

Sq�ma 3.17: M�so tetragwnik� sf�lma twn diafor�n thc jal�ssiac st�jmhc, �pwc upo-log�zetai ap� ta dedom�na tou T/P kai metr�seic palirroiogr�fwn (NASA/GSFC OceanPath�nder Project).Par�moiec sugkr�seic gia thn perioq� thc Mesoge�ou d�nontai ap� touc Fenoglio and Gro-ten [30], �pou kai parousi�zetai mia m�jodoc sunduasmo� twn eterogen�n dedom�nwn giaton prosdiorism� thc m�shc jal�ssiac st�jmhc. Ep�shc, h s�gkrish twn gewdaitik�n de-dom�nwn tou Geosat me touc palirro�ko�c stajmo�c tou Aiga�ou pel�gouc parousi�zetai ap�touc Andritsanos et al [2].3.6 H sun�rjwsh twn altimetrik�n dedom�nwnTa altimetrik� dedom�na, afo� diorjwjo�n ap� �lec tic gewfusik�c param�trouc pou proa-naf�rjhkan kai afo� per�soun ta krit�ria tou el�gqou gia thn �parxh qondroeid�n sfal-m�twn, eis�gontai sth diadikas�a thc sun�rjwshc. H sun�rjwsh �qei wc prwtarqik� skop�thn elaqistopo�hsh tou shmantik�terou sf�lmatoc pou ephre�zei tic metr�seic, tou aktiniko�troqiako� sf�lmatoc. Sthn per�ptwsh pou den endiaf�rei h ep�drash thc wke�niac metabol�c
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Sq�ma 3.18: M�so tetragwnik� sf�lma twn diafor�n thc jal�ssiac st�jmhc, �pwc upo-log�zetai ap� ta dedom�na tou ERS2 kai metr�seic palirroiogr�fwn (NASA/GSFC OceanPath�nder Project).thc st�jmhc kai qrhsimopoio�ntai dedom�na ap� epanalamban�menec troqi�c (ERM), t�te hsuggramik� epexergas�a (collinear analysis) prohge�tai thc sun�rjwshc.3.6.1 Suggramik� epexergas�a twn parathr�sewnH suggramik� epexergas�a efarm�zetai sthn per�ptwsh twn akrib�c epanalamban�menwnaltimetrik�n metr�sewn (ERM). Skop�c thc epexergas�ac e�nai h an�ptuxh miac seir�c de-dom�nwn, h opo�a ex�getai m�sa ap� mia diadikas�a m�swn tim�n. O upologism�c twn m�swnuy�n thc st�jmhc thc j�lassac gia mia orism�nh qronik� per�odo apod�detai sth diejn�bibliograf�a me ton �ro enopo�hsh (stacking) kai pragmatopoie�tai m�sw thc suggramik�can�lushc gia k�je epanalamban�mena �qnh troqi�n wc ex�c [48]:a) Upolog�zetai mia qronik� stigm� anafor�c gia k�je �na ap� ta suggramik� �qnh,�tsi �ste parathr�seic me touc �diouc sqetiko�c qr�nouc na jewro�ntai gewgrafik�is�topec.b) Upolog�zontai me parembol� oi gewgrafik�c suntetagm�nec pou anaf�rontai stic ant�-stoiqec qronik�c peri�douc.g) Ta suggramik� �qnh twn troqi�n enopoio�ntai se mia diadikas�a sun�rjwshc, h opo�aelaqistopoie� tic diafor�c sta �yh twn diaforetik�n troqi�n upolog�zontac sunte-lest�c gia hmitonoeide�c kai sunhmitonoeide�c �rouc gia k�je �qnoc. H enopo�hshaut� pragmatopoie�tai gia thn apom�krunsh twn meg�lwn diafor�n metax� twn iqn�n.To b�ma aut� e�nai shmantik�, giat� apomakr�nontai oi meg�lec diafor�c metax� twnanex�rthtwn troqi�n, oi opo�ec ephre�zoun ton upologism� twn m�swn uy�n thc ja-l�ssiac epif�neiac.



KEFALAIO 3 99d) Upolog�zontai oi m�sec tim�c twn uy�n sta sugkekrim�na shme�a.H diadikas�a thc enopo�hshc twn epanalamban�menwn dedom�nwn odhge� sth dhmiourg�am�swn tim�n tou �youc thc jal�ssiac epif�neiac sth qronik� per�odo pou g�netai h mel�th.Oi metabol�c thc epif�neiac den lamb�nontai up�yh kai gia to l�go aut�n ta enopoihm�nadedom�na de qrhsimopoio�ntai gia mel�tec parakolo�jhshc twn metabol�n thc jal�ssiacepif�neiac, all� bohjo�n ston prosdiorism� twn st�simwn epifanei�n tou geweido�c kai thcm�shc jal�ssiac topograf�ac. Shmei�netai �ti sthn per�ptwsh twn kajar� gewdaitik�napostol�n, l�gw thc �lleiyhc epanalhptik�thtac sthn troqi�, to st�dio thc suggrammik�cepexergas�ac twn metr�sewn parak�mptetai.3.6.2 Sun�rjwsh stic tom�c twn troqiak�n iqn�nTo kur�arqo m�roc tou aktiniko� troqiako� sf�lmatoc den �qei apomakrunje� ap� tic me-tr�seic ak�mh kai met� thn efarmog� thc suggramik�c an�lushc. Gia thn elaqistopo�hshtou sf�lmatoc auto� efarm�zetai h teqnik� thc sun�rjwshc stic tom�c twn troqiak�niqn�n (crossover adjustment or crossing arc adjustment). H diadikas�a afor� sthn elaqi-stopo�hsh twn diafor�n twn metr�sewn stic tom�c twn anabibaz�ntwn kai katabibaz�ntwniqn�n twn troqi�n. Ta e�dh thc sun�rjwshc pou akoloujo�ntai poik�lloun anal�gwc meta m�kh twn t�xwn pou exet�zontai, thn upologistik� dunat�thta pou diat�jetai kai ticefarmog�c, gia tic opo�ec qrhsimopoio�ntai ta ant�stoiqa dedom�na.Epilog� twn diafor�n stic troqiak�c tom�cO l�goc thc epilog�c twn diafor�n stic tom�c twn troqiak�n iqn�n se sq�sh me tic ar-qik�c metr�seic sqet�zetai me th diadikas�a elaqistopo�hshc tou troqiako� sf�lmatoc. Oidiafor�c stic troqiak�c tom�c den peri�qoun to st�simo s�ma twn apoq�n tou geweido�c,o�te kai to s�ma thc per�pou st�simhc jal�ssiac topograf�ac. Epom�nwc, oi diafor�c pouprok�ptoun ofe�lontai kat� pr�to l�go sthn �parxh tou aktiniko� troqiako� sf�lmatoc kaikat� de�tero l�go se tuq�nta mh montelopoihm�na palirro�k� fain�mena kai sth wke�niametabol� thc jal�ssiac st�jmhc.Gia ton upologism� twn gewgrafik�n suntetagm�nwn twn tom�n akolouje�tai katarq�nmia diadikas�a pr�gnwshc me dedom�nec tic qronik�c stigm�c pragmatopo�hshc twn metr�sewn[70]. H pr�gnwsh sthr�zetai sthn katarq�n apodoq� thc kuklik�c onomastik�c troqi�ctou doruf�rou. H onomastik� troqi� tou doruf�rou kai ta qarakthristik� thc stoiqe�afa�nontai sto sq�ma 3.19. 'Opwc apodeikn�etai sthn en�thta 3.4.5, h kl�sh thc troqi�c I
w

e

w o

r

y

x

z

I

Sq�ma 3.19: Ta qarakthristik� stoiqe�a thc onomastik�c troqi�c en�c doruf�rou.



100 H DORUFORIKH ALTIMETRIAe�nai stajer�, en� h metablht� !o = !+M kai h !e = 
+� e�nai grammik�c sunart�seic touqr�nou. Ap� to sq�ma 3.19, oi suntetagm�nec tou doruf�rou se �na gewkentrik� s�sthmaanafor�c d�nontai ap� thn: �xe = R3(�!e)R1(�I)24 r cos!or sin!o0 35 ; (3.25)�pou to �xe e�nai to di�nusma j�shc sto gewkentrik� s�sthma anafor�c kai R1, R3 e�naioi p�nakec strof�c Euler g�rw ap� ton x kai z �xona ant�stoiqa. Sth per�ptwsh aut�upot�jetai h ta�tish tou �xona z tou adraneiako� sust�matoc anafor�c me ton �xona z tougewkentriko� sust�matoc. Anal�ontac thn (3.25) prok�ptei:24 xyz 35 = r 24 cos!e cos!o � sin!e cos I sin!osin!e cos!o + cos!e cos I sin!osin I sin!o 35 : (3.26)H (3.26) par�qei akrib� apotel�smata thc t�xhc twn �10 qiliom�trwn se sq�sh me thn akrib�troqi�. Upenjum�zetai �ti to �qnoc tou doruforiko� palmo� e�nai thc t�xhc twn 2.5 me 12qiliom�trwn kai h tim� tou �youc thc stigmia�ac jal�ssiac st�jmhc upolog�zetai ap� tom�so �ro tou anakl�menou s�matoc sthn perioq�. Ak�ma h deigmatik� taq�thta metr�sewniso�tai me �na deuter�lepto, qronik� di�rkeia pou antistoiqe� se diakritik� ikan�thta 7qiliom�trwn kat� m�koc tou troqiako� �qnouc. Epom�nwc h akr�beia twn 10 qiliom�trwn thc(3.26) mpore� na qarakthriste� wc anekt� gia ton arqik� upologism� twn shme�wn tom�n.Epipl�on, mel�tec prosomo�wshc apodeikn�oun �ti �tan lhfjo�n up�yh h ekkentr�thta kaita fain�mena l�gw tou par�gonta epipl�tunshc J2 tou kanoniko� dunamiko� bar�thtac, hakr�beia prosegg�zei thn tim� twn �100 m�trwn [64]. Gia ton prosdiorism� thc gewgrafik�cj�shc twn troqiak�n tom�n akolouje�tai katarq�n h parak�tw diadikas�a [70]:! Anagnwr�zontai oi diab�seic (passes) thc doruforik�c troqi�c. M�a di�bash xekin�ap� to qamhl�tero pl�toc kai telei�nei sto uyhl�tero pl�toc. Sth sugkekrim�nhper�ptwsh pr�keitai gia anabib�zousa di�bash (ascendind pass-arc). Sthn akrib�cant�jeth per�ptwsh pr�keitai gia katabib�zousa di�bash (descending pass-arc).! Ap� th m�sh per�odo peristrof�c tou doruf�rou T kai thn ap�stash d�o diadoqik�ntroqiak�n iqn�n kat� m�koc tou ishmerino� �� (stoiqe�a qarakthristik� gia k�jedoruf�ro) upolog�zontai oi �roi _!e kai _!o s�mfwna me:_!o = _! + _M = 2�T (3.27)_!e = _
 + _� = ��180 �T : (3.28)! Gia to s�nolo twn anabibazous�n kai katabibazous�n diab�sewn efarm�zetai h (3.26)kai upolog�zontai �na shme�o tom�c kai d�o qronik�c per�odoi, �pwc fa�netai sto sq�ma3.20. Sunolik�, Na � Nd shme�a tom�c upolog�zontai, �tan Na e�nai o arijm�c twnanabibazous�n diab�sewn kai Nd o arijm�c twn katabibazous�n diab�sewn (bl. kaian�lush ap� ton Rummel [67]).Apodeikn�ontai gia ta shme�a twn troqiak�n tom�n pou upolog�zontai oi idi�thtec thc an-tisummetrik�thtac twn sqetik�n qronik�n stigm�n ap� th di�bash tou ishmerino� (�ta =��td, bl. sq�ma 3.20), thc ex�rthshc twn sqetik�n diafor�n qr�nou ap� to gewgra-fik� pl�toc kai tou upologismo� twn qronik�n diafor�n m�sw thc �� = �a�=0 � �d�=0,h opo�a anaf�retai sth diafor� twn gewgrafik�n mhk�n twn perasm�twn ston ishmerin�.Stic parap�nw sq�seic, all� kai sth sun�qeia, o ekj�thc a anaf�retai stic anabib�zousecdiab�seic kai o ekj�thc d stic katabib�zousec. Gia ton upologism� twn qronik�n diafor�n
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Sq�ma 3.20: Upologism�c twn qronik�n metablht�n sta shme�a tom�c twn troqiak�n iqn�n(sq�ma ap� [70]).ap� thn ishmerin� di�bash �ta = ��td, kaj�c ep�shc kai tou gewgrafiko� pl�touc touproblep�menou shme�ou tom�c isq�oun (gia thn ap�deixh twn sq�sewn bl. [70]):�t = f(�a�=0 � �d�=0)� = g(�a�=0 � �d�=0) (3.29)Oi (3.29) �qoun arket� pol�plokh morf�, afo� ex�gontai me th bo�jeia thc (3.26) kai peri-lamb�noun p�nakec strof�c pou peri�qoun genik�terec ekfr�seic twn stoiqe�wn thc troqi�c.Sunart�seic t�toiou t�pou upolog�zontai sthn arq� thc diadikas�ac gia mia for� kai oiqr�noi pinakopoio�ntai gia th qr�sh tou sth diadikas�a pr�gnwshc twn shme�wn tom�c. Hsun�jhc diadikas�a prosdiorismo� twn shme�wn tom�c parousi�zetai ap� ton Schrama [70]:1. Katarq�n, me th bo�jeia thc (3.25), upolog�zontai ta dian�smata j�shc tou ana-bib�zontoc shme�ou di�bashc tou ishmerino� kai tou ant�stoiqou katabib�zontoc sh-me�ou.2. Ta d�o troqiak� ep�peda pou or�zontai ap� ta d�o dian�smata j�shc t�mnontai odh-g�ntac sto proseggistik� di�nusma j�shc tou shme�ou tom�c kai upolog�zontai oisqetiko� qr�noi di�bashc �ta kai �td.3. Upolog�zontai xan� ta dian�smata j�shc m�sw thc (3.25) qrhsimopoi�ntac t�ra toucqr�nouc pou upolog�sthkan sto prohgo�meno b�ma.4. An h diafor� twn dianusm�twn j�shc thc anabib�zousac di�bashc kai thc katabi-b�zousac di�bashc diaf�roun periss�tero ap� k�poio �rio, t�te epanalamb�netai hdiadikas�a ap� to de�tero b�ma.5. Oi parap�nw diadikas�ec qrhsimopoio�n thn onomastik� troqi� tou doruf�rou kai hpr�gnwsh twn shme�wn tom�c afor� se mia arqik� proseggistik� l�sh. Apara�thtece�nai k�poiec diorj�seic, oi opo�ec prok�ptoun ap� thn efarmog� thc (3.29) gia tonprosdiorism� twn ap�lutwn qronik�n diafor�n, dhlad� twn qronik�n diafor�n pouor�zontai sto s�sthma, to opo�o qrhsimopoi�jhke kat� ton upologism� thc troqi�c.Akolouje� h belt�wsh ston prosdiorism� twn shme�wn tom�c melet�ntac tic efapt�me-nec sta �qnh twn troqi�n sta shme�a tom�c, �pwc d�nontai ap� ta altimetrik� dedom�na[65]. H diadikas�a e�nai epanalhptik� kai afor� se suneq� belt�wsh tou upologismo�twn qronik�n stigm�n tom�c.H diadikas�a prosdiorismo� twn shme�wn tom�c aplopoie�tai me thn apom�krunsh sthn arq�twn shme�wn tom�c se hpeirwtik�c ekt�seic. To gegon�c aut� mei�nei ton arijm� twn



102 H DORUFORIKH ALTIMETRIAshme�wn tom�c pou apojhke�ontai kai aux�nei thn taq�thta kai thn apotelesmatik�thtatou algor�jmou.Efarmog� perifereiako� mont�lou sun�rjwshcH per�ptwsh tou perifereiako� mont�lou sun�rjwshc e�nai h aplo�sterh twn mont�lwnsun�rjwshc stic tom�c twn troqiak�n iqn�n. Anaf�retai sthn elaqistopo�hsh tou akti-niko� troqiako� sf�lmatoc se mia periorism�nhc �ktashc jal�ssia perioq�, prosdior�zontac�rouc diafor�c st�jmhc kai kl�shc sta shme�a tom�c.To mont�lo thc sun�rjwshc d�netai wc ex�c:ha � hd = �ra ��rd + �a � �d + v (3.30)�pou ha, hd ta diorjwm�na ap� �lec tic gewfusik�c epidr�seic �yh thc stigmia�ac st�jmhcthc j�lassac stic diab�seic an�dou kai kaj�dou, ant�stoiqa, �ra, �rd ta aktinik� troqiak�sf�lmata twn diab�sewn an�dou kai kaj�dou, ant�stoiqa, �a, �d h dunamik� jal�ssia topo-graf�a stic d�o qronik�c stigm�c kai v to sf�lma thc altimetrik�c parat�rhshc. H telik�ex�swsh parat�rhshc �qei th morf�:�had = �ra ��rd +�� + v; (3.31)�pou �� e�nai h metabol� thc jal�ssiac st�jmhc metax� twn qronik�n stigm�n thc an�doukai kaj�dou. E�n to t�xo an�dou kai to t�xo kaj�dou e�nai pol� kont� sthn kl�maka touqr�nou, t�te h diafor� stic metr�seic thc st�jmhc thc j�lassac mpore� na apodoje� kur�wcsto aktinik� troqiak� sf�lma. Sta pla�sia thc sun�rjwshc gia ton periorism� tou aktiniko�sf�lmatoc thc troqi�c oi stoqastik�c metablht�c thc metabol�c thc jal�ssiac st�jmhckai tou sf�lmatoc thc m�trhshc apotelo�n m�a n�a tuqa�a metablht�. H paradoq� aut��qei wc apot�lesma thn apom�krunsh twn meg�lou m�kouc k�matoc wke�niwn shm�twn kat�m�koc tou �qnouc thc troqi�c [54]. To mont�lo tou aktiniko� troqiako� sf�lmatoc den �qeistoqastik� qarakt�ra, afo� perigr�fetai, �pwc apode�qthke kai sthn en�thta 3.4.5, ap�touc n�mouc tou Kepler [19], [82]:�r � �a� (a�e+ e�a) cosM + ae�M sinM: (3.32)H m�sh anwmal�a metab�lletai s�mfwna me [82]:M =M0 + _Mt (3.33)_M � �n = 2�T ; (3.34)�pou �n h m�sh gwniak� taq�thta kai T h per�odoc thc troqi�c tou doruf�rou. To aktinik�troqiak� sf�lma d�netai wc sun�rthsh thc troqiak�c peri�dou.H perioq� pou epil�getai gia thn efarmog� thc perifereiak�c sun�rjwshc e�nai kal� nasqhmat�zei �na e�doc r�mbou. H morf� aut� protim�tai epeid� �la ta t�xa pou eis�gontai sthdiadikas�a thc sun�rjwshc �qoun per�pou to �dio m�koc kai apofe�gontai me ton tr�po aut�nprobl�mata sto sqhmatism� twn kanonik�n exis�sewn. O sqhmatism�c aut�c ende�knutaigia th metatrop� twn apol�twn qronik�n stigm�n twn metr�sewn se n�ec adi�statec pos�-thtec. Ap� to sq�ma 3.21 h qronik� metablht� thc tom�c sto shme�o Q metasqhmat�zetai semia adi�stath pos�thta �1j = (t1j�t13)=(t14�t13). Antisto�qwc, mia adi�stath par�metroc�2j or�zetai sthn tom� tou t�xou 2 me to j wc �2j = (t2j � t23)=(t24 � t23). Oi adi�statecpos�thtec aut�c qarakthr�zoun ta shme�a twn tom�n twn troqiak�n iqn�n kai eis�gontaisth diadikas�a thc sun�rjwshc. Anal�ontac me par�moio tr�po �la ta t�xa thc perioq�canagnwr�zetai mia diafor� thc t�xhc tou 1-2%. Sth sun�qeia, h m�sh tim� twn �1j kai �2jja jewre�tai h antiproswpeutik� �j gia to m�roc tou t�xou j. H kanonikopo�hsh stic qro-nik�c metablht�c sqet�zetai me thn antimet�pish twn idiomorfi�n tou p�naka twn kanonik�n
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Sq�ma 3.21: Upologism�c twn adi�statwn qronik�n metablht�n (sq�ma ap� [70]).exis�sewn kai thn apotelesmatik� antistrof� tou gia ton prosdiorism� twn param�trwn touaktiniko� troqiako� sf�lmatoc [70]. Antikajist�ntac sthn (3.32) sqhmat�zontai to mont�lothc sun�rjwshc [67]: �r = a+ b sin�+ c cos�; (3.35)to opo�o antiproswpe�ei th genik�terh morf� tou pagk�smiou mont�lou pou ja exetaste�sth sun�qeia kai to opo�o aplopoie�tai gia sqetik� mikr� m�kh t�xwn ( < 2000 qili�metra)(sin� � � kai cos� � 1) wc ex�c: �r = a+ b�: (3.36)H (3.36) e�nai to mont�lo thc perifereiak�c sun�rjwshc pou montelopoie� to troqiak� sf�lmas�mfwna me tic param�trouc miac diafor�c st�jmhc (bias) kai miac kl�shc (tilt), en� giapol� mikr� t�xa arke� m�no h par�metroc thc diafor�c st�jmhc:�r = a (3.37)H ex�swsh parat�rhshc sthn per�ptwsh twn perifereiak�n sunorj�sewn diafor�c st�jmhckai kl�shc e�nai [3], [48]: �hij = �ri(�i)��rj(�j) + v )�hij = (ai + bi�i)� (aj + bj�j) + v; (3.38)�pou ai kai bi oi par�metroi thc diafor�c st�jmhc kai thc kl�shc gia to t�xo i kai aj kai bjoi ant�stoiqec par�metroi gia to t�xo j. Sthn per�ptwsh thc efarmog�c tou mont�lou thcsun�rjwshc m�no me param�trouc diafor�c st�jmhc isq�ei:�hij = ai � aj + v: (3.39)Ta mont�la thc perifereiak�c sun�rjwshc akoloujo�n to genik� mont�lo thc sun�rjwshctwn exis�sewn parathr�sewn [87]. To mont�lo sth grammik� morf� d�netai ap� th sq�sh:b = Ax+ v: (3.40)�pou b e�nai to di�nusma twn parathro�menwn diafor�n stic tom�c twn troqiak�n iqn�n, Ae�nai o p�nakac sqediasmo� tou sust�matoc, x e�nai to di�nusma twn agn�stwn param�trwn,to opo�o an�loga me to mont�lo pou qrhsimopoie�tai, peri�qei touc suntel�stec thc diafor�cst�jmhc kai kl�shc kai v e�nai to di�nusma twn sfalm�twn. H l�sh, s�mfwna me to krit�riotwn elaq�stwn tetrag�nwn vTPv = min, d�netai ap�:x̂ = (ATPA)�1ATPb) x̂ = N�1u; (3.41)



104 H DORUFORIKH ALTIMETRIA�pou P e�nai o p�nakac b�rouc twn parathr�sewn kai N e�nai o p�nakac twn kanonik�nexis�sewn.Sthn per�ptwsh twn mont�lwn o p�nakac sqediasmo�A parousi�zetai me stoiqe�a mon�deckai tic tim�c twn �i [67]. O p�nakac twn kanonik�n exis�sewn �qei th dom� Toeplitz upo-pin�kwn, gegon�c pou eunoe� to diaqwrism� thc l�shc kat� b�mata. H morf� aut� diaf�rei�tan afairejo�n ap� tic kanonik�c exis�seic ta shme�a tom�c pou anaf�rontai se hpeirwtik�tm�mata [66].Ap� th mel�th tou p�naka A prok�ptei �ti o bajm�c tou p�naka e�nai mikr�teroc ap�ton sunolik� arijm� twn agn�stwn param�trwn. O p�nakac sqediasmo� peri�qei grammik�exarthm�nec st�lec. H adunam�a bajmo� pou parousi�zetai sqet�zetai me thn epilog� tousust�matoc anafor�c. Oi �gnwstec par�metroi twn diafor�n st�jmhc kai twn kl�sewnleitourgo�n me tr�po ant�stoiqo twn suntetagm�nwn sta oriz�ntia d�ktua, en� to mont�lotwn diafor�n st�jmhc sump�ptei me to mont�lo sun�rjwshc twn katak�rufwn dikt�wn [87],[90]. S�mfwna me ton Schrama [70], se mont�lo perifereiak�c sun�rjwshc me p �gnwstecparam�trouc an� t�xo h adunam�a bajmo� e�nai p2. H adunam�a bajmo� tou sust�matocantimetwp�zetai me thn eisagwg� desme�sewn, krat�ntac stajer�c tic param�trouc ap�p troqiak� t�xa. Aut� pragmatopoie�tai praktik� me thn afa�resh twn p param�trwnkai twn ant�stoiqwn sthl�n tou p�naka twn kanonik�n exis�sewn, oi opo�ec anaf�rontaista sugkekrim�na t�xa. Ta krit�ria gia thn epilog� twn t�xwn sthr�zontai sthn ek twnprot�rwn gn�sh thc akr�beiac kai thc plhr�thtac twn metr�sewn. 'Opwc ja parousiaste�kai sta pagk�smia mont�la sun�rjwshc, desme�seic mporo�n na eisaqjo�n stic exis�seicparat�rhshc wc plhrofor�ec ap� diaforetik�c phg�c metr�sewn, �pwc, p.q., metr�seic laserproc to doruf�ro ap� kal� katanemhm�nouc stajmo�c sthn perioq� mel�thc. Sthn per�ptwshtou mont�lou twn d�o param�trwn (diafor� st�jmhc kai kl�sh) apara�thth e�nai h d�smeushd�o t�xwn. Ta t�xa pr�pei na e�nai mh epikalupt�mena kai na mhn t�mnontai (par�llhlhdi�taxh t�xwn). Ta t�xa pou epil�gontai pr�pei na e�nai antiproswpeutik� thc perioq�c, methn �nnoia tou na e�nai epim�kh kai kentrik� sthn perioq� mel�thc kai na jewro�ntai uyhl�cakribe�ac, �tan up�rqei ek twn prot�rwn plhrofor�a gia ta sf�lmata prosdiorismo� twnt�xwn.G�netai loip�n antilhpt� �ti �na m�roc tou aktiniko� troqiako� sf�lmatoc den e�nai du-nat� na aniqneute� sth b�sh twn diafor�n sta shme�a twn troqiak�n tom�n [67]. To gegon�caut� parathre�tai met� ap� thn ex�tash twn fasmatik�n qarakthristik�n twn diafor�n [70].To m�roc aut� tou troqiako� sf�lmatoc sqet�zetai me thn epilog� tou sust�matoc ana-for�c tou altimetriko� sqhmatismo� kai mpore� na perigrafe� ap� mia amet�blhth epif�neia,h opo�a qarakthr�zei to mhdenik� q�ro tou p�naka twn kanonik�n exis�sewn (null space).Akolouj�ntac thn an�lush tou Lanczos [51], o p�nakac sqediasmo� mpore� na jewrhje� wc�nac grammik�c telest�c pou sund�ei to q�ro twn agn�stwn param�trwn me to q�ro twnparathro�menwn posot�twn. S�mfwna me tic idi�thtec t�toiwn susthm�twn up�rqei p�nakacE, t�toioc �ste AE = 0. Sto mhdenik� q�ro pou dhmiourge�tai an�kei to di�nusma z, giato opo�o: Az = 0) Nz = 0 (3.42)me z = Es. H morf� tou p�naka E exart�tai ap� to mont�lo sun�rjwshc pou akolouje�tai.Anal�ontac to s�sthma twn kanonik�n exis�sewn kai exet�zontac tic idiotim�c kai taidioan�smata tou p�naka N o Schrama [70] kat�lhxe sta ex�c:� O p�nakac twn kanonik�n exis�sewn e�nai summetrik�c kai �qei pragmatik�c idiotim�c�lec megal�terec � �sec tou mhden�c (jetik� orism�noc).� Up�rqei �na di�nusma z t�toio �steNz = 0 kai e�nai gnwst� �ti mpore� na grafte� sthmorf� z = Es, �pou oi grammik� anex�rthtec st�lec tou E perigr�foun to mhdenik�q�ro tou N. To di�nusma s onom�zetai di�nusma met�jeshc kai antiproswpe�ei thnabebai�thta ston kajorism� tou sust�matoc anafor�c.



KEFALAIO 3 105� H genik� l�sh twn grammik�n susthm�twn aut�c thc morf�c lamb�nontai ap� thn�jroish thc eidik�c l�shc (particular solution) me thn omogen� l�sh (homogeneoussolution). H eidik� l�sh exart�tai ap� ta krit�ria epilog�c twn t�xwn anafor�cpou desme�ontai. Sta apotel�smata perilamb�nontai oi ektim�seic twn agn�stwn pa-ram�trwn sto s�sthma pou or�zei h sugkekrim�nh epilog� twn desme�sewn. H eidik�l�sh pou prok�ptei exart�tai, �pwc e�nai faner�, ap� thn epilog� twn desme�sewn. Seper�ptwsh pou ta t�xa pou epil�gontai parousi�zoun sf�lmata ston prosdiorism� touc,aut� den aniqne�ontai, all� dioqete�ontai sta apotel�smata thc sun�rjwshc. Mia an-tiproswpeutik� l�sh thc altimetrik�c epif�neiac prosdior�zetai, �tan e�nai gn�sth hsuneisfor� tou sf�lmatoc sta t�xa anafor�c [62].H genik� l�sh prok�ptei s�mfwna me:xg = xp + z = xp +Es; (3.43)�pou h omogen�c l�sh perigr�fei to troqiak� sf�lma pou den aniqne�etai ap� th diadikas�athc sun�rjwshc. H genik� l�sh xg = [ai bi aj bj ]T d�netai ap� to �jroisma thc eidik�c l�shcxp = [a�i b�i a�j b�j ]T kai thc omogeno�c l�shc Es. Isq�ei:2664 aibiajbj 3775 = 2664 a�ib�ia�jb�j 3775+ 2664 1 �i 0 00 0 1 �i1 0 �j 00 1 0 �j 37752664 s1s2s3s4 3775 : (3.44)Antikajist�ntac thn (3.44) stic ekfr�seic tou aktiniko� troqiako� sf�lmatoc d�o pa-ram�trwn �qoume: �ri(�j) = (a�i + s1 + s2�i) + (b�i + s3 + s4�i)�j= �r�i (�j) +D(�i; �j) (3.45)gia to t�xo an�dou kai�rj(�i) = (a�j + s1 + s3�j) + (b�j + s2 + s4�j)�i= �r�j (�i) +D(�i; �j) (3.46)gia to t�xo kaj�dou. H amet�blhth epif�neia kai stic d�o peript�seic, h opo�a perigr�feito upoloip�meno m�roc tou troqiako� sf�lmatoc �qei th morf� (bl. kai [9]):D(�i; �j) = s1 + s2�i + s3�j + s4�i�j : (3.47)Oi parathr�seic sta shme�a twn tom�n �hij den ephre�zontai ap� th sun�rthsh D(�i; �j)giat� apale�fetai me thn dhmiourg�a twn exis�sewn parathr�sewn. H sun�rthsh D(�i; �j)mpore� na jewrhje� �ti antiproswpe�ei mia poluwnumik� epif�neia param�rfwshc, afo�oi adi�statec metablht�c �i kai �j sumperif�rontai an�loga me tic suntetagm�nec toushme�ou tom�c. Sto sugkekrim�no mont�lo thc diafor�c st�jmhc kai kl�shc h epif�neia pa-ram�rfwshc perilamb�nei �nan �ro diafor�c st�jmhc (s1), �nan �ro kl�shc kat� thn �nodo(s3), �nan �ro kl�shc kat� thn k�jodo (s2) kai �nan �ro str�yhc (s4). Apodeikn�etai �ti giaopoiond�pote bajm� an�ptuxhc thc epif�neiac param�rfwshc, h ep�dras� thc den aniqne�etaiap� tic parathr�seic twn diafor�n sta shme�a twn troqiak�n tom�n [70].G�netai faner� h ex�rthsh thc telik�c l�shc ap� thn epilog� twn desme�sewn. Epil�go-ntac �na diaforetik� ze�goc troqiak�n t�xwn odhgo�maste se tele�wc diaforetik� l�sh. Hdiaforetik� l�sh mpore� na prok�yei ap� ton arqik� sqediasm� twn exis�sewn parat�rhshc,all� mpore� kai na prosdioriste� ap� thn pali� l�sh me th qr�sh analutik�c met�jeshc tousust�matoc anafor�c. H met�jesh aut� ekfr�zetai m�sa ap� thn kat�llhlh omogen� l�shtou sust�matoc [70].



106 H DORUFORIKH ALTIMETRIAH abebai�thta sto s�sthma anafor�c, h opo�a perigr�fetai ap� thn epif�neia para-m�rfwshc, pou anaf�rjhke prohgoum�nwc, apomakr�netai me thn epilog� twn elaq�stwndesme�sewn. To er�thma pou t�jetai afor� sthn epilog� twn desme�sewn, �tan kami� plh-rofor�a gia thn poi�thta twn troqiak�n t�xwn den e�nai diaj�simh. H l�sh d�netai ap�thn efarmog� twn eswterik�n desme�sewn. O t�poc twn desme�sewn e�nai anex�rthtoc tousust�matoc anafor�c kai odhge� se p�naka summetablhtot�twn anex�rthto ap� thn epilog�tou sust�matoc. H l�sh el�qisthc n�rmac ikanopoie� to krit�rio:Xp a2p + b2p = min (3.48)To krit�rio pou anaf�rjhke den �qei k�poia fusik� shmas�a, afo� apl�c, ap� tic �peireceidik�c l�seic, xeqwr�zei eke�nh pou e�nai plhsi�sterh sto mhd�n. Gia thn orj� ap�doshthc fusik�c pragmatik�thtac oi Arabelos and Tziavos [3] upol�gisan k�poiec arqik�c tim�ctwn suntelest�n a kai b ap� th b�ltisth prosarmog� twn uy�n thc stigmia�ac st�jmhcthc j�lassac kat� m�koc kajen�c troqiako� �qnouc se �na mont�lo geweido�c. To gegon�cthc b�ltisthc prosarmog�c apale�fei thn ep�drash thc epif�neiac param�rfwshc (orism�ctou sust�matoc anafor�c), all� epipl�on apomakr�nei kai tic epidr�seic thc jal�ssiactopograf�ac. Gia k�je troqiak� �qnoc upolog�zontai oi arqik�c tim�c twn suntelest�ndiafor�c st�jmhc kai kl�shc. Se �na de�tero b�ma, oi diorj�seic stic param�trouc s�ndeshcme to geweid�c upolog�zontai me thn efarmog� tou krithr�ou el�qisthc n�rmac:Xp �a2p + �b2p = min: (3.49)To mont�lo twn exis�sewn parat�rhshc �qei th morf�:hk �Nk = aoi + boi�k + Vik; (3.50)�pou k to sugkekrim�no shme�o m�trhshc tou t�xou i. Sthn parap�nw per�ptwsh h sun�rjwshpragmatopoie�tai se d�o b�mata: Katarq�n, prosarm�zetai k�je xeqwrist� t�xo sto mont�lotou geweido�c kai prosdior�zontai oi proseggistik�c-arqik�c tim�c twn param�trwn gia k�jet�xo kai sth sun�qeia, efarm�zetai h sun�rjwsh me th eisagwg� twn eswterik�n desme�sewn(ele�jero d�ktuo) gia ton prosdiorism� twn diorj�sewn stic tim�c twn param�trwn. Tos�sthma anafor�c �qei prosdioriste� ap� thn ex�rthsh twn arqik�n param�trwn ap� tomont�lo tou geweido�c.Gia thn antimet�pish tou diplo� b�matoc thc sun�rjwshc thc prohgo�menhc diadikas�acprote�netai mia enia�a sun�rjwsh me elaqistopo�hsh twn sfalm�twn thc sun�rjwshc stictom�c twn troqiak�n iqn�n kai ta sf�lmata ap� thn prosarmog� sto mont�lou tou geweido�c[8], [48]. Sth sugkekrim�nh per�ptwsh antimetwp�zetai h adunam�a bajmo� tou sust�matoc kaito sunak�loujo pr�blhma prosdiorismo� thc ele�jerhc epif�neiac param�rfwshc, apaite�tai�mwc h eisagwg� sqetik�n bar�n sto krit�rio elaqistopo�hshc:X v2ij + wXV 2ij = min; (3.51)�pou vij e�nai ta sf�lmata thc sun�rjwshc stic tom�c twn troqiak�n iqn�n kai V 2ij e�naita sf�lmata ap� thn prosarmog� twn metr�sewn sto mont�lo tou geweido�c. E�n o sun-telest�c tou sqetiko� b�rouc e�nai mikr�c, t�te oi diafor�c stic tom�c elaqistopoio�ntaikatarq�n, en� e�n to b�roc �qei meg�lh tim� pragmatopoie�tai pr�ta h prosarmog� k�jexeqwristo� t�xou sto geweid�c mont�lo. O prosdiorism�c thc tim�c tou suntelest� b�roucsthr�zetai e�te se empeirik�c dokim�c [31], e�te sth mel�th twn ek twn ust�rwn metablh-tot�twn twn sfalm�twn [8], [48]. S�mfwna me th de�terh diadikas�a, pragmatopoie�taikatarq�n mia ep�lush tou sunoliko� dikt�ou, pou antimetwp�zetai wc ele�jero, kai pros-dior�zetai h metablht�thta �2of kai sth sun�qeia pragmatopoie�tai h an�lush kat� m�koc twn



KEFALAIO 3 107iqn�n, upolog�zontac to m�so tetragwnik� sf�lma twn metablhtot�twn twn param�trwn twnt�xwn wc: �2oa = 1N Xp �2op; (3.52)�pou �2oa h m�sh tetragwnik� tim� twn metablhtot�twn �2op twn param�trwn p twn N t�xwn.Sth sun�qeia epil�getai o suntelest�c b�rouc wc ! = �2of=�2oa.To mont�lo thc perifereiak�c sun�rjwshc pou perigr�fhke apomakr�nei �na posost�tou aktiniko� troqiako� sf�lmatoc. To upoloip�meno m�roc anaf�retai sthn amet�blhthepif�neia param�rfwshc pou perigr�fei to mhdenik� q�ro tou p�naka twn kanonik�n exi-s�sewn. An kai h apa�thsh se upologistik� isq� den e�nai meg�lh, to mont�lo aut� delamb�nei up�yh tou ol�klhrh thn troqi�, afo� perior�zetai sta �ria thc romboeido�c pe-rioq�c mel�thc. K�je tm�ma thc troqi�c antimetwp�zetai xeqwrist�, en� e�nai gnwst� �ti totroqiak� sf�lma metab�lletai me �na periodik� tr�po se �lo to m�koc thc upologism�nhctroqi�c [67]. To gegon�c aut� odhge� se lanjasm�nec tim�c twn upologism�nwn diafor�nst�jmhc kai kl�sewn.Qronologik� sun�rjwsh pagk�smiac kl�makac twn troqiak�n tom�wnH efarmog� tou mont�lou thc qronologik�c sun�rjwshc pagk�smiac kl�makac (global chro-nological adjustment) anaf�retai sthn perigraf� tou troqiako� sf�lmatoc ap� kat�llhlecsunart�seic, oi opo�ec isq�oun se �na m�roc tou troqiako� t�xou. H sun�rjwsh onom�zetaiqronologik� giat� oi sunart�seic perigraf�c tou troqiako� sf�lmatoc katat�ssontai kat�qronologik� seir�.To mont�lo pou perigr�fei to aktinik� troqiak� sf�lma �qei pio pol�plokh morf� ap� tamont�la diafor�c st�jmhc kai kl�shc pou qrhsimopoio�ntai sthn per�ptwsh thc perifereiak�csun�rjwshc. Mel�tec prosomo�wshc [70] de�qnoun �ti to aktinik� sf�lma thc troqi�c mpore�na anakataskeuaste� me th qrhsimopo�hsh poluwnumik�n mont�lwn. 'Oso aux�nei o bajm�ctou mont�lou, t�so kal�tera anakataskeu�zetai to troqiak� sf�lma. Ak�mh pio akrib� apo-tel�smata lamb�nontai me th qr�sh tou aujentiko� mont�lou grammikopo�hshc twn stoiqe�wnK�pler pou �qei th morf�: �r(�) = a0 cos�+ b0 sin�+ c0; (3.53)�pou a0, b0, c0 oi par�metroi pou prosdior�zontai kai � oi tropopoihm�nec qronik�c par�me-troi. H ex�swsh parat�rhshc d�netai ap��hij = �ri(�ij)��rj(�ji) (3.54)kai me antikat�stash thc (3.53) sthn (3.54) isq�ei:�hij = [ai cos(�ij) + bi sin(�ij) + ci]� [aj cos(�ji) + bj sin(�ji) + cj ]: (3.55)E�nai gnwst� ap� to mont�lo thc perifereiak�c sun�rjwshc �ti gia thn onomastik� troqi�twn doruf�rwn isq�ei h idi�thta thc antisummetrik�thtac metax� twn tropopoihm�nwn qro-nik�n metablht�n twn t�xwn an�dou kai kaj�dou, dhlad�:�ij = ��ji (3.56)H telik� morf� twn exis�sewn parat�rhshc e�nai:�hij = [ai � aj ] cos(�ij) + [bi + bj ] sin(�ij) + [ci � cj ] (3.57)H morf� pou lamb�nei o p�nakac twn kanonik�n exis�sewn se sq�sh me to e�doc thc troqi�cd�netai sqhmatik� ap� ton Rummel [67]. Kai se aut�n thn per�ptwsh o p�nakac sqedia-smo� A �qei grammik� exarthm�nec st�lec kai epom�nwc o p�nakac twn kanonik�n exis�sewn



108 H DORUFORIKH ALTIMETRIA�qei adunam�a bajmo�. H adunam�a bajmo� ofe�letai kai se aut�n thn per�ptwsh sthn abe-bai�thta tou sust�matoc anafor�c. Se mia qronologik� sun�rjwsh pagk�smiac kl�makacstic tom�c twn troqiak�n iqn�n eis�gontai treic desme�seic, oi opo�ec antistoiqo�n se treicparam�trouc (p = 3) en�c kentriko� t�xou [65].H diafor� sthn adunam�a bajmo� metax� tou pagk�smiou kai tou perifereiako� mont�louofe�letai sth diaforetik� jewrhtik� antimet�pish. Sto perifereiak� mont�lo, l�gw thcep�pedhc pros�ggishc pou akolouje�tai, oi tropopoihm�nec qronik�c metablht�c �i jewro�ntai�sou meg�jouc sta t�xa an�dou kai kaj�dou. Sthn per�ptwsh thc pagk�smiac sun�rjwshc,l�gw thc ep�drashc thc g�inhc sfairik�thtac, to m�gejoc twn qronik�n metablht�n mikra�neisuneq�c me thn apom�krunsh tou �qnouc thc troqi�c ap� ton ishmerin�. To gegon�c aut� �qeiwc apot�lesma thn el�ttwsh thc adunam�ac bajmo� ap� p2 se p. H n�a morf� thc adunam�acbajmo� den isq�ei, �tan qrhsimopoie�tai to pagk�smio mont�lo gia na sunorjwjo�n metr�seicse perifereiak� ep�pedo. Sthn per�ptwsh aut� h pragmatik� (arijmhtik�) adunam�a bajmo�tou sust�matoc e�nai p2 kai gia na antimetwpiste� eis�gontai desme�seic gia periss�tera touen�c t�xa up� th morf� pleonazous�n desme�sewn. Oi pleon�zousec desme�seic, an kai anti-metwp�zoun thn adunam�a bajmo� tou sust�matoc, eis�goun tic anap�feuktec paramorf�seicstic sunorjwm�nec pos�thtec.'Opwc kai sthn per�ptwsh tou perifereiako� mont�lou, m�roc tou aktiniko� troqiako�sf�lmatoc den g�netai antilhpt� kat� th diadikas�a thc sun�rjwshc stic tom�c twn iqn�n.Ta upoloip�mena troqiak� sf�lmata lamb�noun th morf� miac amet�blhthc ele�jerhc e-pif�neiac kai perigr�foun to mhdenik� q�ro twn kanonik�n exis�sewn. H epif�neia pa-ram�rfwshc e�nai to apot�lesma thc omogeno�c l�shc tou sust�matoc kai prosdior�zetaime an�logec diadikas�ec me thn per�ptwsh tou perifereiako� mont�lou. H epif�neia sthnper�ptwsh tou pagk�smiou tomeako� mont�lou �qei th morf�:D(�ij) = s1 cos(�ij) + s2 sin(�ij) + s3 (3.58)�pou s1, s2 kai s3 e�nai oi sunist�sec tou dian�smatoc met�jeshc thc omogeno�c l�shc. Hmorf� thc epif�neiac e�nai h �dia gia ta t�xa an�dou kai kaj�dou kai me thn kat�strwsh twnexis�sewn parat�rhshc apale�fetai ap� tic sq�seic. Met� ap� mel�th prosomo�wshc toutroqiako� sf�lmatoc [70] h epif�neiac param�rfwshc �qei th morf� tou sq�matoc 3.22.

Sq�ma 3.22: H epif�neia param�rfwshc sthn per�ptwsh thc qronologik�c sun�rjwshcpagk�smiac kl�makac (sq�ma ap� [70]).H omogen�c l�sh tou sust�matoc pou perigr�fei thn amet�blhth epif�neia mpore� na er-mhneute� ap� th jewrhtik� parous�ash tou sust�matoc twn troqi�n. H arqik� adunam�abajmo� twn exis�sewn parat�rhshc ofe�letai, �pwc anaf�rjhke, sthn abebai�thta giato s�sthma anafor�c twn param�trwn perigraf�c tou troqiako� sf�lmatoc. H ele�jerh



KEFALAIO 3 109epif�neia perigr�fei to q�ro m�sa ston opo�o mpore� na kine�tai to s�nolo tou sust�matoctwn tom�n, d�qwc na ephre�zontai ta apotel�smata thc sun�rjwshc. H morf� thc epif�neiacmpore� na prosdioriste� m�non �tan e�nai gnwst� h sun�rthsh tou aktiniko� troqiako�sf�lmatoc, gegon�c pou sumba�nei m�no tic mel�tec prosomo�wshc. H abebai�thta sthj�sh tou genik�terou sqhmatismo� mpore� na exaleifje� me thn eisagwg� desme�sewn pou japerigrafo�n sto genikeum�no pagk�smio mont�lo.Ap� tic mel�tec prosomo�wshc parathre�tai �ti h pagk�smia sun�rjwsh t�xwn den e�naidunat� na anakataskeu�sei pl�rwc to troqiak� sf�lma, afo� parathro�ntai upoloip�menasf�lmata stic suqn�thtec 2!e, !o�!e, !o+!e kai 2(!o�!e), �pou !e = 
�� h fain�menhsuqn�thta peristrof�c thc Ghc, dhlad� o rujm�c peristrof�c thc Ghc se sq�sh me to ep�pedothc doruforik�c troqi�c kai !o = !+M h suqn�thta perifor�c tou doruf�rou. Ta sf�lmataaut� �qoun susthmatik� qarakt�ra kai den mporo�n na anagnwristo�n. Ak�ma kai se mel�tecprosomo�wshc, stic opo�ec h gn�sh tou troqiako� sf�lmatoc odhge� ston prosdiorism� thcele�jerhc epif�neiac, to troqiak� sf�lma den anakataskeu�zetai entel�c me th qronolo-gik� sun�rjwsh pagk�smiac kl�makac. To gegon�c aut� ofe�letai sthn �dia th m�jodomontelopo�hshc: Ef�son ta t�xa den lamb�nontai wc suneq� tm�mata, all� perior�zontai sesugkekrim�nec qronik�c stigm�c, parathre�tai asun�qeia sta �ria twn epilegm�nwn tom�wn.Ep�shc, �pwc proanaf�rjhke, m�no sthn pragmatik� pagk�smia je�rhsh h adunam�a bajmo�tou sust�matoc antimetwp�zetai me thn eisagwg� el�qistwn desme�sewn. Se diaforetik�per�ptwsh h sun�rjwsh odhge�tai anap�feukta sthn eisagwg� pleonazous�n desme�sewnkai sthn param�rfwsh twn apotel�smatwn thc sun�rjwshc.'Opwc fa�netai ap� ta prohgo�mena, to mont�lo thc pagk�smiac sun�rjwshc kat� tome�c,an kai exet�zei leptomer�stera to pr�blhma tou aktiniko� troqiako� sf�lmatoc, den pa-rousi�zei ta anamen�mena apotel�smata, l�gw tou periorismo� sta m�kh twn t�xwn, thnapa�thsh per�pou �swn mhk�n kai thn ex�rthsh ap� thn epilog� thc sun�rthshc pou pe-rigr�fei to mont�lo tou sf�lmatoc.Genikeum�no pagk�smio mont�lo sun�rjwshcOi periorismo� pou eis�gei to mont�lo thc pagk�smiac sun�rjwshc kat� tome�c od�ghse sthbelt�ws� tou me thn mel�th tou genikeum�nou mont�lou, to opo�o exet�zei meg�lo m�roc thcdoruforik�c troqi�c. Oi troqi�c epil�ontai me mia diadikas�a olokl�rwshc se t�xo di�rkeiactri�n �wc �xi hmer�n. To genikeum�no mont�lo exet�zei to s�nolo thc troqi�c kai h ex�swshperigraf�c tou aktiniko� sf�lmatoc �qei th morf� [68], [77]:�r(t) = NXk=0 ak cos!kt+ bk sin!kt (3.59)To mont�lo aut� anapt�qjhke gia thn antimet�pish twn problhm�twn ap� thn ep�pedh sun�r-jwsh (adunam�a an�lushc meg�lwn troqiak�n t�xwn, aplopoi�seic sth diadikas�a sun�rjw-shc, apom�krunsh twn sunistws�n twn wke�niwn shm�twn) kai thn pagk�smia sun�rjwshtom�wn (idiomorf�ec sta �kra twn tom�wn, apa�thsh �sou m�kouc t�xwn, adunam�a anakata-skeu�c sugkekrim�nwn suqnot�twn tou sf�lmatoc).Gia thn antimet�pish twn idiomorfi�n tou sust�matoc, to aktinik� troqiak� sf�lmaperigr�fetai se sun�rthsh me touc suntelest�c tou ped�ou bar�thtac, �pwc prote�netai ap�ton Wagner [82]. Oi Sandwell et al. [68] parous�asan th morf� thc amet�blhthc ele�jerhcepif�neiac pou perigr�fei to mhdenik� q�ro twn kanonik�n exis�sewn wc sun�rthsh twnsuntelest�n tou g�inou ped�ou �lxhc Clm kai Slm, twn sunart�sewn kl�shc Flmp, oi opo�ecapotelo�n to metasqhmatism� twn sfairik�n armonik�n sto ep�pedo thc troqi�c kai twnjemeliwd�n suqnot�twn fain�menhc peristrof�c thc Ghc !e kai thc troqi�c tou doruf�rou!o. Sthn per�ptwsh aut�, to gewgrafik� susqetism�no sf�lma, to opo�o optikopoie�tai meth dhmiourg�a thc ele�jerhc epif�neiac, exart�tai �mesa ap� ta sf�lmata ston prosdiorism�twn suntelest�n tou g�inou ped�ou �lxhc kai h pros�ggis� thc belti�netai me th belt�wsh



110 H DORUFORIKH ALTIMETRIAthc gn�shc gia to ped�o. H epif�neia tou gewgrafik� susqetism�nou sf�lmatoc d�netai ap�[68]: D(�; �) = lmaxXl=0 lXm=0 lXp=0Flmp(I)[Alm cos lmp +Blm sin lmp]; (3.60)�pouAlm = � Clm l �m : peritt�c�Slm l �m : �rtioc � kai Blm = � Slm l �m : peritt�cClm l �m : �rtioc � (3.61)kai  lmp = (l � 2p)!o +m!e (3.62)O bajm�c an�ptuxhc thc seir�c lmax lamb�nei sun�jwc thn tim� 2, afo� to megal�terom�roc tou gewgrafik� susqetism�nou aktiniko� troqiako� sf�lmatoc sugkentr�netai g�rwap� tic suqn�thtec twn 0, 1 kai 2 k�klwn an� doruforik� peristrof� [70], [67]. H morf� thcepif�neiac param�rfwshc fa�netai sto sq�ma 3.23. H sq�sh thc epif�neiac param�rfwshc

Sq�ma 3.23: H epif�neia param�rfwshc sthn per�ptwsh tou genikeum�nou mont�lou sun�r-jwshc (sq�ma ap� [70]).pou d�netai ap� touc Sandwell at al [68] me to gewgrafik� susqetism�no troqiak� sf�lma pouperigr�fhke ap� touc Tapley and Rosborough [78], ton Rosborough [64] kai ton Engelis [25]anal�etai ap� ton Rummel [67] kai ton Balmino [7]. H epif�neia param�rfwshc anaparist�kai sthn per�ptwsh aut� to gewgrafik� susqetism�no aktinik� troqiak� sf�lma, to opo�oden e�nai dunat� na aniqneute� kat� th sun�rjwsh stic tom�c twn t�xwn.An�lush twn idiotim�n tou p�naka sqediasmo� [70], [67] �deixe �ti h adunam�a bajmo�sthn per�ptwsh aut� �qei thn tim� p = 9. Gia thn antimet�pish thc adunam�ac bajmo� tousust�matoc qrhsimopoio�ntai h elaqistopo�hsh thc ubridik�c n�rmac [87], h qr�sh el�qistwndesme�sewn kai h eisagwg� twn eswterik�n desme�sewn.Mia pr�th antimet�pish gia th l�sh tou sust�matoc twn kanonik�n exis�sewn e�nai helaqistopo�hsh thc ubridik�c n�rmac. Me thn eisagwg� auto� tou krithr�ou elaqistopo�hshcanazhte�tai h b�ltisth l�sh, h opo�a elaqistopoie� ta sf�lmata twn parathr�sewn kai,epipl�on, h omal�terh l�sh, h opo�a elaqistopoie� tic tim�c twn agn�stwn param�trwn. Helaqistopo�hsh thc ubridik�c n�rmac �qei th morf� [87]:vTPv + xTPxxx = min; (3.63)�pou v ta sf�lmata twn parathr�sewn, P o p�nakac b�rouc twn parathr�sewn, x oi �gnw-stec par�metroi kai Pxx o ek twn prot�rwn p�nakac b�rouc. To s�sthma twn kanonik�nexis�sewn �qei th morf�: (ATPA+Pxx)x̂ = ATPb: (3.64)



KEFALAIO 3 111H eisagwg� tou p�naka Pxx apomakr�nei to pr�blhma thc adunam�ac bajmo� thc sun�rjwshcstic tom�c twn troqiak�n iqn�n. To s�nhjec pr�blhma pou antimetwp�zetai stic peript�seicelaqistopo�hshc thc ubridik�c n�rmac e�nai h epilog� twn pin�kwn b�rouc. O p�nakac Plamb�netai sun�jwc wc �nac diag�nioc p�nakac, o opo�oc perigr�fei th statistik� sumperi-for� twn parathro�menwn diafor�n stic tom�c. Ikanopoihtik� apotel�smata lamb�nontaikai me th qrhsimopo�hsh tou monadia�ou p�naka sthn per�ptwsh elleipo�c plhrofor�ac gia thdom� tou P. H epilog� twn tim�n tou p�naka Pxx apotele� to shmantik�tero pr�blhma sthnper�ptwsh aut�. O p�nakac b�rouc perigr�fei th statistik� sumperifor� twn agn�stwn pa-ram�trwn, epom�nwc k�poia ek twn prot�rwn plhrofor�a e�nai apara�thth gia to f�sma toutroqiako� sf�lmatoc. Sumper�smata ap� mel�tec prosomo�wshc �deixan �ti to megal�terom�roc thc isq�oc tou f�smatoc sugkentr�netai g�rw ap� th suqn�thta tou en�c k�klouan� peristrof�. H plhrofor�a aut� mpore� na qrhsimopoihje� gia mia realistik� kataskeu�tou p�naka b�rouc twn agn�stwn. O Schrama sthr�qjhke sth an�lush twn idiotim�n tousust�matoc gia thn exagwg� tou p�naka Pxx [70]. H l�sh pou �dwse parous�aze diafor�cap� to sf�lma prosomo�wshc, diafor�c tic opo�ec ap�dwse sth mh realistik� epilog� toup�naka Pxx. O Tai anaz�thse thn epilog� thc metablht�thtac �, afo� je�rhse �ti Pxx = �I[77]. Oi LeTraon et al. [54] je�rhsan mh diag�nia morf� tou p�naka Pxx. 'Enac sunte-lest�c susq�tishc 0.7 apod�jhke stic diadoqik�c �gnwstec param�trouc gia th b�ltisthpros�ggish tou troqiako� sf�lmatoc. Ston tom�a thc epilog�c tou p�naka b�rouc twnagn�stwn apaite�tai perait�rw �reuna.'Enac �lloc tr�poc antimet�pishc tou probl�matoc thc adunam�ac bajmo� e�nai h eisa-gwg� kat�llhlwn desme�sewn. Oi desme�seic aut�c den pr�pei na xeperno�n ton arijm� thcadunam�ac bajmo�, giat� oi pleon�zousec desme�seic pou eis�gontai sthn per�ptwsh aut�odhgo�n sthn param�rfwsh twn apotelesm�twn thc sun�rjwshc. Mia pr�th pr�tash giathn eisagwg� desme�sewn sto pr�blhma parousi�sthke ap� touc Sandwell et al. [68]. Oi de-sme�seic mporo�n na l�boun th morf� apeuje�ac metr�sewn twn apost�sewn tou doruf�rouap� qarakthristik�c, fusik�c � teqnht�c, anakl�menec epif�neiec, �pwc e�nai l�mnec � eidik�diamorfwm�noi anaklast�rec sth steri�. H j�sh twn anakl�menwn epifanei�n pr�pei na e�naignwst� se �na gewkentrik� s�sthma anafor�c, k�ti to opo�o e�nai efikt� me meg�lh akr�beiaqrhsimopoi�ntac tic s�gqronec teqnik�c prosdiorismo� j�shc. To meg�lo pleon�kthmatwn desme�sewn auto� tou t�pou e�nai h �mesh s�ndesh me th fusik� pragmatik�thta tousust�matoc. To �yoc h thc anakl�menhc epif�neiac ap� to elleiyoeid�c anafor�c upo-log�zetai gnwr�zontac tic gewkentrik�c suntetagm�nec thc epif�neiac. To pragmatik� �yoch� tou doruf�rou ep�nw ap� to elleiyoeid�c anafor�c ephre�zetai ap� to aktinik� troqiak�sf�lma �r. H ap�stash tou doruf�rou ap� thn anakl�menh epif�neia e�nai h m�trhsh �.Apeuje�ac metr�seic thc ap�stashc aut�c d�noun thn dunat�thta prosdiorismo� tou akti-niko� troqiako� sf�lmatoc th stigm� pou o doruf�roc di�rqetai ep�nw ap� th j�sh thcepif�neiac an�klashc kai epom�nwc mia dunat�thta ekt�mhshc thc gewgrafik� susqetism�nhcsunist�sac, pou den e�nai dunat� na aniqneute� ap� tic parathr�seic thc sun�rjwshc stictom�c twn troqiak�n iqn�n. H sq�sh s�ndeshc twn posot�twn pou anaf�rontai d�netai wc:�r = h+ �� h�: (3.65)S�mfwna me touc Sandwell et al. [68], enn�a pagkosm�wc katanemhm�nec epif�neiec an�klashcarko�n gia th stajeropo�hsh tou sust�matoc twn kanonik�n exis�sewn. H b�ltisth j�shtwn anakl�menwn epifanei�n e�nai antike�meno thc s�gqronhc �reunac.T�loc, h l�sh pou odhge� se p�naka sfalm�twn el�qistou �qnouc, anex�rthto ap� thnepilog� tou sust�matoc anafor�c, lamb�netai me thn eisagwg� twn eswterik�n desme�sewn.Ant�jeta, �mwc, me tic desme�seic pou eis�gontai me tic apeuje�ac metr�seic se anakl�menecepif�neiec, kami� s�ndesh me th fusik� pragmatik�thta tou sust�matoc den prok�ptei meth qr�sh twn eswterik�n desme�sewn. H qr�sh twn eswterik�n desme�sewn bohj� sthnantimet�pish tou probl�matoc thc adunam�ac bajmo� tou sust�matoc kai odhge� se l�shme el�qisto p�naka summetablhtot�twn twn sfalm�twn. 'Omwc kami� plhrofor�a giato s�sthma anafor�c den par�qetai kai kami� s�ndesh me th fusik� pragmatik�thta den



112 H DORUFORIKH ALTIMETRIAparousi�zetai. Apaite�tai sthn per�ptwsh aut�n �na de�tero b�ma ex�rthshc tou �lousust�matoc twn troqiak�n tom�n sto s�sthma anafor�c.3.7 Prosdiorism�c altimetriko� geweido�cTa altimetrik� dedom�na pou diorj�nontai me tic proanaferje�sec teqnik�c apotelo�n �mesecparathr�seic thc jal�ssiac epif�neiac. 'Opwc e�nai gnwst�, h jal�ssia epif�neia sund�etai�mesa me th jemeli�dh isodunamik� epif�neia tou ped�ou bar�thtac, to geweid�c.Sthn per�ptwsh pou ta altimetrik� g�noun anex�rthta tou qr�nou, dhlad� qrhsimopoihje�mia m�sh tim� sta shme�a parat�rhshc, t�te e�nai dunat� na proseggiste� h epif�neia tougeweido�c, afo� oi epoqiak�c diaqronik�c metabol�c thc jal�ssiac st�jmhc �qoun apoma-krunje�. Ak�ma kai sthn per�ptwsh aut� �mwc, h epif�neia pou prosegg�zetai me th qrh-simopo�hsh twn altimetrik�n dedom�nwn kai m�no diaf�rei ap� thn isodunamik� epif�neiatou geweido�c kat� �na sqed�n st�simo s�ma, to opo�o onom�zetai st�simo tm�ma thcdunamik�c jal�ssiac topograf�ac (quasi-stationary dynamic ocean topography). Oitim�c thc dunamik�c jal�ssiac topograf�ac ex�rt�ntai �mesa ap� tic fusik�c kai qhmik�cidi�thtec tou nero� sthn perioq� mel�thc kai eidik�tera ap� thn alat�thta kai th jermo-kras�a. Pagk�smia mont�la qrhsimopoio�ntai sun�jwc gia ton upologism� thc dunamik�cjal�ssiac topograf�ac. Periss�tera gia tic idi�thtec kai ta mont�la upologismo� thcdunamik�c jal�ssiac topograf�ac d�nontai sto kef�laio 5.Met� kai thn apom�krunsh tou s�matoc thc dunamik�c jal�ssiac topograf�ac ta altime-trik� dedom�na mpore� na qrhsimopoihjo�n gia thn pros�ggish thc epif�neiac tou geweido�c,to opo�o sthn per�ptwsh qr�shc apokleistik� altimetrik�n dedom�nwn onom�zetai alti-metrik� geweid�c (altimetric geoid). Me thn axiopo�hsh twn altimetrik�n dedom�nwnbelti�jhke h gn�sh gia to exwterik� ped�o bar�thtac kai to jal�ssio geweid�c, idia�tera sewke�niec perioq�c, stic opo�ec oi klasiko� tr�poi pros�ggishc (jal�ssia baruthmetr�a) den�tan dunat� na qrhsimopoihjo�n, kur�wc l�gw uyhlo� k�stouc. H belt�wsh thc gn�shc macgia to ped�o bar�thtac phg�zei ap� th dunat�thta qrhsimopo�hshc twn dedom�nwn thc alti-metr�ac gia thn p�knwsh twn b�sewn me dedom�na bar�thtac. H efarmog� thc ant�strofhcsq�shc tou Stokes, �pwc ep�shc kai h qr�sh statistik�n teqnik�n apot�lesan ta endi�mesasust�mata metax� twn altimetrik�n dedom�nwn eis�dou kai twn anwmali�n bar�thtac ex�dou(bl. kef. 6). Pagk�smiec b�seic jal�ssiac bar�thtac proerq�menhc ap� antistrof� altime-trik�n uyom�trwn tou geweido�c parousi�zontai ap� touc Sandwell and Smith [69] kai ap�touc Knudsen and Andersen [49]. Mia mel�th prosdiorismo� tou geweido�c kai genik�terapros�ggishc tou ped�ou bar�thtac sthn perioq� thc Mesoge�ou me sunduasm� altimetrik�ndedom�nwn tou ERS-1 kai tou T/P qrhsimopoi�ntac th m�jodo thc shmeiak�c prosarmog�ckai thn teqnik� twn metasqhmatism�n Fourier parousi�zetai ap� touc Arabelos and Tziavos[4].3.8 Anakefala�wshTo kef�laio aut� anaf�retai sth doruforik� altimetr�a. Parousi�sthke m�a istorik� ana-drom� twn mej�dwn parat�rhshc twn wkean�n ap� to di�sthma kai perigr�fhkan ta qara-kthristik� twn palai�terwn, s�gqronwn kai mellontik�n altimetrik�n apostol�n. H doru-forik� altimetr�a, �pwc anaf�rjhke kai sthn eisagwg�, apotele� �nan ap� touc par�gontecs�ndeshc twn episthm�n thc gewdais�ac kai thc wkeanograf�ac kai ta apotel�smat� thcsund�oun thn epif�neia tou geweido�c me thn epif�neia thc dunamik�c jal�ssiac topograf�ac.Anal�jhke h arq� thc doruforik�c altimetr�ac kai parousi�sthkan oi phg�c twn sfalm�twnpou ephre�zoun tic altimetrik�c parathr�seic, kaj�c ep�shc kai oi tr�poi antimet�pis�ctouc. Idia�terh �mfash d�jhke sthn perigraf� thc aktinik�c troqiak�c ep�drashc pou apo-tele� thn kuri�terh ait�a sf�lmatoc stic parathr�seic. Anaf�rjhkan oi tr�poi proepe-xergas�ac twn parathr�sewn, ap� th sullog� touc m�qri kai th diajesim�thta touc stouc



KEFALAIO 3 113qr�stec. Anal�jhkan tr�poi di�rjwshc kai axiol�ghshc, kaj�c ep�shc kai ta kuri�teramont�la sun�rjwshc twn altimetrik�n dedom�nwn. T�loc, parousi�sthkan m�jodoi prosdio-rismo� jal�ssiou altimetriko� geweido�c.To kef�laio aut�, se sunduasm� me to ep�meno, pou anaf�retai stic mej�douc m�trhshcthc bar�thtac sth j�lassa, perigr�foun tic k�riec metrhtik�c diergas�ec, ta apotel�smatatwn opo�wn eis�gontai stouc algor�jmouc thc jewr�ac twn susthm�twn.
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Kef�laio 4H jal�ssia baruthmetr�a4.1 Eisagwg�'Opwc e�nai gnwst�, to 71% per�pou thc g�inhc epif�neiac kal�ptetai ap� touc wkeano�c. Giathn oloklhrwm�nh kai axi�pisth apeik�nish tou g�inou ped�ou bar�thtac e�nai apara�thth hplhrofor�a se jal�ssiec perioq�c. To jal�ssio perib�llon, l�gw thc f�shc tou, parousi�zeik�poiec idiaiter�thtec, �tan antimetwp�zetai wc �na perib�llon metr�sewn. H dunamik� touwke�niou perib�llontoc se sunduasm� me to m�gejoc thc metrhtik�c epif�neiac kajisto�napara�thtec taqe�ec diadikas�ec parat�rhshc, kur�wc l�gw oikonomik�n krithr�wn. L�gwtou idi�zontoc perib�llontoc twn metr�sewn stic jal�ssiec ekt�seic, pr�pei na lamb�nontaiup�yh k�poiec epipl�on diorj�seic. H �lh metrhtik� diadikas�a antimetwp�zetai s�mera meth belt�wsh twn org�nwn kai th beltistopo�hsh thc axiol�ghshc twn dedom�nwn.4.2 H metrhtik� diadikas�aOi metr�seic sth j�lassa pragmatopoio�ntai me th bo�jeia sqetik�n baruthm�trwn [26],[32]. H diadikas�a twn metr�sewn sthn xhr� kai oi diorj�seic pou efarm�zontai stic arqik�cparathr�seic perigr�fontai leptomer�c stic anafor�c [26] kai [32]. Eidik�tera, oi metr�seicse wke�niec ekt�seic mpore� na pragmatopoihjo�n, e�te ston pujm�na thc j�lassac, e�te seeidik� diamorfwm�nec sqed�ec sthn epif�neia. Sthn pr�th per�ptwsh, oi metr�seic e�naidunat� na pragmatopoihjo�n �tan [26]:� To barut�metro buj�zetai maz� me ton parathrht� sto eswterik� en�c upobruq�ou, �� tropopoie�tai kat�llhla, me tr�po �ste na e�nai dunat� na bujiste�, ant�qontac thnudrostatik� p�esh kai par�qontac th dunat�thta thc ap� ap�stash an�gnwshc twnmetr�sewn kai el�gqou.Ta tropopoihm�na barut�metra (barut�metra pujm�na) apotelo�ntai ap� thn k�ria mon�dam�trhshc thc bar�thtac, h opo�a buj�zetai m�qri ton pujm�na, th mon�da tou kur�wc el�gqoukai thn oj�nh probol�c twn apotelesm�twn, oi opo�ec br�skontai p�nw sto plo�o kai tahlektrik� kal�dia s�ndeshc. H diadikas�a twn metr�sewn e�nai an�logh me th diadikas�ametr�sewn stic hpeirwtik�c ekt�seic kai el�gqetai ap� ton parathrht� p�nw sto plo�o.An�loga me thn kat�stash thc jal�ssiac epif�neiac (sea-state) kai th morf� tou jal�ssioupujm�na, akr�beiec thc t�xhc twn �0.02...0.2 mGals e�nai dunat� na epiteuqjo�n me thnpro�p�jesh �ti �qei efarmoste� �legqoc thc ol�sjhshc tou org�nou (drift control) se ka-t�llhlouc stajmo�c s�ndeshc me to hpeirwtik� d�ktuo. Oi diorj�seic kai h proepexergas�atwn parathr�sewn sthn per�ptwsh p�ntishc twn eidik� diamorfwm�nwn baruthm�trwn e�nai�moia me thn per�ptwsh metr�sewn se hpeirwtik�c ekt�seic kai perigr�fontai leptomer�cstic anafor�c [26], [32]. 'Opwc g�netai antilhpt�, h metrhtik� diadikas�a sthn per�ptwsh121



122 H JALASSIA BARUTHMETRIAaut� den e�nai taqe�a: 10 me 20 shme�a e�nai dunat� na metrhjo�n sth di�rkeia miac m�rac[26].Gia thn epit�gqunsh twn metr�sewn se wke�niec ekt�seic qrhsimopoio�ntai barut�metrakat�llhla exarthm�na se kino�menec sqed�ec. Oi metr�seic auto� tou e�douc par�qoun su-neqe�c tim�c kat� m�koc thc pore�ac tou plo�ou. Sthn per�ptwsh aut� e�nai dunat� h taqe�akatagraf� tou meg�jouc tou dian�smatoc thc bar�thtac, me thn par�llhla anap�feukthm�trhsh k�poiwn parembol�n l�gw thc k�nhshc tou plo�ou kai thc ast�jeiac tou metrh-tiko� mhqanismo�. H arq� twn metr�sewn me barut�metra pou sthr�zontai sthn arq� touelathr�ou kai sthn arq� tou ekkremo�c perigr�fontai stic anafor�c [32], [26], [16] kaianaf�rontai, t�so se metr�seic hpeirwtik�n ekt�sewn, �so kai se metr�seic sth j�lassa.Merik� parade�gmata baruthm�trwn, kat�llhla tropopoihm�nwn gia jal�ssiec efarmog�ce�nai ta pr�ta GSS2 thc Askania [7] kai thc Lacoste-Romberg [15], to MIT VSA Surface-Ship Gravimeter tou Teqnologiko� Instito�tou thc Massaqous�thc [31], to BGM-3 thcBell Aerospace [4] kai ta GSS30, KSS5, KSS30, KSS31 thc Askania [16].H diadikas�a twn metr�sewn sth j�lassa kai h epexergas�a twn b�sewn dedom�nwnexel�ssetai se �xi st�dia [16]:1. Ex�rthsh tou baruthm�trou jal�sshc se �nan hpeirwtik� stajm�.2. Diadikas�a metr�sewn sto jal�ssio perib�llon.3. Ekt�mhsh thc ap�klishc tou baruthm�trou l�gw thc k�pwshc twn mhqanik�n mer�n.4. Efarmog� twn kat�llhlwn diorj�sewn.5. Upologism�c tou meg�jouc tou dian�smatoc thc bar�thtac.6. Prosdiorism�c thc anwmal�ac eleuj�rou a�ra.Se kaj�na ap� ta parap�nw st�dia e�nai dunat� na emfanisto�n sf�lmata, an�loga me thnarq� m�trhshc tou baruthm�trou, tic strathgik�c pou akoloujo�ntai gia thn olokl�rwshtwn metr�sewn, ta shme�a anafor�c pou qrhsimopoio�ntai � thn poi�thta upologismo� twnapara�thtwn diorj�sewn.H bajmon�mhsh tou baruthm�trou jal�sshc qrhsime�ei ston prosdiorism� kai ston�legqo twn mhqanik�n kai hlektronik�n stajer�n tou kai thc stajeropo�hs�c tou sth sqed�aple�shc. E�nai apara�thth h gn�sh thc sun�rthshc bajmon�mhshc en�c baruthm�trou giathn kat�llhlh metatrop� twn metr�sewn stic mon�dec tou ped�ou bar�thtac [32], [26]. H pa-rap�nw sun�rthsh montelopoie�tai me th bo�jeia en�c ajro�smatoc poluwnumik�n �rwn qa-mhl�c t�xhc kai periodik�n qronik�n param�trwn. Oi par�metroi tou mont�lou upolog�zontaisugkr�nontac tic metabol�c tou ped�ou bar�thtac se gnwst� shme�a [16].H ap�klish tou baruthm�trou ofe�letai sthn k�pwsh twn mhqanik�n mer�n tou org�noukai sthn ep�drash exwterik�n parag�ntwn, �pwc metabol�c thc p�eshc kai kai thc jermo-kras�ac, all� ak�mh kai se epidr�seic ap� th metafor� kai th qr�sh tou org�nou sto ped�o.H tim� thc ap�klishc upolog�zetai sun�jwc met� ap� s�gkrish twn metr�sewn se stajmo�canafor�c, �pou h tim� thc bar�thtac e�nai gnwst�.Idia�terh shmas�a apokt�, kat� th diadikas�a twn jal�ssiwn metr�sewn, h stajer�thtatou baruthm�trou, eidik�tera �tan efarm�zetai h m�jodoc thc ex�rthshc ap� mia sqed�aple�shc. H sqed�a ple�shc pr�pei na e�nai stajer�, �tsi �ste na elaqistopoio�ntai oiepidr�seic ap� thn k�nhsh tou sk�fouc. Gia to l�go aut�n, h metrhtik� suskeu� topo-jete�tai se m�roc tou plo�ou pou parousi�zei tic mikr�terec anatar�xeic. H stajeropo�hshpragmatopoie�tai me th bo�jeia guroskopik�n mhqanism�n.H diadikas�a twn metr�sewn sto jal�ssio perib�llon apotele�tai ap� d�o st�dia [16]:- Sunduasm�c ep�geiwn kai jal�ssiwn metr�sewn gia th swst� s�ndesh twn dikt�wn.- Thn k�ria diadikas�a metr�sewn sth j�lassa.



KEFALAIO 4 123Oi metr�seic s�ndeshc sthn prokuma�a, prin thn anaq�rhsh tou sk�fouc, perilamb�nound�o seir�c metr�sewn ep�geiwn kai jal�ssiwn. To gegon�c aut� epitr�pei, ap� th mia thnex�rthsh twn metr�sewn tou baruthm�trou jal�sshc ap� stajmo�c anafor�c, �pou h tim�thc bar�thtac e�nai gnwst�, kai ap� thn �llh, thn anagwg� twn metr�sewn sthn m�sh st�jmhthc j�lassac. Oi ep�geiec metr�seic bohjo�n sthn ex�rthsh ap� to baruthmetrik� d�ktuoanafor�c kai epipl�on epitr�poun ton upologism� thc qronik�c ap�klishc twn metr�sewnl�gw thc k�pwshc twn hlektronik�n mer�n tou org�nou. Gia thn ex�rthsh twn jal�ssiwnmetr�sewn qrhsimopoio�ntai oi klasik�c sq�seic, oi opo�ec lamb�noun up�yh to uy�metrothc prokuma�ac se sq�sh me tic metabol�c thc st�jmhc thc j�lassac [6]. Oi jal�ssiecmetr�seic sunode�ontai p�ntote me metr�seic hqobolistik�n suskeu�n, �ste na kaj�stataidunat� h anagwg� twn metr�sewn sth m�sh st�jmh thc j�lassac.Met� th s�ndesh me to hpeirwtik� d�ktuo akolouje� h diadikas�a metr�sewn sto jal�ssioperib�llon. K�je deuter�lepto, dedom�na plo�ghshc apost�llontai sto tm�ma el�gqoutou baruthm�trou. Ta stoiqe�a aut� sqet�zontai me to gewgrafik� m�koc kai pl�toc thstigm� thc m�trhshc kai th die�junsh kai taq�thta tou sk�fouc. Ta stoiqe�a aut� e�naiapara�thta gia thn efarmog� twn kat�llhlwn diorj�sewn stic metr�seic tou baruthm�trou.Se di�sthma merik�n deuterol�ptwn, to s�sthma el�gqou tou baruthm�trou st�lnei to me-trhtik� s�ma, to opo�o apotele�tai ap� thn hmeromhn�a, thn �ra, tic diorj�seic kai tic telik�upologism�nec tim�c twn anwmali�n eleuj�rou a�ra kai Bouguer. To st�gma tou plo�ou thstigm� thc m�trhshc, �pwc ep�shc kai ta dedom�na anwmali�n eleuj�rou a�ra kai Bouguerapotelo�n ta telik� stoiqe�a thc b�shc twn baruthmetrik�n dedom�nwn.4.3 Oi diorj�seic twn metr�sewn sth j�lassa4.3.1 Metr�seic se kino�menec sqed�ecOi metr�seic se kino�menec sqed�ec sth di�rkeia ple�shc tou sk�fouc par�qoun suneqe�ctim�c kat� m�koc thc gramm�c ple�shc tou plo�ou. Gia stajer� taq�thta thc sqed�ac v, htim� tou metro�menou meg�jouc thc bar�thtac, �ntac sun�rthsh thc diadrom�c tou sk�fouc,mpore� na metasqhmatiste� se sun�rthsh tou qr�nou t [26]:g = g(v � t): (4.1)H tim� thc m�trhshc pou katagr�fetai ap� to jal�ssio barut�metro ephre�zetai ap� dia-taraktik�c epitaq�nseic (disturbing accelerations) meg�lhc poikil�ac megej�n kai su-qnot�twn. Oi diatar�xeic aut�c e�nai sunart�seic sunjhk�n anex�rthtwn ap� th metrhtik�suskeu� (kat�stash thc epif�neiac thc j�lassac, �nemoc, strobilismo�), tou t�pou kata-skeu�c thc sqed�ac (epifaneiak�, upobr�qia), tou el�gqou plo�ghshc thc sqed�ac kai thcefarmog�c tou org�nou sth sqed�a.H katak�rufh sunist�sa twn diataraktik�n epitaq�nsewn epidr� �mesa sth m�trhshtou meg�jouc tou dian�smatoc thc bar�thtac (diataraktik� ep�drash pr�thc t�xhc), en�h oriz�ntia sunist�sa prokale� poik�lec epidr�seic, mei�nontac sun�jwc thn pragmatik�tim� thc bar�thtac. H oriz�ntia ep�drash exart�tai ap� ton topik� prosanatolism� toumetrhtiko� sust�matoc se sq�sh me th die�junsh thc katakor�fou kai th die�junsh thcepit�gqunshc (diataraktik� ep�drash de�terhc t�xhc).Mia �llh kathgor�a epidr�sewn e�nai h ep�drash twn adraneiak�n epitaq�nsewn (iner-tial accelerations), oi opo�ec ofe�lontai sth sqetik� k�nhsh thc sqed�ac wc proc th Gh.4.3.2 Diataraktik�c epitaq�nseic kat� thn katak�rufoTo m�gejoc tou dian�smatoc thc bar�thtac e�nai dunat� na diaqwriste� epituq�c ap� ticdiataraktik�c epitaq�nseic pou epidro�n sth die�junsh thc katakor�fou m�no sthn per�ptwshpou to e�roc twn suqnot�twn twn teleuta�wn e�nai diaforetik� ap� thn epijumht� dom� tou



124 H JALASSIA BARUTHMETRIAped�ou bar�thtac (teqnik�c filtrar�smatoc) � sthn per�ptwsh pou e�nai diaj�simh exwterik�plhrofor�a (kat�stash ple�shc).Oi epidr�seic twn diatar�xewn e�nai dunat� na perioristo�n me thn efarmog� mh perio-diko� filtrar�smatoc (damping). To f�ltro pr�pei na �qei m�a grammik� ep�drash, h opo�ampore� na epalhjeute� met� ap� ergasthriak�c metr�seic prosomo�wshc. Oi diatar�xeicmikr�c peri�dou e�nai dunat� na meiwjo�n me efarmog� kat�llhlou qamhloperato� f�ltrou.H diadikas�a filtrar�smatoc sqet�zetai me thn e�resh thc sun�rthshc ap�krishc palmo� ako-louj�ntac kat�llhla krit�ria elaqistopo�hshc. Ta krit�ria kai h e�resh thc sun�rthshcs�ndeshc twn shm�twn eis�dou kai ex�dou anaf�rontai leptomer�c sto kef�laio 6. T�soanalogik�, �so kai yhfiak� f�ltra e�nai dunat� na qrhsimopoihjo�n gia thn elaqistopo�hshtwn katak�rufwn epidr�sewn.4.3.3 Oriz�ntiec diataraktik�c epitaq�nseicTo s�sthma twn jal�ssiwn metr�sewn e�nai dunat� na �qei th dunat�thta ele�jerwn tala-nt�sewn (gimbal-suspended) � na exart�tai ap� m�a sqed�a me guroskopik� mhqanism�, oopo�oc exanagk�zei to s�sthma se oriz�ntia eujugr�mmish. E�n me ax kai ay sumbol�zontaioi sunist�sec kat� th die�junsh x kai y ant�stoiqa, h oriz�ntia diataraktik� epit�gqunshd�netai ap� [26]: h(t) = (a2x + a2y)1=2: (4.2)Sthn pr�th per�ptwsh, to s�sthma eujugramm�zetai me thn ep�drash thc bar�thtac, thckatak�rufhc ep�drashc twn diatar�xewn kai thc oriz�ntiac ep�drashc twn diatar�xewn. Hparathro�menh pos�thta fa�netai sto sq�ma 4.1 kai iso�tai, an agno�soume thn ep�drashtwn katakor�fwn epitaq�nsewn, me:g�(t) = (g2 + h(t)2)1=2 (4.3)H fain�menh gwn�a thc katakor�fou d�netai ap�:�(t) = h(t)g : (4.4)H ep�drash twn oriz�ntiwn diataraktik�n epitaq�nsewn sumb�llei sth megistopo�hsh thc

Sq�ma 4.1: Epidr�seic twn oriz�ntiwn diataraktik�n epitaq�nsewn (sq�ma ap� [26]).tim�c thc bar�thtac. Gia thn antimet�pish tou fainom�nou auto� qrhsimopoie�tai h di�rjwshBrowne, h opo�a d�netai ap� thn ex�swsh [26]:�gBr = g � g� = �h(t)22g = �g2�(t)2: (4.5)



KEFALAIO 4 125Oi arijmhtik�c duskol�ec ston prosdiorism� thc di�rjwshc Browne sthn per�ptwsh meg�lwnoriz�ntiwn diataraktik�n epitaq�nsewn (> 0.5 m/sec2) kai h an�ptuxh guroskopik�n mhqa-nism�n uyhl�c stajer�thtac, e�qan wc apot�lesma th mh qrhsimopo�hsh thc mej�dou aut�cap� ta m�sa tou 1960. H egkat�stash tou metrhtiko� sust�matoc se guroskopiko�c mh-qanismo�c uyhl�c stajer�thtac par�qei s�mera orizonti�seic uyhl�c akribe�ac (�1' kaikal�terec).Ta upoloip�mena sf�lmata el�gqou orizont�wshc prokalo�n epipl�on apokl�seic kaiephre�zoun thn tim� thc m�trhshc onom�zontai sf�lmata mh-epiped�thtac (o�-levelingerrors). 'Opwc diakr�netai kai ap� to sq�ma 4.1, h gwn�a kl�shc �(t), h opo�a prokale�taiap� thn oriz�ntia epit�gqunsh h(t) odhge� se mia metro�menh tim� pou d�netai ap�:g� = g cos �(t) + h(t) sin �(t); (4.6)kai gia mikr� tim� thc gwn�ac g� = g�1� �(t)22 �+ h(t)�(t): (4.7)Ap� thn parap�nw sq�sh, h di�rjwsh l�gw tou fainom�nou thc mh-epiped�thtac d�netai wcex�c: �goff = g � g� = g �(t)22 � h(t)�(t): (4.8)'Opwc fa�netai, h di�rjwsh mh-epiped�thtac qwr�zetai se �na statik� m�roc pou sqet�zetaime statik� sunist�sa thc kl�shc kai �na dunamik� par�gonta pou afor� sth dunamik� k�nhshtou sk�fouc. 'Opwc anaf�retai sth bibliograf�a ta sf�lmata mh-epiped�thtac e�nai genik�mikr�, thc t�xhc twn 0 �wc 3 mGal [22].Fain�mena dia-s�ndeshc (cross-coupling) e�nai dunat� na sumbo�n sta barut�metraoriz�ntiou elathr�ou str�yhc t�pou Lacoste and Romberg kai Gra�-Askania [32]. To fain�-meno aut� sumba�nei �tan to st�leqoc pou sund�ei to elat�rio me th m�za den e�nai orizon-tiwm�no. Sthn per�ptwsh aut�, oi oriz�ntiec epitaq�nseic tou plo�ou ja �qoun mia sunist�sak�jeth sto st�leqoc kai gia to l�go aut�n mh diakrit� ap� tic katak�rufec diatar�xeic [30].H di�rjwsh thc dia-s�ndeshc, se ant�jesh me th di�rjwsh thc mh-epiped�thtac, exart�tai�ntona ap� thn pore�a tou sk�fouc sth j�lassa [25], [22]. To fain�meno thc dia-s�ndeshcfa�netai sto sq�ma 4.2. H katak�rufh sunist�sa thc epit�gqunshc az(t) prokale� thn

Sq�ma 4.2: To fain�meno thc dia-s�ndeshc sta barut�metra oriz�ntiou elathr�ou str�yhc(sq�ma ap� [26]).ap�klish �(t) tou stel�qouc kai h oriz�ntia epit�gqunsh h(t), energ�ntac met� ap� miasugkekrim�nh diafor� f�shc, prokale� mia epiple�n str�yh. H an�gnwsh tou baruthm�troulamb�netai wc g� = g � h(t)�(t): (4.9)



126 H JALASSIA BARUTHMETRIASthn per�ptwsh periodik�c k�nhshc me �sec peri�douc sta az; h; �h = h0 sin!t; � = �0 sin(!t+ �); (4.10)kai oloklhr�nontac se �lh thn per�odo T , h di�rjwsh thc dia-s�ndeshc d�netai ap� [26]:��gCC = �g � �g� = 12h0�0 cos�: (4.11)To fain�meno thc dia-s�ndeshc parousi�zetai m�gisto sthn per�ptwsh pou h gwn�a � lamb�neithn tim� 0� � 180�. Upolog�zetai ap� suneqe�c metr�seic tou �(t) kai tou h(t) [25]. Oiepidr�seic tou fainom�nou e�nai dunat� na elaqistopoihjo�n me suneq� epanaprosdiorism�tou braq�ona wc proc ton or�zonta, me metr�seic met�bashc-epistrof�c k�tw ap� �moiecsunj�kec � me sunduasm� metr�sewn d�o baruthm�trwn pou sqhmat�zoun gwn�a 180� metax�touc.4.3.4 Adraneiak�c epitaq�nseic l�gw thc g�inhc peristrof�cAn�loga me thn pore�a, thn taq�thta kai to gewgrafik� pl�toc thc j�shc tou plo�ou, han�gnwsh tou baruthm�trou ephre�zetai ap� �na epipl�on sf�lma. Sthn per�ptwsh pouh pore�a tou sk�fouc e�nai proc ta anatolik�, h taq�thta tou sk�fouc prost�jetai sthntaq�thta peristrof�c thc Ghc prokal�ntac mia a�xhsh thc fug�kentrou d�namhc kai epom�-nwc mia el�ttwsh sthn an�gnwsh thc baruthmetrik�c tim�c [16]. Upoj�tontac �na sfairik�g�ino mont�lo kai �na stoqastik�, st�simo metrhtik� s�sthma, to opo�o peristr�fetai maz�me th Gh, h tim� thc bar�thtac d�netai ap� [26]:g = GMr2 � !2r cos2 �; (4.12)�pou GM e�nai to gin�meno thc m�zac thc Ghc me th stajer� pagk�smiac �lxhc, ! h gwniak�taq�thta peristrof�c thc Ghc, r h aktinik� ap�stash ap� to ge�kentro kai � to gewgrafik�pl�toc. Gia ton upologism� thc epit�gqunshc Colioris, h taq�thta thc platf�rmac anal�etaise d�o sunist�sec: m�a kat� th die�junsh Anatol�c-D�shc kai m�a kat� th die�junshBorr�-N�tou (bl. kai sq�ma 4.3). H pr�th sunist�sa prost�jetai sthn (afaire�tai ap�

Sq�ma 4.3: Oi epitaq�nseic l�gw thc g�inhc peristrof�c (sq�ma ap� [26]).thn) ! wc gwniak� taq�thta v � sin�=(r � cos�) sthn per�ptwsh plo�ou pou kine�tai proc taanatolik� (dutik�), �pou �, to azimo�jio ple�shc. O de�teroc �roc prokale� mia fug�kentrhepit�gqunsh kat� to meshmbrin�. Se �na kino�meno metrhtik� s�sthma parathre�tai telik�h tim� [26]: g� = GMr2 � �! + v sin�r cos��2r cos2 �� �v cos�r �2r: (4.13)



KEFALAIO 4 127H di�rjwsh E�otv�os (E�otv�os correction) efarm�zetai stic parathro�menec baruthmetrik�ctim�c sth j�lassa gia thn apaloif� twn adraneiak�n epitaq�nsewn. H di�rjwsh aut� sesfairik� pros�ggish d�netai ap� thn ex�swsh [26]:�gE = g � g� = 2!v cos� sin�+ v2r : (4.14)Sthn per�ptwsh metr�sewn sth j�lassa h di�rjwsh mpore� na aplopoihje� wc ex�c (r = R =6371km) [26]: �gE = 400v cos� sin�+ 0:12v2 mGal (4.15)Gia ton akrib� upologism� thc di�rjwshc E�otv�os e�nai apara�thth suneq�c plhrofor�asqetik� me thn kat�stash ple�shc. Efarm�zontac to n�mo met�doshc twn sfalm�twnkai jewr�ntac tic metr�seic asusq�tistec, upolog�zetai h ep�drash ston prosdiorism� thcdi�rjwshc ap� ta sf�lmata sth m�trhsh twn v, � kai �, �tan oi metro�menec plhrofor�ecple�shc jewro�ntai asusq�tistec metax� touc:�2�gE = (400 cos� sin�+ 0:24v)2�2v+ (�400v sin� sin�)2�2� (4.16)+ (400v cos� cos�)2�2�Se metr�seic kat� m�koc en�c gewdaitiko� parall�lou (meshmbrino�), apaito�ntai uyhl�cakr�beiec ston prosdiorism� twn taqut�twn (azimouj�wn). H taq�thta tou plo�ou pr�pei naupolog�zetai me mia akr�beia thc t�xhc twn �0.1: : :0.2 km/h kai to azimo�jio me akr�beia�0.5�. Se pagk�smia kl�maka, oi parap�nw akr�beiec epitugq�nontai me th bo�jeia twndoruforik�n susthm�twn prosdiorismo� j�shc, �pwc e�nai to G.P.S.4.4 Oi phg�c twn sfalm�twnOi metr�seic bar�thtac sth j�lassa e�nai dunat� na taxinomhjo�n se d�o diaforetik�c ka-thgor�ec: Metr�seic pou anaf�rontai se sugkekrim�nh per�odo ap� �na for�a kai metr�seicpou pragmatopoio�ntai se diaforetik�c peri�douc � ap� diaforetiko�c fore�c. Diafa�netai,loip�n, t�so h an�gkh axiol�ghshc twn metr�sewn eswterik�, sta pla�sia miac sugke-krim�nhc apostol�c, �so kai h an�gkh b�ltistou sunduasmo� twn metr�sewn ap� diafo-retiko�c fore�c. Apara�thth gia tic d�o parap�nw diergas�ec e�nai h an�lush twn phg�n twnsfalm�twn twn metr�sewn.4.4.1 Phg�c sfalm�twn sthn per�ptwsh omogen�n b�sewnOi metr�seic bar�thtac sth j�lassa jewro�ntai omogene�c ap� th stigm� pou an�koun sekoin� metrhtik� apostol�. Ta sf�lmata stic metr�seic bar�thtac sth j�lassa e�nai dunat�na diakrijo�n se p�nte kur�arqouc t�pouc [16]:1. Ta sf�lmata sto stajm� anafor�c, ta opo�a sqet�zontai me ta sf�lmata s�ndeshcpou ofe�lontai, e�te sto barut�metro sth steri�, e�te sthn kak� poi�thta tou baruth-metriko� stajmo�.2. Ta sf�lmata pou ofe�lontai sto barut�metro j�lassac.3. Ta sf�lmata exait�ac tou gegon�toc �ti to metrhtik� s�sthma br�sketai ep�nw se �nakino�meno plo�o (parasitik�c epitaq�nseic, mh orizont�wsh b�shc).4. Ta sf�lmata exait�ac thc abebai�thtac stic ektim�seic twn diorj�sewn (di�rjwshE�otv�os).



128 H JALASSIA BARUTHMETRIA5. Ta sf�lmata pou ofe�lontai sthn abebai�thta ston prosdiorism� thc j�shc tou plo�ou.Gia thn ap�kthsh metr�sewn omoiogeno�c akr�beiac diaforetiko� t�poi f�ltrwn kai diorj�-sewn efarm�zontai stic parathr�seic gia thn elaqistopo�hsh twn perissot�rwn sfalm�twnkatagraf�c (mhqanismo� twn metr�sewn) [24], [25] kai twn sfalm�twn pou ofe�lontai sekak�c sunj�kec metr�sewn � apl�c se �llec epidr�seic, �pwc h ep�drash tou fainom�nouE�otv�os.Par�gontec sfalm�twn sthn ep�geia baruthmetr�aTo barut�metro e�nai mia suskeu� m�trhshc pol� eua�sjhth. K�je per�ptwsh diataraq�ctou ed�fouc katagr�fetai ap� ta mhqanik� m�rh tou org�nou. Oi diataraq�c aut�c mpore�na ofe�lontai, e�te se a�tia mikroseismik�, e�te l�gw thc kat�stashc thc j�lassac kai toua�ra kont� sto shme�o s�ndeshc sthn probl�ta, e�te, t�loc, l�gw twn diatar�xewn pou e�naidunat� na proklhjo�n ap� to p�rasma en�c meg�lou oq�matoc, to opo�o kine�tai kont� stoshme�o m�trhshc. Se aut�c tic peript�seic arke� h diakop� twn metr�sewn �wc �tou pa�sounoi diatar�xeic. H parous�a hlektromagnhtik�n ped�wn ephre�zei tic metr�seic. Apaite�taih apofug� pragmatopo�hshc metr�sewn se �na perib�llon me isqur�c hlektromagnhtik�cepidr�seic. To gegon�c aut� g�netai antilhpt� ap� th duskol�a sth stajeropo�hsh thcan�gnwshc tou org�nou. Gia th di�rjwsh twn parap�nw sfalm�twn prote�netai h diadikas�atwn metr�sewn na pragmatopoie�tai kat' el�qisto d�o for�c (met�bash kai epistrof�) [16].Ep�drash parasitik�n epitaq�nsewnH ep�drash twn adraneiak�n epitaq�nsewn e�nai shmantik�. 'Opwc �qei anaferje� gia thnakrib� pros�ggish thc ep�drashc aut�c apara�thth e�nai h �so to dunat� akrib�sterh gn�shthc j�shc kai thc pore�ac tou plo�ou. Prin to 1967, me tic paradosiak�c teqnik�c pros-diorismo� thc j�shc tou plo�ou, o lanjasm�noc prosdiorism�c twn adraneiak�n epidr�sewnodhgo�se se pol� qamhl�c akr�beiec m�trhshc tou ped�ou bar�thtac sth j�lassa. Me thn�leush twn s�gqronwn susthm�twn prosdiorismo� j�shc (p.q., G.P.S.) oi akr�beiec aut�cbelti�jhkan shmantik�. 'Oson afor� stic oriz�ntiec kai katak�rufec diataraktik�c epi-taq�nseic, aut�c ephre�zontai shmantik� ap� ton t�po tou org�nou kai thn kat�stash thcj�lassac [16]. Sumperasmatik�, o �legqoc tou sun�lou twn diataraktik�n epitaq�nsewnexart�tai kur�wc ap� treic par�gontec:� Tic metewrologik�c sunj�kec th stigm� twn metr�sewn.� Th die�junsh ple�shc.� Ton prosdiorism� thc j�shc tou sk�fouc.Ep�drash tou entopismo� j�shcSf�lmata ston entopism� thc j�shc tou plo�ou �qoun wc apot�lesma sf�lma ston upolo-gism� thc di�rjwshc E�otv�os kai stic gewgrafik�c suntetagm�nec thc b�shc twn dedom�nwn.Mia lanjasm�na upologism�nh pore�a ple�shc e�nai dunat� na upobajm�sei mia baruthme-trik� �deush, eidik� stic peript�seic zwn�n me isqur�c metabol�c thc tim�c thc bar�thtac(p.q., z�nec upojal�ssiwn oroseir�n). To sf�lma sth b�sh dedom�nwn ja e�nai megal�tero�so meg�lec e�nai kai oi metabol�c tou ped�ou bar�thtac sthn perioq� twn metr�sewn. Sthshmerin� epoq� me thn ex�lixh twn susthm�twn prosdiorismo� j�shc akribe�ac (p.q., G.P.S.),ta parap�nw fain�mena e�nai amelht�a.4.4.2 H proepexergas�a twn jal�ssiwn baruthmetrik�n dedom�nwnOi metr�seic sth j�lassa e�nai dunat� na peri�qoun di�fora qondroeid� sf�lmata. Aut�sumba�nei exait�ac twn pollapl�n diorj�sewn pou apaite�tai na efarm�zontai stic prw-



KEFALAIO 4 129togene�c metr�seic. H �parxh aut�n twn diorj�sewn pollaplasi�zei thn pijan�thta qon-droeid�n sfalm�twn stic metr�seic.To pr�to b�ma gia thn axiol�ghsh twn metr�sewn pragmatopoie�tai me ton entopism�twn qondroeid�n sfalm�twn. Afo� oi metr�seic e�nai susqetism�nec sto q�ro, e�nai dunat�h s�gkrish miac parat�rhshc me thn tim� pr�gnwshc sto �dio shme�o, h opo�a pro�rqetaiap� tic geitonik�c tim�c. H pr�gnwsh bas�zetai sto mont�lo thc shmeiak�c pr�gnwshc[21] kai h diadikas�a de diaf�rei kaj�lou ap� thn anagn�rish twn qondroeid�n sfalm�twnstic ep�geiec metr�seic bar�thtac [28]. Gia thn apofug� allhlosusqet�sewn metax� twnqondroeid�n sfalm�twn kai twn susthmatik�n sfalm�twn ol�sjhshc, epil�gontai gia thnpr�gnwsh geitonik� me to shme�o el�gqou shme�a, ta opo�a an�koun stic metr�seic tou �diouplo�ou kai thc �diac gramm�c ple�shc. Katarq�n, ap� tic metr�seic bar�thtac afaire�taih suneisfor� en�c pagk�smiou mont�lou bar�thtac. H sun�rthsh summetablht�thtac upo-log�zetai empeirik� ap� tic parathr�seic kai prosarm�zetai se k�poio mont�lo (p.q., ep�pedo� ekjetik� mont�lo). H tim� thc pr�gnwshc sto zhto�meno shme�o P d�netai ap� th gnwst�sq�sh [21]: �gP = nXi=1 CTiP (Cij +Dij)�1; (4.17)�pou CiP , h sun�rthsh summetablht�thtac metax� thc parat�rhshc i kai thc tim�c pr�gnw-shc sto P , Cij , h sun�rthsh summetablht�thtac twn parathr�sewn kai Dij , h sun�rthshsummetablht�thtac twn sfalm�twn twn parathr�sewn. To m�so tetragwnik� sf�lma tou�gP d�netai ap� [28], [1]:�2P (�gP (obs) ��gP (pred)) = C0 � CTiP (Cij +Dij)�1CjP : (4.18)Mia m�trhsh ja jewrhje� �popth gia thn �parxh qondroeido�c sf�lmatoc sthn per�ptwshpou h diafor� an�mesa sthn parathro�menh tim� kai sthn tim� pou upolog�zetai ap� thnefarmog� tou mont�lou thc b�ltisthc shmeiak�c pr�gnwshc xepern� k�poio �rio, dhlad�j�gP (obs) ��gP (pred)j > k � �P (�gP (obs) ��gP (pred)); (4.19)�pou h par�metroc k lamb�nei sun�jwc thn tim� 2 � 3 (diast�mata empistos�nhc pijan�thtac95.44% kai 99.74%, ant�stoiqa). Exait�ac thc abebai�thtac sthn tim� twn geitonik�n sh-me�wn, o �legqoc pragmatopoie�tai kai met� thn apom�krunsh twn up�ptwn metr�sewn. Meton tr�po aut�n, tuqo�sec epidr�seic geitonik�n shme�wn me qondroeid� sf�lmata apoma-kr�nontai. Ta shme�a me ta qondroeid� sf�lmata taxinomo�ntai kat� seir� meg�jouc kaiapomakr�nontai stadiak� prin ap� k�je epan�lhyh. H epituq�a aut�c thc mej�dou exart�taiap� th statistik� omoiog�neia twn dedom�nwn.'Enac �lloc �legqoc pou prote�netai [2] sqet�zetai me thn susq�tish twn anwmali�neleuj�rou a�ra me th bajumetr�a. H m�jodoc sthr�zetai ston �legqo thc susq�tishc me-tax� twn anwmali�n eleuj�rou a�ra, thc di�rjwshc E�otv�os kai thc bajumetr�ac kat� m�kocthc gramm�c ple�shc k�je plo�ou. Gia par�deigma, bajumetrik� dedom�na jewro�ntai eph-reasm�na ap� qondroeid� sf�lmata, �tan parathre�tai mia apr�smenh kl�sh sthn tim� dia-doqik�n anwmali�n eleuj�rou a�ra, � �tan diafa�netai kajar� h susq�tish metax� thc anw-mal�ac kai thc di�rjwshc E�otv�os.T�loc, me thn an�ptuxh twn altimetrik�n mej�dwn pros�ggishc tou ped�ou bar�thtace�nai dunat� h apeuje�ac s�gkrish twn jal�ssiwn dedom�nwn me anwmal�ec bar�thtac poupro�rqontai ap� thn efarmog� tou antistr�fou telest� tou Stokes sta �yh thc jal�ssiacepif�neiac [23], [14].4.4.3 H sun�rjwsh twn jal�ssiwn bar�thmetrik�n dedom�nwnH diadikas�a thc sun�rjwshc twn dedom�nwn bas�zetai sthn elaqistopo�hsh twn susthma-tik�n sfalm�twn ap� tic metr�seic. Oi �legqoi pragmatopoio�ntai sun�jwc stic tom�c



130 H JALASSIA BARUTHMETRIAtwn diadrom�n twn baruthmetrik�n skaf�n. H diadikas�a e�nai an�logh me thn elaqi-stopo�hsh stic tom�c twn troqiak�n iqn�n pou efarm�zetai sth doruforik� altimetr�a,�pwc parousi�sthke sto kef�laio 3. H diafor� an�mesa stic d�o peript�seic e�nai to�ti h f�sh tou sust�matoc metr�sewn sth j�lassa e�nai apr�blepth kai den upako�ei sek�poiouc jemeli�deic kan�nec, �pwc oi exis�seic thc our�niac mhqanik�c sthn altimetr�a,all� exart�tai �ntona ap� thn kat�stash thc j�lassac. Gia to l�go aut�n, h montelopo�hshtou sust�matoc twn metr�sewn sth j�lassa apotele� mia diadikas�a per�plokh. Ta shman-tik�tera sf�lmata stic metr�seic sth j�lassa, �pwc parousi�sthkan stic prohgo�menecen�thtec, sqet�zontai me thn poi�thta thc plo�ghshc tou sk�fouc, �pwc ep�shc kai me thnakr�beia m�trhshc twn bar�thm�trwn jal�sshc. Ta teleuta�a qr�nia me thn ex�lixh thcteqnolog�ac kai thn eisagwg� twn mont�rnwn mej�dwn prosdiorismo� j�shc (G.P.S.) tom�gejoc twn sfalm�twn stic jal�ssiec metr�seic bar�thtac �qei meiwje� sta 2-3 mGal.Par�l' aut�, e�nai genik� apodekt� �ti oi abebai�thtec montelopo�hshc thc jal�ssiackat�stashc, �pwc kai h genik�terh ast�jeia sthn plo�ghsh epidro�n arnhtik� sthn pe-rait�rw belt�wsh thc akr�beiac. Epipr�sjeta, h an�gkh axiopo�hshc palai�terwn metr�sewn,qamhl�terhc genik� akr�beiac, se sunduasm� me tic n�ec, od�ghsan sthn prosp�jeia belt�-wshc thc poi�thtac twn dedom�nwn me thn eisagwg� mont�lwn sun�rjwshc kai kat�llhlwnstatistik�n el�gqwn gia thn elaqistopo�hsh twn susthmatik�n sfalm�twn.H ep�drash tou prosdiorismo� j�shc sta jal�ssia baruthmetrik� dedom�na emfan�zetaime d�o morf�c: m�a �mesh, h opo�a prokale�tai ap� th diafor� metax� thc pragmatik�c j�shcm�trhshc kai thc parathrhje�sac kai m�a �mmesh, h opo�a prokale�tai ap� ta sf�lmata stonupologism� thc taq�thtac kai tou prosanatolismo� tou sk�fouc kai telik� thc di�rjwshcE�otv�os. O �legqoc sta shme�a tom�c twn gramm�n ple�shc twn plo�wn ephre�zetai ap� tasf�lmata ston prosdiorism� thc j�shc. H sunduasm�nh ep�drash twn sfalm�twn entopismo�j�shc kai twn sfalm�twn thc m�trhshc odhgo�n sth diaforetik� tim� twn metr�sewn stashme�a tom�c.H gewmetr�a twn shme�wn sthn perioq� thc tom�c twn iqn�n fa�netai sto sq�ma 4.4.Sthn tom�, h tim� thc bar�thtac upolog�zetai sun�jwc me th bo�jeia mont�lwn grammik�c

Sq�ma 4.4: H gewmetr�a sto shme�o thc tom�c (sq�ma ap� [30]).parembol�c s�mfwna me [1]: g0 = g1 + (g2 � g1) � d10d12 (4.20)g00 = g3 + (g4 � g3) � d30d34 (4.21)



KEFALAIO 4 131�pou dij e�nai h ap�stash metax� twn shme�wn i kai j. H pos�thta dg = g00 � g0 antipro-swpe�ei thn parat�rhsh sth diadikas�a sun�rjwshc stic tom�c twn gramm�n ple�shc.H belt�wsh thc parap�nw diadikas�ac pro�rqetai ap� th je�rhsh thc enia�ac f�shc thcgramm�c ple�shc tou sk�fouc. H jal�ssia baruthmetr�a sqet�zetai me th suneq�menh me-trhtik� diadikas�a kat� m�koc gramm�n. O arijm�c twn shme�wn pou parathro�ntai e�naipol� meg�loc. Ta dedom�na tou ped�ou twn parathr�sewn apotelo�ntai sun�jwc ap� tic sun-tetagm�nec kai thn tim� thc bar�thtac sto shme�o m�trhshc. H dhmiourg�a en�c mont�louthc gramm�c ple�shc twn shme�wn e�nai dunat� na kataskeuaste� proto� thn eisagwg� twnmetr�sewn sth diadikas�a thc sun�rjwshc. Gia to l�go aut�n, k�je gramm� ple�shc mpore�na ekfraste� wc grammik�c sunduasm�c k�poiwn sunart�sewn b�shc Fi, qrhsimopoi�ntacwc �risma th qronik� par�metro t [13]:x(t) = a0F0(t) + a1F1(t) + : : :+ an�1Fn�1(t) (4.22)y(t) = b0F0(t) + b1F1(t) + : : :+ bn�1Fn�1(t) (4.23)�pou X�Y �na topik� ep�pedo s�sthma suntetagm�nwn, sto opo�o o X �xonac kateuj�netaiproc thn anatol� kai o Y �xonac proc to borr�. Oi suntelest�c ai kai bi prosdior�zontai methn efarmog� tou krithr�ou twn elaq�stwn tetrag�nwn kai to mont�lo sun�rjwshc d�netaiap�: v = FA� L; (4.24)�pou L = � x1 x2 : : : xm y1 y2 : : : ym �TA = � a0 a1 : : : an�1 b0 b1 : : : bn�1 �TF = 2666666664 F0(t1) F1(t1) : : : Fn�1(t1) 0 0 : : : 0... ... . . . ... ... ... . . . ...F0(tm) F1(tm) : : : Fn�1(tm) 0 0 : : : 00 0 : : : 0 F0(t1) F1(t1) : : : Fn�1(t1)... ... . . . ... ... ... . . . ...0 0 : : : 0 F0(tm) F1(tm) : : : Fn�1(tm)
3777777775Stouc parap�nw p�nakec m e�nai o arijm�c twn parathro�menwn shme�wn kat� m�koc thcgramm�c ple�shc kai 2n o sunolik�c arijm�c twn agn�stwn param�trwn. Efarm�zontac tokrit�rio twn elaq�stwn tetrag�nwn � = vTPv = min lamb�noume thn telik� l�sh:Â = (FTPF)�1FTPL (4.25)�pou P o p�nakac b�rouc twn parathr�sewn. Opoiasd�pote morf�c geniko� � trigwnome-triko� poluwn�mou mpore� na qrhsimopoihje� sth diadikas�a thc prosarmog�c. H an�lushthc gramm�c ple�shc me aut�n ton tr�po odhge� se upologism� twn b�ltistwn suntetagm�nwnthc gramm�c ple�shc kai ston upologism� twn b�ltistwn dianusm�twn thc taq�thtac tousk�fouc kai tou prosanatolismo� [13]:v̂x(p) = â0F 00(tp) + â1F 01(tp) + : : :+ ân�1F 0n�1(tp)v̂y(p) = b̂0F 00(tp) + b̂1F 01(tp) + : : :+ b̂n�1F 0n�1(tp)v̂(p) =qv̂2x + v̂2y (4.26)�̂(p) = arctan v̂x(p)v̂y(p) (4.27)Stic parap�nw sq�seic me F 0i (t) sumbol�zontai oi par�gwgoi twn sunart�sewn b�shc wc procth qronik� par�metro. H efarmog� poluwnumik�n mont�lwn gia thn perigraf� thc gramm�c



132 H JALASSIA BARUTHMETRIAple�shc tou sk�fouc e�nai dunat� na efarmoste� m�no sthn per�ptwsh m�ac suneq�menhcgramm�c ple�shc.O sunduasm�c dedom�nwn ap� periss�terec thc m�ac baruthmetrik�c apostol�c pragmato-poie�tai sta shme�a tom�c twn gramm�n ple�shc me thn eisagwg� thc �nnoiac twn eswterik�nkai exwterik�n tom�n. Mia eswterik� tom� pragmatopoie�tai sthn per�ptwsh pou h gramm�ple�shc en�c plo�ou t�mnei ton eaut� thc sth di�rkeia miac apostol�c. Mia exwterik� tom�pragmatopoie�tai, �tan gramm�c ple�shc ap� diaforetik� plo�a t�mnontai metax� touc. Oidiafor�c stic eswterik�c tom�c e�nai sun�jwc mikr�terec ap� tic ant�stoiqec exwterik�c,exait�ac tou �ti oi pr�tec �qoun poll� koin� qarakthristik�, �pwc to �dio plo�o, to �dio ba-rut�metro kai thn �dia jal�ssia kat�stash kat� th di�rkeia twn metr�sewn. O �legqoc sticeswterik�c tom�c pragmatopoie�tai kur�wc gia ton �legqo thc ol�sjhshc tou baruthm�trou.Ta b�mata gia th sun�rjwsh stic tom�c twn gramm�n ple�shc �qoun wc ex�c:1. Prosdiorism�c thc ol�sjhshc gia k�je apostol� exet�zontac tic diafor�c twn eswte-rik�n tom�n.2. Prosdiorism�c thc diafor�c st�jmhc metax� diaforetik�n apostol�n. Ta susthma-tik� aut� sf�lmata ofe�lontai sun�jwc sthn kak� s�ndesh twn jal�ssiwn metr�sewnme touc stajmo�c thc steri�c kai elaqistopoio�ntai me thn ex�tash twn diafor�n sticexwterik�c tom�c.3. Ta sf�lmata exait�ac thc di�rjwshc E�otv�os kai thc dia-s�ndeshc param�noun stajer�,�so o prosanatolism�c tou plo�ou kai h jal�ssia kat�stash param�noun amet�blhta[24]. To gegon�c aut� upagore�ei thn efarmog� xeqwrist�n diorj�sewn se tm�matamiac gramm�c ple�shc (legs). Ta tm�mata diakr�nontai akolouj�ntac di�fora krit�riagia to qr�no metax� diadoqik�n metr�sewn, thn ap�stash kai to azimo�jio thc gramm�cple�shc [29], [1].4. Prosdiorism�c thc diafor�c st�jmhc k�je tm�matoc thc gramm�c pl�ushc.5. Telik� sun�rjwsh.H ex�swsh parat�rhshc gia ton upologism� thc ol�sjhshc k�je xeqwrist�c gramm�cple�shc d�netai ap� [1]: gai;k = gbi;k +Di � ti;k; (4.28)�pou k o arijm�c thc m�trhshc, i o arijm�c thc gramm�c ple�shc, ga h pragmatik� tim�thc bar�thtac, gb h parathro�menh tim�, D h �gnwsth ol�sjhsh tou baruthm�trou kai t hqronik� par�metroc. Se k�je eswterik� tom� thc gramm�c ple�shc isq�ei:Di�ti;kk0 = �gbi;kk0 + vi;kk0 (4.29)H telik� l�sh d�netai se morf� pin�kwn:D̂ = (ATPA)�1ATPb; (4.30)�pou A o p�nakac sqediasmo� twn exis�sewn parat�rhshc, o opo�oc peri�qei tic qronik�cmetablht�c, P o p�nakac b�rouc twn parathr�sewn kai b o p�nakac twn parathr�sewn (dia-for�c sta shme�a tom�c).Ta stoiqe�a tou p�naka b�rouc twn parathr�sewn P upolog�zontai lamb�nontac up�yh tasf�lmata twn metr�sewn kai ta sf�lmata ston entopism� thc j�shc, metasqhmat�zontac tosf�lma sthn plo�ghsh se baruthmetrik� sf�lma qrhsimopoi�ntac thn tim� thc ant�stoiqhcanwmal�ac Bouguer. Akolouj�ntac thn an�lush twn Adjaout and Sarrailh [2], t�jetai �p, �p0h akr�beia tou prosdiorismo� j�shc gia ta shme�a twn temnous�n gramm�n ple�shc, �g kai�g0 h akr�beia twn ant�stoiqwn metr�sewn bar�thtac sthn tom�, op�te h kl�sh sthn pore�ae�nai: rh = (h2 � h1)=d12rh0 = (h4 � h3)=d34;



KEFALAIO 4 133�pou hk to b�joc sto shme�o k, kai, t�loc, to sf�lma prosdiorismo� j�shc kat� thn ka-tak�rufo: �h = �p � rh�h0 = �p0 � rh0:To ant�stoiqo sf�lma sthn anwmal�a thc bar�thtac d�netai ap�:�g = 0:0419 � 1:67 �max(j�hj; j�h0j) (4.31)kai lamb�noume thn a-priori tupik� ap�klish twn parathr�sewn wc:� = max(�g; �g; �g0) (4.32)Tupik�c tim�c gia to � e�nai thc t�xhc twn 5�20 mGal kai to b�roc p = 1=�2 efarm�zetaise k�je ex�swsh parat�rhshc.O �legqoc sta shme�a twn exwterik�n tom�n pragmatopoie�tai gia twn �legqo twn dia-for�n st�jmhc metax� diaforetik�n apostol�n. Sto shme�o k thc apostol�c j h pragmatik�tim� thc bar�thtac d�netai ap� th sq�sh:gak;j = gbk;j + bj ; (4.33)�pou gbk;j h diorjwm�nh ap� thn ol�sjhsh parathro�menh tim�. H ex�swsh parat�rhshc sthntom� twn gramm�n ple�shc i kai j e�nai:bi � bj = �gbi;j + vi;j : (4.34)Se antistoiq�a me ta katak�rufa d�ktua kai ta altimetrik� dedom�na, o p�nakac sqediasmo�twn kanonik�n exis�sewn parousi�zei adunam�a bajmo� 1 kai sthn prokeim�nh per�ptwsh. Hadunam�a bajmo� antimetwp�zetai sun�jwc me th d�smeush miac tim�c thc diafor�c st�jmhc,sthn per�ptwsh pou oi sund�seic me to hpeirwtik� d�ktuo �qoun pragmatopoihje� me meg�lhakr�beia. Se mia diaforetik� pros�ggish, epil�etai to d�ktuo wc ele�jero qrhsimopoi�ntacth l�sh twn eswterik�n desme�sewn, h opo�a e�nai anex�rthth thc epilog�c tou sust�matocanafor�c kai odhge� se p�naka summetablhtot�twn twn agn�stwn me el�qisto �qnoc. Oieswterik�c desme�seic d�nontai ap�: Xi bi = 0 (4.35)Ant�stoiqh diadikas�a pragmatopoie�tai sthn per�ptwsh prosdiorismo� thc diafor�c st�jmhcgia k�je tm�ma thc gramm�c ple�shc.H kataskeu� en�c genikeum�nou mont�lou sf�lmatoc me thn an�lush twn diafor�n stictom�c twn gramm�n ple�shc parousi�zetai ap� touc Huang et al. [12]. H elaqistopo�hshtwn susthmatik�n sfalm�twn anaf�retai wc m�a eidik� diadikas�a filtrar�smatoc kai pr�-gnwshc, h opo�a epidi�kei to diaqwrism� twn shm�twn (susthmatik� sf�lmata) ap� ticparathr�seic (diafor�c stic tom�c twn gramm�n ple�shc) me thn apom�krunsh tou jor�bou(tuqa�a sf�lmata). Ta susthmatik� sf�lmata �qoun qarakt�ra grammik� kai periodik�[22]. S�mfwna me ta qarakthristik� twn metr�sewn bar�thtac sth j�lassa, to mont�lotwn susthmatik�n sfalm�twn mpore� na p�rei th morf� tou geniko� poluwn�mou sunart�seithc qronik�c param�trou t [12]:F (t) = a0 + a1t+ nXi=1(bi cos i!t+ ci sin i!t); (4.36)�pou n e�nai �nac jetik�c ak�raioc, ! h gwniak� suqn�thta, h opo�a antiproswpe�ei sthnper�odo di�rkeiac twn metr�sewn se ol�klhrh thn gramm� ple�shc kai a0, a1, bi kai cie�nai oi �gnwstoi suntelest�c tou mont�lou. To genikeum�no mont�lo sf�lmatoc thc (4.36)



134 H JALASSIA BARUTHMETRIAapotele�tai ap� d�o m�rh: To pr�to qarakthr�zei th grammik� t�sh tou susthmatiko�sf�lmatoc, en� to de�tero m�roc antiproswpe�ei thn periodik� t�sh. H ex�swsh parat�rhshcsthn per�ptwsh tou genike�menou mont�lou e�nai:�gbij = Fi(t)� Fj(t)� vij (4.37)Oi exis�seic parat�rhshc se morf� pin�kwn �qoun th morf�:v = Ax��gb; (4.38)�pou x to di�nusma twn agn�stwn suntelest�n tou mont�lou, A o p�nakac sqediasmo�kai �gb to di�nusma diafor�n stic tom�c twn gramm�n ple�shc. To mont�lo pou qrhsi-mopoie�tai e�nai par�moio me to mont�lo gia thn perigraf� tou troqiako� sf�lmatoc thctroqi�c twn altimetrik�n doruf�rwn, �pwc parousi�sthke sto kef�laio 3. 'Opwc kai stictom�c twn troqiak�n iqn�n, �tsi kai stic tom�c thc pore�ac twn skaf�n sth j�lassa, o�loc sqhmatism�c e�nai amet�blhtoc wc proc k�poiouc sugkekrim�nouc metasqhmatismo�c.Aut� h adunam�a kajorismo� tou sust�matoc anafor�c perigr�fetai majhmatik� me thnadunam�a antistrof�c tou p�naka twn kanonik�n exis�sewn. Gia thn antimet�pish thc idio-morf�ac tou sust�matoc epil�getai, e�te h l�sh me eswterik�c desme�seic, h opo�a �mwcde d�nei l�sh ston austhr� kajorism� tou sust�matoc anafor�c, e�te h l�sh me el�qistecdesme�seic, diathr�ntac stajer� �nan arijm� qarakthristik�n gramm�n ple�shc. Sthn te-leuta�a per�ptwsh antimetwp�zetai to pr�blhma epilog�c thc gramm�c ple�shc anafor�c kaiapaito�ntai epipl�on krit�ria gia th dialog�. H tr�th pijan�thta gia thn antimet�pish thcidiomorf�ac tou probl�matoc e�nai h eisagwg� tou sust�matoc anafor�c me th morf� yeudo-parathr�sewn. H l�sh tou sunduasm�nou sust�matoc pro�rqetai met� ap� thn kat�llhlheisagwg� bar�n an�mesa stic pragmatik�c kai tic yeudo-parathr�seic [12]:x̂ = (ATPA+Pa)�1(ATP�gb +PaLa); (4.39)�pou P e�nai o p�nakac b�rouc twn parathr�sewn, La e�nai to di�nusma twn yeudo-parathr�-sewn kai Pa o a-priori p�nakac b�rouc. O p�nakac Qx̂ e�nai o p�nakac twn suntelest�n twn(sum)metablhtot�twn twn sunorjwm�nwn suntelest�n tou mont�lou sfalm�twn kai d�netaiap�: Qx̂ = (ATPA+Pa)�1: (4.40)H diadikas�a sun�rjwshc auto� tou t�pou e�nai sthn pragmatik�thta mia eidik� m�jodocfiltrar�smatoc. Shmantik�c par�gontac sth s�gklish thc diadikas�ac e�nai h epilog� toup�naka b�rouc twn parathr�sewn Pa. Mia empeirik� m�jodo gia thn epilog� twn stoiqe�wntou p�naka Pa d�netai ap� touc Huang et al. [12]. H m�jodoc aut� bas�zetai sto l�go tous�matoc wc proc ton j�rubo, dhlad� to l�go twn susthmatik�n wc proc ta tuqa�a sf�lmata.Endiaf�ron sthn per�ptwsh qr�shc analutiko� mont�lou gia thn perigraf� twn susth-matik�n sfalm�twn parousi�zei o �legqoc thc shmantik�thtac tou mont�lou. O �legqocthc shmantik�thtac tou mont�lou pragmatopoie�tai met� th diadikas�a thc sun�rjwshc.Ekt�c auto�, apaite�tai kai o �legqoc thc shmantik�thtac kajen�c qwrist� suntelest� toumont�lou. Katarq�n, o �legqoc shmantik�thtac sth qr�sh tou mont�lou pragmatopoie�taime thn an�lush twn metablhtot�twn. 'Estw �gi e�nai oi diafor�c sta shme�a tom�c twngramm�n ple�shc. E�n n e�nai o sunolik�c arijm�c twn parathr�sewn,��g = nXi=1 �gi=n (4.41)e�nai h m�sh tim� twn diafor�n kai �̂gi oi sunorjwm�nec diafor�c. Isq�ei [12]:Q = nXi=1( ^�gi � ��g)2 + nXi=1(�gi � ^�gi)2 = Q1 +Q2; (4.42)



KEFALAIO 4 135�pou Q1 e�nai to �jroisma twn tetrag�nwn twn apokl�sewn ap� th m�sh tim� met� thsun�rjwsh kai Q2 e�nai to �jroisma twn tetrag�nwn twn apokl�sewn twn parathr�sewnprin kai met� th sun�rjwsh. 'Estw �ti gia thn perigraf� twn susthmatik�n sfalm�twn�qei epilege� to analutik� mont�lo genik�c morf�c:F (t) = a0F0(t) + a1F1(t) + : : :+ amFm(t): (4.43)Gia ton �legqo thc shmantik�thtac thc qr�shc tou mont�lou qrhsimopoie�tai h katanom�F kai el�gqetai h mhdenik� up�jesh H0 : a0 = a1 = : : : = am = 0 se s�gkrish me thnenallaktik� Ha : ai 6= 0. H statistik� pos�thta pou el�gqetai e�nai [12]:F = (n�m� 1)Pni=1(�̂gi � ��g)2mPni=1(�gi � �̂gi)2 ; (4.44)�pou m e�nai o arijm�c twn agn�stwn param�trwn tou mont�lou. Gia na isq�ei h mhdenik�up�jesh pr�pei: F � F�m;n�m�1: (4.45)Sthn per�ptwsh pou aporr�ptetai h mhdenik� up�jesh, h apotelesmatik�thta tou mont�louperiorismo� twn susthmatik�n sfalm�twn e�nai dedom�nh.Met� thn ex�tash thc anagkai�thtac sth qr�sh tou analutiko� mont�lou perigraf�c twnsusthmatik�n sfalm�twn akolouje� o �legqoc thc shmantik�thtac twn suntelest�n toumont�lou. H statistik� pos�thta pou el�gqetai e�nai:t = jâijĈx̂(ii) = jâij�̂0pQx̂(ii) ; (4.46)�pou âi h ekt�mhsh tou suntelest� ai tou mont�lou, Ĉx̂(ii) to diag�nio stoiqe�o tou p�naka(sum)metablhtot�twn twn agn�stwn pou antistoiqe� sto suntelest� âi, Qx̂(ii) to ant�stoiqostoiqe�o tou p�naka suntelest�n twn (sum)metablhtot�twn kai �̂0 h ekt�mhsh thc meta-blht�thtac anafor�c, h opo�a prok�ptei ap�:�̂20 = v̂TPv̂n�m: (4.47)Sth per�ptwsh aut� el�gqetai h mhdenik� up�jesh H0 : ai = 0 se s�gkrish me thn enalla-ktik� Ha : ai 6= 0. H mhdenik� up�jesh g�netai apodekt�, �tant � tan�m�1; (4.48)kai o en l�gw suntelest�c ai den e�nai shmantik�c sthn kataskeu� tou mont�lou kai pr�peina apomakrunje�. Sth sun�qeia h sun�rjwsh epanalamb�netai me to n�o analutik� mont�loperigraf�c twn susthmatik�n sfalm�twn kai akolouje� n�oc �legqoc.4.5 Prosdiorism�c jal�ssiou baruthmetriko� geweido�cMet� thn proepexergas�a kai th sun�rjwsh, oi jal�ssiec metr�seic bar�thtac katan�montaise b�seic dedom�nwn. B�seic dedom�nwn aut�c thc morf�c e�nai, p.q., h pagk�smia b�shtou Gewlogiko� Parathrhthr�ou Lamont-Doherty tou Panepisthm�ou Columbia thc N�acU�rkhc, h opo�a peri�qei p�nw ap� 5 ekatomm�ria metr�seic [30]. 'Opwc g�netai am�swcantilhpt�, o meg�loc arijm�c twn metr�sewn apaite� austhr� kwdikopo�hsh gia thn apo-fug� qondroeid�n sfalm�twn kat� thn taxin�mhsh. Mia arqik� morf� tupopo�hshc thckwdikopo�hshc twn dedom�nwn bar�thtac parousi�zetai sto eidik� te�qoc tou Bulletin d'Information pou ekd�detai ap� to Diejn�c Grafe�o Baruthmetr�ac (Bureau Gravim�etriqueInternational) [5] kai akolouje�tai sthn pagk�smia b�sh dedom�nwn bar�thtac [27].



136 H JALASSIA BARUTHMETRIAAp� th stigm� pou oi metr�seic bar�thtac �qoun proepexergaste� kai sunorjwje�, oim�jodoi prosdiorismo� tou jal�ssiou geweido�c de diaf�roun ap� tic ant�stoiqec mej�doucprosdiorismo� stic hpeirwtik�c ekt�seic. Qrhsimopoie�tai eur�wc h teqnik� thc apom�krun-shc kai epanafor�c twn sunistws�n tou ped�ou. Prosdiorismo� baruthmetriko� jalass�ougeweido�c d�nontai ap� toucWessel and Watts [30] gia ton B�reio Atlantik� kai ap� toucAd-jaout and Sarrailh [2] gia th jal�ssia perioq� g�rw ap� thn Iapwn�a, �pou pragmatopoio�ntaik�poiec sugkr�seic me to altimetrik� geweid�c pou pro�rqetai ap� to sunduasm� dedom�nwntou T/P, ERS1 kai GEOSAT. Sthn perioq� thc Mesoge�ou parousi�sthke jal�ssio baru-thmetrik� geweid�c se k�nnabo 60 � 100, pou upolog�sthke m�sw metasqhmatism�n Fourierap� m�sec tim�c anwmali�n thc bar�thtac kai touc suntelest�c tou gewdunamiko� mont�louOSU81. Oi ektim�seic twn apoq�n tou geweido�c sugkr�jhkan me ta dedom�na tou GEO-SAT gia thn perioq� thc Mesoge�ou [3]. T�loc, ap� to 1991 �wc to 1995 ept� episthmonik�com�dec ergas�ac ap� �xi kr�th (Ispan�a, Ital�a, Austr�a, Ell�da, Dan�a kai Finland�a)erg�sthkan maz� gia ton prosdiorism� tou geweido�c sth Mes�geio (pr�gramma GEOid inthe MEDiterranean { GEOMED) [8], [9], [10], [11]. Ta bar�thmetrik� dedom�na tou GEO-MED bas�sthkan se yhfiopoi�seic twn qart�n tou Morelli [17], [20], [18], [19].4.6 Anakefala�wshH metrhtik� diergas�a kai oi diadikas�ec epexergas�ac kai sun�rjwshc twn baruthmetrik�nparathr�sewn sth j�lassa apot�lesan to k�rio j�ma tou kefala�ou. Anal�jhke o meg�locarijm�c twn epidr�sewn stic jal�ssiec baruthmetrik�c parathr�seic, l�gw tou idi�zontocperib�llontoc twn metr�sewn kai anaf�rjhkan oi kuri�terec m�jodoi antimet�pis�c touc.Kathgoriopo�hjhkan oi phg�c twn sfalm�twn sthn per�ptwsh b�sewn dedom�nwn kai pe-rigr�fhke h proepexergas�a kai sun�jrwsh twn parathr�sewn. Parousi�sthkan ep�shckat�llhloi statistiko� �legqoi gia thn axiol�ghsh twn apotelesm�twn thc sun�rjwshc kaianal�jhkan oi m�jodoi prosdiorismo� tou jal�ssiou baruthmetriko� geweido�c.Ap� �sa parousi�zontai sto kef�laio aut�, diakr�netai h apa�thsh idia�terh front�dac,t�so ap� thn pleur� tou parathrht�, �so kai ap� thn pleur� tou analut� twn dedom�nwnthc jal�ssiac baruthmetr�ac. H apa�thsh aut� phg�zei ap� to idi�morfo kai poll�c for�cdusleitourgik� jal�ssio perib�llon twn metr�sewn. Parousi�zontai me aut�n ton tr�po,oi basik�c diafor�c metax� twn diadikasi�n parat�rhshc sth j�lassa ap� ap�stash, �pwcparousi�sthke sto prohgo�meno kef�laio, kai twn mej�dwn m�trhshc sthn epif�nei� thc. Hdiadikas�a twn parathr�sewn p�nw sth jal�ssia epif�neia d�nei to �nausma gia thn an�lushtwn basik�n sq�sewn thc wkeanograf�ac pou perigr�fontai sto ep�meno kef�laio.
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Kef�laio 5H wke�nia kuklofor�a5.1 Eisagwg�Ap� thn epoq� twn pr�twn jalassop�rwn �tan gnwst�c oi kin�seic tou jalass�ou nero�kai oi epipt�seic touc sthn epibr�dunsh kai sthn ap�klish thc pore�ac en�c plo�ou. Thnepoq� aut�, gn�sh thc ep�drashc twn wke�niwn reum�twn s�maine oikonomik� prob�disma�nanti twn antagwnistik�n qwr�n. Proc ta t�lh tou 19ou ai�na kai stic arq�c tou 20ouparathr�jhkan oi allhlexart�seic twn kin�sewn twn wkean�n me to genik�tero kl�ma touplan�th. H katan�hsh twn wke�niwn reum�twn s�mane thn arq� gia thn ex�ghsh di�forwnmetewrologik�n fainom�nwn. Sto gegon�c aut� sun�bale h an�ptuxh twn doruforik�nmej�dwn parat�rhshc twn jalass�n thc teleuta�ac eikosipentaet�ac kai h beltistopo�hshsth sullog� kai epexergas�a twn uperjal�ssiwn kai upojal�ssiwn metr�sewn. Thn te-leuta�a dekaet�a anapt�qjhkan ereunhtik� progr�mmata diejn�n sunergasi�n gia th mel�ththc k�nhshc twn wkean�n kai thn ep�dras� thc sthn pagk�smia allag� kl�matoc. Ta d�okuri�tera ereunhtik� progr�mmata e�nai to World Ocean Circulation Experiment { WOCE[34], to opo�o aposkope� sthn katan�hsh thc genik�terhc wke�niac kuklofor�ac kai th mon-telopo�hsh kai pr�gnwsh twn tim�n thc se sq�sh me tic atmosfairik�c metabol�c kai topr�gramma Tropical Ocean Global Atmosphere { TOGA [33], to opo�o aposkope� sth le-ptomer�sterh mel�th twn fainom�nwn stic tropik�c perioq�c (El Ni~no, La Ni~na). Kai ta d�oprogr�mmata e�nai tm�mata tou Pagk�smiou Progr�mmatoc gia thn 'Ereuna tou Kl�matoc(World Climate Research Program { WCRP) kai pragmatopoio�ntai up� thn aig�da touPagk�smiou Metewrologiko� Organismo� (World Meteorological Organization{WMO), touDiejno�c Episthmoniko� Sumboul�ou (International Counceil of Science { ICS) kai thc Dia-kubernhtik�c Wkeanografik�c Epitrophc (Intergovernmental Oceanographic Commission)thc UNESCO.5.2 Oi sq�seic gewdais�ac � wkeanograf�ac: Dunamik�jal�ssia topograf�aOi sq�seic thc gewdais�ac me th fusik� wkeanograf�a anaf�rontai sthn epif�neia thcj�lassac. Gia touc gewda�tec h m�sh jal�ssia epif�neia apotele� to shme�o anafor�c twnuyom�trwn pou qrhsimopoio�ntai stic gewdaitik�c kai topografik�c efarmog�c kai gia toucwkeanogr�fouc h jal�ssia epif�neia apotele� to ped�o parathr�sewn. H sq�sh twn d�oepisthm�n apodeikn�etai kai ap� to �ti o gewda�thc �qei an�gkh tic parathr�seic tou wkea-nogr�fou sth jal�ssia epif�neia gia ton akrib� prosdiorism� tou geweido�c stic jal�ssiecperioq�c kai o wkeanogr�foc �qei an�gkh tic parathr�seic tou geweido�c gia ton upologism�twn apol�twn tim�n twn taqut�twn twn jalass�wn reum�twn se sugkekrim�na b�jh [14].To �meso shme�o anafor�c metax� twn d�o episthm�n e�nai h ap�klish thc epif�neiac tou139



140 WKEANIA KUKLOFORIAgeweido�c ap� th m�sh jal�ssia st�jmh. H ap�klish aut� onom�zetai dunamik� wke�niatopograf�a (dynamic ocean topography) � topograf�a thc jal�ssiac epif�neiac (seasurface topography). Oi prosegg�seic tou geweido�c stic jal�ssiec perioq�c sunart�ntaikat� kan�na me thn up�jesh �ti to geweid�c e�nai h isodunamik� epif�neia tou ped�ou ba-r�thtac, h opo�a sump�ptei me th m�sh jal�ssia epif�neia met� ap� parathr�seic meg�lhcqronik�c di�rkeiac. E�nai �mwc gnwst� �ti h parap�nw paradoq� den isq�ei gia akr�beiecprosdiorismo� mikr�terec tou miso� m�trou, afo� h m�sh jal�ssia epif�neia apokl�nei ap�thn epif�neia tou geweido�c, l�gw, kur�wc, twn wke�niwn reum�twn. Ta wke�nia re�mata,�pwc ja parousiaste� kai sth sun�qeia, prokalo�ntai ap� thn ep�drash twn an�mwn, thn me-tabol� sthn alat�thta kai sth jermokras�a twn ud�tinwn maz�n kai se metabol�c thc p�eshcpou sqet�zontai �mesa me th g�inh atm�sfaira. H ap�klish aut� melet�tai sun�jwc k�twap� paradoq�c gewstrofik�c ro�c kai udrostatik�c isorrop�ac. H dunamik� wke�nia topo-graf�a diaqwr�zetai sun�jwc se �na st�simo m�roc kai se �na qronik� metaball�meno m�roc,to opo�o ofe�letai stic metabol�c mikr�c qronik�c kl�makac kai se epoqiak�c epidr�seic.Me thn an�ptuxh twn s�gqronwn doruforik�n mej�dwn parat�rhshc thc epif�neiac twnwkean�n, h pros�ggish thc dunamik�c jal�ssiac topograf�ac e�nai dunat� na upologiste�me kajar� gewdaitik�c teqnik�c. H ex�swsh pou sund�ei th dunamik� wke�nia kuklofor�aSST me thn apoq� tou geweido�c N kai to �yoc thc jal�ssiac st�jmhc SSH , �pwc aut�prok�ptei ap� ta altimetrik� dedom�na, e�nai:SSH = SST +N; (5.1)�pou SST = SSTs + SSTd; (5.2)SSTs e�nai to sqed�n st�simo m�roc thc topograf�ac thc jal�ssiac epif�neiac kai SSTdto qronik� metaball�meno m�roc. H parap�nw sq�sh parap�mpei sthn ex�swsh s�ndeshcelleiyoeido�c kai orjometriko� uyom�trou, isq�ei �mwc met� ap� di�forec diorj�seic pouuf�stantai oi metr�seic twn uy�n thc jal�ssiac st�jmhc, oi opo�ec perigr�fontai analu-tik�tera sto kef�laio 3. O �roc SST antiproswpe�ei ton �ro tou orjometriko� uyom�trousth sq�sh pou isq�ei stic hpeirwtik�c perioq�c kai sto l�go aut�n ofe�letai h onomas�ajal�ssia topograf�a [26]. B�baia h hpeirwtik� me th jal�ssia topograf�a �qoun el�qistakoin� qarakthristik� kai to gegon�c aut� odhge� sth diaforetik� antimet�pish thc kajemi�c.H jal�ssia topograf�a �qei �na dunamik� qarakt�ra, ef�son, ekt�c ap� to st�simo m�rocthc, apotele�tai kai ap� �na tm�ma, to opo�o metab�lletai me to qr�no, se ant�jesh me thnhpeirwtik� topograf�a pou lamb�netai stajer�. Ak�mh, oi tim�c thc jal�ssiac topograf�acden xeperno�n ta 2 m�tra se ant�jesh me tic meg�lec tim�c thc hpeirwtik�c topograf�ac.Oi gewdaitik�c m�jodoi e�reshc thc dunamik�c wke�niac topograf�ac antimetwp�zoun me epi-tuq�a to pr�blhma tou orismo� tou epip�dou akinhs�ac (level of no motion), kaj�c kai�lla probl�mata pou up�rqoun stic wkeanografik�c mej�douc pou ja parousiasto�n sthsun�qeia. Oi amig�c wkeanografik�c m�jodoi prosdiorismo� thc dunamik�c wke�niac topo-graf�ac kai twn sunistws�n thc wke�niac kuklofor�ac sthr�zontai se pol�plokec diaforik�cexis�seic kai se paradoq�c gia thn k�nhsh twn ud�twn, �pwc ep�shc kai se metr�seic twnidiot�twn twn jalass�n, �pwc thc alat�thtac kai thc jermokras�ac.5.3 Idi�thtec jalass�ou nero� � Metr�seicAp� ta m�sa tou 19ou ai�na to plo�o e�nai to basik� m�son gia tic apeuje�ac parathr�seictwn idiot�twn twn wkean�n. Stic arqik�c peri�douc parat�rhshc anapt�qjhkan di�forecm�jodoi m�trhshc thc jermokras�ac kai thc alat�thtac tou jalass�ou nero� se sugke-krim�na b�jh. Sth shmerin� epoq�, an kai h diadikas�a twn metr�sewn �qei beltiwje� ai-sjht�, oi metr�seic auto� tou e�douc param�noun ap� tic shmantik�terec plhrofor�ec macgia to jal�ssio ner�. Sthn per�ptwsh sunduasmo� metr�sewn ap� diaforetik� plo�a kai sediaforetik�c qronik�c peri�douc kai adiafor�ntac gia tic metabol�c kat� th di�rkeia twn



KEFALAIO 5 141peri�dwn aut�n e�nai dunat� h dhmiourg�a qart�n jermokras�ac kai alat�thtac. Oi meg�leckl�seic stic tim�c thc alat�thtac kai thc jermokras�ac odhgo�n sto sump�rasma �parxhcjalass�wn reum�twn, �pwc ja parousiaste� sth sun�qeia.Me thn �leush thc hlektronik�c epoq�c (met� to 1960), n�ec morf�c hlektronik�n org�-nwn m�trhshc twn idiot�twn tou nero� emfan�sthkan. Par�la aut�, o paradosiak�c tr�pocparat�rhshc sto jal�ssio perib�llon den metabl�jhke shmantik�. To plo�o par�meine tom�so metafor�c twn org�nwn, ta opo�a, bujiz�mena se sugkekrim�nouc stajmo�c, pare�qanthn tim� thc parat�rhshc. To basik� meion�kthma tou jalass�ou perib�llontoc metr�sewnse s�gkrish me to ant�stoiqo atmosfairik� perib�llon �gkeitai sthn adunam�a di�doshchlektromagnhtik�c aktinobol�ac m�sa ap� to pr�to. 'Etsi, oi doruforik�c metr�seic pe-rior�zontai sth jal�ssia epif�neia, en� oi metr�seic sto eswterik� tou jalass�ou m�soue�nai ad�nato na metadojo�n ston parathrht�, par� m�non m�sw �meshc fusik�c s�ndeshc.Me thn �leush twn s�gqronwn hlektronik�n diat�xewn �gine dunat� h topoj�thsh m�nimwnstajm�n m�trhshc twn idiot�twn tou jalass�ou nero� kai h paragwg� qronik�n seir�n twnmetr�sewn. H diadikas�a �mwc par�meine h �dia afo� oi metr�seic e�nai ad�nato na ekpem-fjo�n ap� tic suskeu�c twn metr�sewn. Epipl�on, e�nai ad�natoc o �legqoc thc akribo�ckatagraf�c twn dedom�nwn. H di�dosh twn hqhtik�n kum�twn sto jal�ssio ner� qrhsimo-poie�tai m�lic ta teleuta�a qr�nia gia th di�dosh plhrofori�n pou sull�gontai ent�c thcj�lassac. Oi hqhtiko� palmo� sun�jwc qrhsimopoio�ntai gia ton entopism� metrhtik�n su-skeu�n. H efarmog� thc hqhtik�c di�doshc sto ner� den �qei exeliqje� �so ja mporo�sesthn epist�mh thc wkeanograf�ac, l�gw thc ekmet�lleushc twn efarmog�n thc ap� thnpolemik� biomhqan�a.Ekt�c ap� thn adunam�a di�doshc twn hlektromagnhtik�n kum�twn h uyhl� p�esh stabaj�tera jal�ssia str�mata apotele� �nan anastaltik� par�gonta sthn epituq�a twn me-tr�sewn. Ta �rgana metr�sewn pr�pei na e�nai kat�llhla diamorfwm�na, �ste na ant�qountic uyhl�c pi�seic tou jalass�ou nero� kai tic sunj�kec m�trhshc se �na m�so, tou opo�ou hperiektik�thta se al�ti ft�nei ta 3.5% tou b�rouc tou. T�loc, to k�stoc twn wkeanogra-fik�n apostol�n, t�so se qr�no, �so kai se qr�ma e�nai �na ak�ma basik� emp�dio sthnapotelesmatik� perigraf� twn ud�tinwn idiot�twn.Me th m�trhsh twn fusik�n idiot�twn tou jal�ssiou nero� par�qetai kai mia �mmesh plh-rofor�a gia thn k�nhsh, afo� h teleuta�a exart�tai kai ap� tic ud�tinec idi�thtec. 'Emmesecm�jodoi gia ton prosdiorism� jalass�wn reum�twn perilamb�noun metr�seic jermokras�ac,alat�thtac kai periektik�thtac tou jal�ssiou nero� se oxug�no. 'Ena �rgano m�trhshcauto� tou t�pou e�nai o poluaisjht�rac Horiba U-10 tou Tom�a Gewdais�ac kai Topograf�actou Tm�matoc Agron�mwn kai Topogr�fwn Mhqanik�n. Oi aisjht�rec tou org�nou metro�nthn periektik�thta tou nero� se oxug�no, thn agwgim�thta tou nero�, th jermokras�a, thjol�thta kai to pH tou jal�ssiou nero�. To tm�ma twn aisjht�rwn tou org�nou fa�netaisto sq�ma 5.1.'Opwc g�netai antilhpt�, up�rqoun kai oi �mesec m�jodoi m�trhshc, ap� pol� apl�ckataskeu�c �wc kai exeligm�na pol�ploka sust�mata. H m�trhsh thc ap�klishc ap� th sqe-diasm�nh pore�a en�c plo�ou e�nai dunat� na odhg�sei se k�poia arqik� sumper�smata gia thnt�xh meg�jouc twn epifaneiak�n reum�twn sthn perioq�. Gia th m�trhsh reum�twn se meg�lab�jh qrhsimopoio�ntai eidik�c metrhtik�c diat�xeic (p.q., drogues, Shallow 
oat), oi opo�ecentop�zontai kai ektim�tai h taq�thta k�nhs�c touc, l�gw twn reum�twn, me th qr�sh hqh-tik�n palm�n. S�gqrona �rgana m�trhshc twn reum�twn jewro�ntai oi reumatogr�foi (cur-rent meters), �pwc ep�shc suskeu�c ele�jerhc pt�shc (free-fall devices) kai parathro�menecshmado�rec (telemetering buoys). Oi suskeu�c aut�c par�qoun akribe�c metr�seic twnreum�twn sto b�joc p�ntishc kai suneq� katagraf� sthn eswterik� mn�mh touc. Ta mhqa-nik� kai hlektronik� m�rh tou reumatogr�fou Valeport-Model 105 tou Tom�a Gewdais�ac kaiTopograf�ac tou Tm�matoc Agron�mwn kai Topogr�fwn Mhqanik�n fa�nontai parastatik�sto sq�ma 5.2.Shmei�netai �ti h diadikas�a metr�sewn twn reum�twn me tic parap�nw teqnik�c an kaiemfan�zetai wc h m�nh �mesh m�jodoc m�trhshc, apotele� troqop�dh sth mel�th meg�lwn
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Sq�ma 5.1: O poluaisjht�rac Horiba U-10.

Sq�ma 5.2: O reumatogr�foc Valeport-Model 105.wke�niwn ekt�sewn, l�gw tou uyhlo� k�stouc thc se qr�no kai qr�ma. H emf�nish twns�gqronwn altimetrik�n doruf�rwn kai oi suneqe�c metr�seic pou par�qoun gia th morf�thc jal�ssiac epif�neiac apot�lesan th meg�lh epan�stash sthn parakolo�jhsh thc k�nhshctwn jalass�n kai sthn katan�hsh thc allhlex�rthshc me ta g�ina klimatologik� fain�mena.



KEFALAIO 5 1435.4 Arq�c wke�niac kuklofor�ac5.4.1 Fusiko� n�moi kai dun�meic ep�drashcH �mesh sq�sh thc atm�sfairac me touc wkeano�c perigr�fetai m�sw thc antallag�c hliak�cen�rgeiac. H antallag� aut� e�nai h basik� ait�a gia tic enallag�c tou g�inou kl�matoc,th dhmiourg�a twn an�mwn (atmosfairik� kuklofor�a) kai th dhmiourg�a twn jalass�wnreum�twn (wke�nia kuklofor�a). Gia na g�nei katanoht�c o mhqanism�c antallag�c thchliak�c en�rgeiac pr�pei na exetaste� ek twn prot�rwn o tr�poc eisro�c thc hliak�c en�rgeiacsto g�ino perib�llon. An agno�soume proc stigm� thn pragmatik� j�sh kai k�nhsh thcGhc g�rw ap� ton 'Hlio, oi hliak�c akt�nec t�mnoun sqed�n k�jeta tic ishmerin�c perioq�csugkentr�nontac thn hliak� en�rgeia se m�a mikr� �ktash, en� stic polik�c perioq�c h�dia en�rgeia exapl�netai se mia pol� megal�terh �ktash. H eiserq�menh hliak� en�rgeiaephre�zetai ep�shc ap� thn �parxh thc g�inhc atm�sfairac: stic polik�c perioq�c oi hliak�cakt�nec diaperno�n megal�tero atmosfairik� str�ma me apot�lesma thn el�ttwsh thc isq�octouc.Aut� h diaforetik� jermik� en�rgeia stic perioq�c tou plan�th �qei wc apot�lesma ka-tarq�n thn k�nhsh twn aer�wn maz�n thc atm�sfairac. H j�rmansh tou a�ra stic ishme-rin�c perioq�c �qei wc apot�lesma thn el�ttwsh thc pukn�tht�c tou kai thn an�yws� tou,h opo�a me th seir� thc prokale� mia perioq� qamhl�c p�eshc kont� sth g�inh epif�neia.Oi yuqr�terec a�riec m�zec twn g�rw perioq�n kal�ptoun thn perioq� qamhl�c p�eshc,jerma�nontai kai me th seir� touc anuy�nontai. Stouc p�louc oi a�riec m�zec e�nai yuqr�c,sumpi�zontai kai buj�zontai proc th g�inh epif�neia, dhmiourg�ntac perioq�c uyhl�c p�eshc.Oi pukn�c, yuqr�c a�riec m�zec twn p�lwn kino�ntai proc ton Ishmerin� (ap� perioq�c uyhl�cp�eshc proc perioq�c qamhl�c p�eshc). To gegon�c aut� �qei wc apot�lesma th suneq� a�riakuklofor�a ap� ton Ishmerin� stouc P�louc kai ant�strofa. B�baia, to apl� mont�lo poum�lic perigr�fhke g�netai poluplok�tero l�gw thc peristrof�c thc Ghc kai thc ep�drashcthc d�namhc Coriolis. H d�namh aut� dra se k�je kino�meno s�ma, to opo�o peristr�fetaimaz� me th Gh. Aut� h d�namh �qei wc apot�lesma thn ap�klish twn kino�menwn aer�wnmaz�n proc ta dexi� sto B�reio hmisfa�rio kai proc ta arister� sto N�tio. Gia to l�goaut�n, h a�ria kai h wke�nia kuklofor�a sthn atm�sfaira parist�netai ap� to mont�lo tousq�matoc 5.3.

Sq�ma 5.3: To mont�lo thc a�riac kai wke�niac kuklofor�ac (sq�ma ap� [25]).H ep�drash thc hliak�c aktinobol�ac sthn epif�neia thc j�lassac se sunduasm� me tickin�seic twn aer�wn maz�n thc atm�sfairac pou perigr�fhkan apotelo�n tic k�riec ait�eck�nhshc twn wke�niwn maz�n. Oi a�riec m�zec pou kino�ntai sthn epif�neia twn wkean�n dh-



144 WKEANIA KUKLOFORIAmiourgo�n ta epifaneiak� re�mata. H k�nhsh twn epifaneiak�n reum�twn onom�zetai kateu-jun�menh ap� �nemo kuklofor�a (wind-driven circulation) kai apotele� to shmantik�teropar�gonta k�nhshc twn jalass�wn ner�n. Sta baj�tera str�mata, �pou h ep�drash twnepifaneiak�n an�mwn e�nai amelht�a, dhmiourgo�ntai re�mata ap� tic diafor�c alat�thtackai jermokras�ac kai apotelo�n thn abussal�a wke�nia kuklofor�a (abyssal ocean circu-lation) � kateujun�menh ap� metabol�c jermokras�ac kai alat�thtac (thermohalinecirculation).Mia basik� perigraf� twn epifaneiak�n reum�twn d�netai sth sun�qeia [25]:- Oi �nemoi pou prokalo�ntai stic ishmerin�c perioq�c (ap� 0� �wc �30�) �qoun wcapot�lesma thn �parxh twn ishmerin�n reum�twn (equatorial currents), sth morf�twn opo�wn epidro�n oi hpeirwtik�c ekt�seic, apokl�nontac thn pore�a touc proc tab�reia kai n�tia.- Ta re�mata pou apokl�noun metaf�rontai kat� m�koc twn dutik�n or�wn twn wkean�nkai onom�zontai dutik� oriak� re�mata (western boundary currents), ta opo�a apo-telo�n kai ta shmantik�tera kai isqur�tera re�mata ston Plan�th. Ston Atlantik�wkean� to ant�stoiqo re�ma e�nai to Re�ma tou K�lpou (Gulf Stream), en� stonEirhnik� e�nai to Re�ma tou Kuroshio.- Oi �nemoi sthn perioq� metax� twn 30� kai 60� enisq�oun ta re�mata kai dhmiourgo�nta anatolik� oriak� re�mata (eastern boundary currents), ta opo�a kai epistr�founstic ishmerin�c perioq�c sqhmat�zontac meg�louc k�klouc (gyres).- Meg�la kuklik� re�mata den dhmiourgo�ntai stic n�tiec polik�c perioq�c, �swc exait�acthc apous�ac hpeirwtik�n maz�n. Gia to l�go aut�n, to Parap�leio Re�ma thc An-tarktik�c (Antarctic Circumpolar Current) r�ei ex' olokl�rou g�rw ap� ton plan�th.- Mia eidik� morf� reum�twn, h opo�a ofe�letai se ex�mhnh allag� thc atmosfairik�ckuklofor�ac e�nai oi mous�nec (monsoons), oi opo�oi emfan�zontai stic perioq�c toub�reiou Indiko� wkeano�.Oi basik�c dun�meic pou prokalo�n thn k�nhsh tou jalass�ou nero� diaqwr�zontai sun�-jwc se d�o kathgor�ec: stic prwte�ousec dun�meic, oi opo�ec prokalo�n �mesa thn k�nhshkai stic deutere�ousec dun�meic, oi opo�ec prokalo�ntai ap� thn k�nhsh. Oi prwte�ousecdun�meic e�nai [23]:� H �lxh tou ped�ou bar�thtac (gravitation), t�so thc �diac thc Ghc, �so kai twnupolo�pwn planht�n. H d�namh ap� th Gh dra se �lh th jal�ssia m�za kai �qei wcapot�lesma to fain�meno thc udrostatik�c p�eshc sto ner�. Oi up�loipec dun�meicdroun periodik� l�gw thc g�inhc peristrof�c kai prokalo�n periodik�c kin�seic, oiopo�ec onom�zontai pal�rroiec (tides). Periss�terec leptom�reiec gia tic palirro�k�cdun�meic kai ta apotel�smat� touc d�nontai ap� ton Melchior [17].� H d�namh twn an�mwn (wind stress), h opo�a dra, t�so efaptomenik� thc epif�neiac,�so kai k�jeta se aut�n. H d�namh twn an�mwn metaf�rei en�rgeia sta an�tera ud�tinastr�mata dhmiourg�ntac ap� k�mata mikr�c di�rkeiac �wc stajer� wke�nia ro�.� H atmosfairik� p�esh (atmospheric pressure), diafor�c thc opo�ac e�nai dunat� naprokal�soun metabol�c stic ud�tinec epif�neiec (ant�strofo barometrik� fain�meno,bl. kef. 3) kai dhmiourg�a reum�twn.� H upojal�ssia seismik� drasthri�thta (underwater seismic activity), e�nai dunat�na prokal�soun kin�seic thc jal�ssiac epif�neiac uper�nw tou epik�ntrou. Se pe-ript�seic isqur�n seism�n dhmiourgo�ntai jal�ssia k�mata ofeil�mena se seismik�cdun�meic. Ta k�mata aut�, me thn a�xhsh tou pl�touc touc, e�nai dunat� na pro-kal�soun meg�lec katastrof�c se par�ktiec perioq�c. Ta jal�ssia aut� k�mataonom�zontai Tsunamis.



KEFALAIO 5 145En� h �lxh tou ped�ou bar�thtac dra se �lo to jal�ssio s�ma, oi up�loipec prwte�ousecdun�meic droun katarq�n sth jal�ssia epif�neia kai sth sun�qeia eisqwro�n sto kur�wcud�tino s�ma.Oi deutere�ousec dun�meic pou prokalo�ntai ap� thn k�nhsh tou nero� e�nai [23]:� H d�namh Coriolis, h opo�a e�nai mia fain�menh d�namh kai dra se �na kino�meno s�ma,�tan aut� parathre�tai se sq�sh me thn kino�menh Gh. H d�namh aut� dra k�jeta stodi�nusma thc taq�thtac.� H d�namh thc trib�c, h opo�a dra sth jal�ssia epif�neia, antist�ketai sthn k�nhs�thc kai metatr�pei thn kinhtik� en�rgeia se jermik�. H d�namh aut� de diaf�rei set�pote sth f�sh thc ap� tic prwte�ousec dun�meic, all� anaf�retai wc deutere�ousal�gw thc emf�nis�c thc am�swc met� thn �narxh thc jal�ssiac k�nhshc.'Opwc kai prohgoum�nwc, h d�namh Coriolis dra sto s�nolo thc jal�ssiac m�zac, en� hd�namh thc trib�c dra sth jal�ssia epif�neia.5.4.2 H genik� ex�swsh k�nhshc twn wke�niwn ud�twnH ex�swsh thc k�nhshc prok�ptei me thn efarmog� tou de�terou n�mou tou Ne�twna stojal�ssio perib�llon. H ex�swsh se dianusmatik� morf� e�nai [23], [9]:dVdt = �1�rp� 2
�V + g+ F; (5.3)�pou V e�nai to di�nusma thc taq�thtac, � h pukn�thta, p h p�esh, 
 h gwniak� taq�thtaperistrof�c thc Ghc, g h d�namh thc bar�thtac kai F oi up�loipec dun�meic pou droun sthmon�da m�zac tou nero�. H parap�nw ex�swsh e�nai dunat� na grafe� se �na kartesian�s�sthma suntetagm�nwn analu�menh stic treic sunist�sec thc taq�thtac wc ex�c:dudt = �1� @p@x + 2
 sin�v � 2
 cos�w + Fxdvdt = �1� @p@y � 2
 sin�u+ Fy (5.4)dwdt = �1� @p@z + 2
cos�u� g + FzStic parap�nw exis�seic oi sunist�sec thc taq�thtac u, v kai w maz� me thn p�esh p apo-telo�n tic �gnwstec pos�thtec thc k�nhshc.Mia ap� tic basik�c paradoq�c gia thn ep�lush twn exis�sewn thc k�nhshc e�nai kai hid�a thc stajer�c wke�niac kuklofor�ac (steady ocean circulation). S�mfwna me thnparadoq�, se meg�lec kl�makec h k�nhsh twn ner�n tou wkeano� e�nai dunat� na melethje�me thn up�jesh thc stajer�c ro�c. Me aut�n ton tr�po, metr�seic se diaforetik�c qronik�cperi�douc epexerg�zontai ap� koino�. H paradoq� aut� kr�jhke apara�thth, l�gw thc arai�ck�luyhc metr�sewn twn reum�twn kai tou k�stouc twn metrhtik�n apostol�n.H ep�lush twn diaforik�n exis�sewn apaite� thn eisagwg� sunoriak�n sunjhk�n kai thneisagwg� thc sunj�khc thc diat�rhshc thc m�zac, �pwc diamorf�netai sthn wkeanograf�a:@u@x + @v@y + @w@z = 0: (5.5)Ep�shc, apaite�tai mia ex�swsh gia thn kat�stash tou jalass�ou nero�, h opo�a sund�ei thnpukn�thta tou nero� me th jermokras�a, thn alat�thta kai thn p�esh m�sa ap� empeirik�csq�seic thc morf�c: �(�; �; �; t) = �(�(�; �; �; t); S(�; �; �; t); p); (5.6)



146 WKEANIA KUKLOFORIA�pou � e�nai h pukn�thta tou jalass�ou nero�, � h jermokras�a, S h alat�thta kai p h p�esh.Mia sq�sh aut�c thc morf�c d�netai stic anafor�c [19] kai [18].H duskol�a sthn ep�lush twn diaforik�n exis�sewn k�nhshc �gkeitai sto gegon�c thc�parxhc mh-grammik�n �rwn, oi opo�oi sund�oun tic merik�c parag�gouc twn agn�stwn me-tax� touc. Ak�mh, h poluplok�thta ston upologism� twn �rwn thc trib�c k�noun apara�thththn aplopo�hsh twn diaforik�n sq�sewn. O upologism�c twn �rwn trib�c e�nai efikt�c, �tanagnohjo�n oi mh-grammiko� �roi thc morf�c (@v=@x)(@u=@x). Oi exis�seic pou prok�ptounonom�zontai exis�seic Navier-Stokes.H efarmog� twn exis�sewn k�nhshc sthn wkeanograf�a kai th gewdais�a afor� stonupologism� twn apol�twn taqut�twn k�nhshc tou nero� se k�je b�joc. O upologism�cpragmatopoie�tai eis�gontac n�ec paradoq�c gia thn pukn�thta kai thn p�esh katal�gontacstic sq�seic udrostatik�c isorrop�ac.5.4.3 Gewstrofik� ro�Oi genikeum�nec exis�seic k�nhshc aplopoio�ntai me thn paradoq� thc stajer�c ro�c kaime th je�rhsh mhdenik�n tim�n gia tic dun�meic trib�c. H paradoq� thc stajer�c ro�cmetafr�zetai sthn up�jesh anuparx�ac epitaq�nsewn stic treic sunist�sec thc taq�thtac(@u=@t = @v=@t = @w=@t = 0). Oi exis�seic k�nhshc �qoun th morf� [23], [9], [22]:2
 sin�v = 1� @p@x2
 cos�u = �1� @p@y (5.7)�g = �1� @p@zOi d�o pr�tec twn exis�sewn (5.7) apotelo�n tic oriz�ntiec sunist�sec thc gewstrofik�cro�c kai h tr�th apotele� thn ex�swsh thc udrostatik�c isorrop�ac. Gewstrofik� re�matadhmiourgo�ntai �tan h d�namh Coriolis ap� thn peristrof� thc Ghc exisorrope�tai ap� thnoriz�ntia kl�sh thc p�eshc. H dhmiourg�a twn gewstrofik�n reum�twn exhge�tai me thneisagwg� twn epifanei�n �shc p�eshc (isobaric surface), oi opo�ec upodhl�noun epif�neiecme koin� tim� thc p�eshc. Oi epif�neiec �shc p�eshc sthn per�ptwsh akinhs�ac twn ud�twne�nai par�llhlec me tic isodunamik�c epif�neiec tou ped�ou bar�thtac. Ap� th stigm� pouoi epif�neiec �shc p�eshc apokl�noun ap� tic isodunamik�c, kai gia na isq�ei to krit�rio thcudrostatik�c isorrop�ac, xekin� h gewstrofik� ro� [35], [23], [9]. H genik�terh morf� thcgewstrofik�c ex�swshc d�netai ap� th sq�sh:�1�rp sin i = 2
V sin� = g tan i (5.8)Katarq�n, h genikeum�nh gewstrofik� ex�swsh ja �prepe na epitr�pei ton prosdiorism�thc taq�thtac tou gewstrofiko� re�matoc me th m�trhsh thc kl�shc twn epifanei�n �shcp�eshc. Sthn pr�xh aut� e�nai ad�nato, afo� oi metr�seic thc p�eshc den g�nontai me thnepijumht� akr�beia kai, epipl�on, h p�esh pr�pei na upologiste� s�mfwna me thn udrostatik�isorrop�a. Ak�ma �mwc kai me aut�n ton tr�po o upologism�c thc gwn�ac i den mpore� nag�nei me akr�beia [23]. H kl�sh thc epif�neiac �shc p�eshc e�nai dunat� na upologiste� meth bo�jeia altimetrik�n metr�sewn, afo� oi metr�seic aut�c anaf�rontai sthn jal�ssiaepif�neia. Epistr�fontac sthn analutik� morf� twn exis�sewn thc gewstrofik�c ro�c,o �roc thc p�eshc e�nai dunat� na apaleifje� qrhsimopoi�ntac thn ex�swsh udrostatik�cisorrop�ac kai diafor�zontac wc proc z. Wc apot�lesma lamb�nontai oi exis�seic jermiko�an�mou (thermal wind equations), stic opo�ec ant� thc p�eshc emfan�zetai h pukn�thta [23]:@(�fv)@z = �g @�@x (5.9)



KEFALAIO 5 147@(�fu)@z = g @�@y ; (5.10)�pou f = 2
 sin� e�nai o par�gontac thc d�namhc Coriolis. Oloklhr�nontac tic exis�seicjermiko� an�mou lamb�nontai oi sunist�sec thc taq�thtac thc gewstrofik�c ro�c (pros�g-gish Boussinesq): v(x; y; z; t) = g�f zZz0 @�@xdz + c(x; y; z0; t) (5.11)u(x; y; z; t) = g�f zZz0 @�@ydz + b(x; y; z0; t): (5.12)To b�joc z0 pou emfan�zetai stic sq�seic olokl�rwshc onom�zetai b�joc anafor�c (refe-rence depth) kai ap� thn epilog� tou exart�ntai kai oi tim�c twn stajer�n olokl�rwshc bkai c. 'Opwc fa�netai kai ap� tic sq�seic upologismo�, h epilog� tou b�jouc anafor�c e�naikr�simh gia ton prosdiorism� twn apol�twn tim�n twn taqut�twn ro�c.To gewdaitik� endiaf�ron twn exis�sewn thc gewstrofik�c ro�c twn jal�ssiwn ud�twnesti�zetai sth s�ndesh twn upologism�nwn taqut�twn me thn ap�stash thc epif�neiac thcj�lassac ap� to ep�pedo z = 0. H ap�stash aut� anaf�retai se mia isodunamik� epif�neiapol� kont� sth jal�ssia epif�neia, gia thn opo�a h tim� tou b�jouc e�nai mhdenik�. 'Opwckai stic hpeirwtik�c efarmog�c, h isodunamik� epif�neia mhdenik�c tim�c uyom�trou e�naito geweid�c, to �dio isq�ei kai stic wkeanografik�c efarmog�c gia thn epif�neia mhde-niko� b�jouc. Oi exis�seic s�ndeshc twn taqut�twn gewstrofik�c ro�c kai thc ap�stashcjal�ssiac epif�neiac kai geweido�c (dunamik� wke�nia topograf�a) upolog�zontai me thnolokl�rwsh thc ex�swshc thc udrostatik�c p�eshc ap� th jal�ssia epif�neia m�qri �nab�joc z. J�tontac thn epifaneiak� pukn�thta wc �s kai thn atmosfairik� p�esh mhdenik��qoume [9]:P (x; y; z; t) = H(x;y;z;t)Zz g�(x; y; z; t)dz = �sgH(x; y; z; t) + 0Zz g�(x; y; z; t)dz; (5.13)�pou H e�nai h dunamik� wke�nia topograf�a. H p�esh sthn epif�neia thc j�lassac, h opo�a�pwc anaf�rjhke den ap�qei pol� ap� th qwrostajmik� epif�neia z = 0, e�nai Ps(x; y; 0; t) =�sgH(x; y; 0; t). Ap� tic exis�seic thc gewstrofik�c ro�c (5.7) upolog�zontai oi sunist�sectwn taqut�twn thc gewstrofik�c ro�c sthn epif�neia [35], [14], [9]:us = � gf @H@y (5.14)vs = gf @H@x (5.15)kai oi �diec sq�seic se sfairik� pros�ggish d�nontai wc ex�c [14]:us = � gfR @H@� (5.16)vs = gfR cos� @H@� ; (5.17)�pou R e�nai h m�sh g�inh akt�na. O upologism�c thc dunamik�c wke�niac topograf�acpragmatopoie�tai ap� thn (5.14) me qr�sh twn (5.11) gia ton prosdiorism� twn us kai vs.Prok�ptei [9]: @H@y = � 1�s 0Zz0 @�@ydz + b (5.18)



148 WKEANIA KUKLOFORIA@H@x = 1�s 0Zz0 @�@xdz + c (5.19)H taq�thta tou gewstrofiko� re�matoc sthn epif�neia anafor�c, dhlad� oi stajer�c olo-kl�rwshc b kai c e�nai �gnwstec. Gia thn aplopo�hsh twn upologism�n oi wkeanogr�foijewro�n tic taq�thtec aut�c wc mhdenik�c. To ep�pedo anafor�c onom�zetai gia to l�goaut�n kai ep�pedo akinhs�ac (level of no motion).Gia thn exagwg� twn sq�sewn thc gewstrofik�c ro�c jewr�jhke katarq�n �ti ta b�jhmetr�ntai se sq�sh me mia isodunamik� epif�neia anafor�c gnwst� stic gewepist�mec wcgeweid�c. H epif�neia tou geweido�c br�sketai pol� kont� sthn epif�neia thc j�lassac.Diaf�rei ap� aut�n kat� ton �ro thc dunamik�c wke�niac topograf�ac, h opo�a ekfr�zeita wke�nia re�mata kai tic metabol�c sthn pukn�thta tou nero�. H epif�neia tou wkeano�jewre�tai epif�neia �shc p�eshc kai sto ep�pedo akinhs�ac h isodunamik� kai h epif�neia �shcp�eshc sump�ptoun. Sth per�ptwsh pou e�nai gnwst� h taq�thta tou re�matoc se m�a epif�neiaanafor�c z = z0, e�nai dunat� na upologiste� h dunamik� jal�ssia topograf�a, dhlad� hap�stash thc jal�ssiac epif�neiac ap� thn epif�neia anafor�c. Ant�strofa, gnwr�zontacthn dunamik� jal�ssia topograf�a, upolog�zontai oi taq�thtec twn reum�twn se k�je b�joc.Ap� ta parap�nw diapist�nontai oi sq�seic thc gewdais�ac kai thc wkeanograf�ac. Akrib�cgn�sh tou geweido�c odhge� ston akrib� orism� thc epif�neiac anafor�c, ston upologism�ap�lutwn tim�n thc dunamik�c jal�ssiac topograf�ac kai ston prosdiorism� twn taqut�twntwn reum�twn se k�je b�joc. Akrib�c gn�sh twn taqut�twn m�sw wkeanografik�n pa-rathr�sewn odhge� ston wkeanografik� prosdiorism� twn apol�twn tim�n thc dunamik�cjal�ssiac topograf�ac kai sth di�rjwsh thc ep�drashc twn fusik�n idiot�twn tou ja-lass�ou nero� kat� ton upologism� tou geweido�c.H analutik� m�jodoc gia ton prosdiorism� twn taqut�twn twn reum�twn ap� dedom�napukn�thtac onom�zetai gewstrofik� m�jodoc upologismo� [23]. Par�la ta anamfisb�-thta pleonekt�mata thc, �son afor� ston taq� upologism� twn taqut�twn ro�c kai toupl�jouc twn plhrofori�n pou �qei d�sei sthn katan�hsh thc k�nhshc twn wkean�n, h m�jodocparousi�zei kai arket� meionekt�mata [23]:1. Odhge� se upologismo�c sqetik�n taqut�twn twn reum�twn kai o upologism�c thc du-namik�c wke�niac kuklofor�ac pragmatopoie�tai m�non �stera ap� epilog� tou epip�douakinhs�ac, o prosdiorism�c tou opo�ou apotele� �na epiple�n pr�blhma.2. H gewstrofik� m�jodoc apokl�nei se par�ktiec perioq�c, giat� to ep�pedo akinhs�acsump�ptei me ton pujm�na thc j�lassac.3. H akr�beia thc mej�dou exart�tai �mesa ap� tic akr�beiec sth m�trhsh diaf�rwn fu-sik�n idiot�twn tou nero�. Sugkekrim�na, h akr�beia sth m�trhsh thc jermokras�ac,thc p�eshc kai thc alat�thtac, kaj�c ep�shc kai h akr�beia ston prosdiorism� j�shctwn stajm�n ephre�zei ta apotel�smata thc mej�dou. An kai ta teleuta�a qr�niaoi akr�beiec ston prosdiorism� �qoun beltiwje� aisjht� me th qr�sh doruf�rwn, hdiadikas�a metr�sewn twn fusik�n idiot�twn tou nero� apaite� belt�wsh.4. Oi dun�meic trib�c pou agno�jhkan �qoun shmantik�c epidr�seic sta jal�ssia str�-mata plhs�on tou pujm�na.5. H ex�swsh apokl�nei se kontin�c tou ishmerino� perioq�c, �pou h ep�drash thc d�namhcCoriolis g�netai amelht�a kai oi dun�meic trib�c upolog�simec.6. H upologism�nh gewstrofik� ro� den perilamb�nei qronik� metaball�menec sunist�sectwn reum�twn, all� parousi�zei thn k�nhsh miac stajer�c wke�niac kuklofor�ac.Gia th mel�th twn qronik� metaball�menwn fainom�nwn apaite�tai h diaqronik� pa-rakolo�jhsh kai katagraf� twn idiot�twn stouc stajmo�c m�trhshc.



KEFALAIO 5 149Me thn an�ptuxh twn altimetrik�n doruforik�n mej�dwn, h parat�rhsh thc st�jmhc thcj�lassac sund�etai me to geweid�c gia ton prosdiorism� thc ap�luthc dunamik�c wke�niactopograf�ac. Sth s�gqronh m�jodo upologismo� den apaite�tai o orism�c tou epip�douakinhs�ac. H asumfwn�a pou parathre�tai sun�jwc, �tan sugkr�nontai altimetrik� upolo-gism�nec tim�c thc dunamik�c wke�niac kuklofor�ac me tim�c upologism�nec qrhsimopoi�ntacth gewstrofik� m�jodo, sqet�zontai me thn epilog� thc epif�neiac akinhs�ac [7], [1].An�loga me th morf� twn epifanei�n �shc pukn�thtac se sq�sh me tic epif�neiec �shcp�eshc h gewstrofik� ro� e�nai dunat� na diakrije� se d�o epim�rouc ro�c:- H barotropik� ro� (barotropic 
ow) emfan�zetai �tan isq�oun oi barotropik�c sun-j�kec, dhlad� �tan ta ner� twn wkean�n jewro�ntai omogen�. Sthn per�ptwsh aut�,oi epif�neiec �shc pukn�thtac e�nai par�llhlec me tic epif�neiec �shc p�eshc, h kl�shtwn epifanei�n �shc pukn�thtac e�nai mikr� kai d�skola aniqne�etai, h pukn�thta twnud�twn e�nai sun�rthsh m�non thc p�eshc kai h taq�thta thc gewstrofik�c ro�c e�naianex�rthth tou b�jouc. H barotropik� ro� ofe�letai kur�wc sthn kl�sh thc jal�ssiacepif�neiac pou prokale�tai ap� thn ep�drash tou an�mou.- H baroklin�c ro� (baroclinic 
ow) emfan�zetai �tan parousi�zontai metabol�c sthnpukn�thta twn wkean�n. H pukn�thta e�nai sun�rthsh thc p�eshc, thc alat�thtac kaithc jermokras�ac, oi epif�neiec �shc pukn�thtac den e�nai par�llhlec me tic epif�neiec�shc p�eshc kai h kl�sh touc e�nai meg�lh kai parathre�tai e�kola, en� h taq�thta tougewstrofiko� re�matoc e�nai se �mesh ex�rthsh me to b�joc.H gewstrofik� jewr�a pou anal�jhke prohgoum�nwc perigr�fei se mia arqik� morf�thn k�nhsh twn wke�niwn reum�twn. H paradoq� thc anuparx�ac mh grammik�n �rwn kaithc apous�ac twn dun�mewn trib�c eis�gei ta kuri�tera sf�lmata thc jewr�ac. Oi Pondand Pickard [23] �deixan �ti h gewstrofik� pros�ggish e�nai ikan� na d�sei ta qarakth-ristik� thc kat� m�kouc k�nhshc en�c isquro� re�matoc, �pwc e�nai to Re�ma tou K�lpou(Gulf Stream), �mwc parousi�zoun asumbat�thtec sthn mel�th thc egk�rsiac sunist�sacthc taq�thtac. H �mfash pou d�jhke sth gewstrofik� pros�ggish ofe�letai sthn �meshs�ndesh twn apotelesm�twn thc me ta apotel�smata s�gqronwn altimetrik�n-gewdaitik�nepexergasi�n, parade�gmata twn opo�wn ja parousiasto�n sthn sun�qeia. H eisagwg� twnmh-grammik�n �rwn kai twn dun�mewn trib�c odhge� sthn periss�tero pol�plokh je�rhshthc kuklofor�ac pou ofe�letai se �nemo (wind-driven circulation) kai thc kuklofor�acpou ofe�letai se metabol�c jermokras�ac kai alat�thtac (thermohaline circulation),oi opo�ec anal�ontai se klasik�c anafor�c fusik�c wkeanograf�ac, �pwc, p.q., [23], [21],[22].5.5 Mont�la wke�niac kuklofor�acOi exis�seic k�nhshc sthn pl�rh morf� touc �qoun pol�ploko qarakt�ra, peri�qontac mhgrammiko�c �rouc kai dun�meic, oi opo�ec e�nai d�skolo na ekfrasto�n analutik�. Gia tol�go aut�n, aplopoio�ntai sun�jwc oi sq�seic kai g�netai prosp�jeia gia analutik� l�shk�tw ap� orism�nec pro�poj�seic. Sthn per�ptwsh aut� lamb�nontai l�seic, oi opo�ec pe-rior�zontai se eidik�c katast�seic tou wke�niou perib�llontoc. H epijum�a thc eisagwg�ctwn mh-grammik�n �rwn od�ghse sta pr�ta mont�la thc wke�niac kuklofor�ac.D�o k�riec kathgor�ec mont�lwn thc wke�niac kuklofor�ac e�nai dunat� na oristo�n. Tamhqanistik� mont�la (mechanistic models) kai ta mont�la prosomo�wshc (simulationmodels). H gewmetr�a twn mhqanistik�n mont�lwn sqedi�zetai �so to dunat�n aplo�sterhkai den eis�getai kan�nac epipl�on par�gontac pou na mh sqet�zetai me to zhto�meno pouperigr�fetai. T�toia mont�la eis�gontai, p.q., se peript�seic mel�thc thc ep�drashc touwke�niou pujm�na sthn k�nhsh twn reum�twn kai kan�na stoiqe�o pou de sqet�zetai me tonpujm�na den eis�getai sto mont�lo perigraf�c. Me th qr�sh twn mont�lwn prosomo�wshc



150 WKEANIA KUKLOFORIAanapar�statai h pragmatik� wke�nia kuklofor�a, h opo�a kai sugkr�netai me tic wkeano-grafik�c parathr�seic. H gewmetr�a aut�n twn mont�lwn e�nai pol�plokh, afo� pr�pei naperigr�fei �lec tic epidr�seic pou odhgo�n se jal�ssia k�nhsh, �pwc kai k�je �ro sticexis�seic thc k�nhshc.Kai oi d�o t�poi twn mont�lwn belti�noun th gn�sh mac gia thn k�nhsh twn wke�niwnud�twn. Ta mhqanistik� mont�la e�nai e�kola sthn ermhne�a twn apotelesm�twn touc kaibohjo�n sthn katan�hsh thc ep�drashc sugkekrim�nwn fusik�n fainom�nwn sth dunamik�thc wke�niac kuklofor�ac. Ta mont�la prosomo�wshc epitr�poun �mesh s�gkrish me thf�sh kai apodeikn�oun �ti ta mont�la thc wke�niac kuklofor�ac antikatoptr�zoun th fusik�pragmatik�thta.Ta mont�la wke�niac kuklofor�ac perigr�foun thn pragmatik�thta arket� pist�, idi-a�tera tic teleuta�ec dekaet�ec, me thn an�ptuxh beltiwm�nwn mej�dwn, thn an�ptuxh twnhlektronik�n upologist�n kai twn pagk�smiwn b�sewn dedom�nwn. Ta s�gqrona mont�laperigr�foun fain�mena topik�c, perifereiak�c, all� kai pagk�smiac kl�makac, kai par�qoundiakrit�thtec, ikan�c na perigr�youn th met�dosh thc jerm�thtac, thc alat�thtac kai twn�llwn jalass�wn idiot�twn se meg�lec apost�seic [32]. Analutik� wke�nia mont�la denperigr�foun m�no thn k�nhsh twn reum�twn, all� anal�oun tic sun�peiec thc k�nhshc sthnallag� tou kl�matoc sth biolog�a kai sth bioqhme�a twn wkean�n [5], [6].H �narxh thc montelopo�hshc twn wke�niwn parathr�sewn topojete�tai sth dekaet�a tou1960. Gia thn kataskeu� twn pr�twn mont�lwn qrhsimopoi�jhke h teqnik� twn diakrit�ndiafor�n [23] kai ta wkeanografik� apotel�smata sundu�sthkan me atmosfairik�c para-thr�seic gia th mel�th tou g�inou kl�matoc. Oi arqik�c mel�tec perior�sthkan se kl�makectopik�c kai exet�zontan par�llhla kai oi topik�c idi�thtec qarakthristik�n perioq�n touplan�th mac. Ta pr�ta mont�la pagk�smiac kl�makac emfan�sthkan th dekaet�a tou 1970.H diakritik� ikan�thta twn mont�lwn den xeperno�se tic 2� orizont�wc, en� h katak�rufhsunist�sa touc diaqwriz�tan se m�lic 12 katak�rufa ep�peda gia k�je shme�o. Ta mont�laaut�c thc morf�c qrei�zontan ekatont�dec �rec gia ton upologism� touc kai parous�azanthn prosomo�wsh m�lic merik�n et�n. Ap� ta m�sa thc dekaet�ac tou 1970 �gine anti-lhpt� �ti ta periss�tera wke�nia re�mata parousi�zoun �ntona qarakthristik� se kann�boucmikr�terouc thc miac mo�rac. Ta �ntona aut� qarakthristik�, pou parathro�ntai se mikr�ckl�makec kai onom�zontai re�mata m�shc kl�makac (mesoscale eddies) �tan ad�nato naparathrhjo�n kai na ermhneuto�n ap� ta �wc t�te up�rqonta mont�la. To e�doc aut� twnreum�twn e�nai to ant�stoiqo twn atmosfairik�n kataig�dwn sthn per�ptwsh twn wkean�n.Gia thn eisagwg� twn fainom�nwn mikro� m�kouc k�matoc sta arijmhtik� mont�la �prepena epilego�n k�nnaboi pou na mhn xeperno�n ta 20 qili�metra sta m�sa pl�th [32]. Giathn ep�teuxh twn parap�nw, s�mfwna me ta upologistik� m�sa thc epoq�c, �prepe na pe-rioriste� h perioq� thc mel�thc, na elattwjo�n ta katak�rufa ep�peda parat�rhshc kai naefarmosto�n kat�llhla f�ltra stic exis�seic parat�rhshc, �ste na epitrape� o upologism�cm�no kur�arqwn reum�twn. G�rw sta m�sa tou 1980 pragmatopoi�jhke meg�lh pr�odoc sthnprosomo�wsh perissot�rwn stoiqe�wn thc wke�niac kuklofor�ac, h opo�a apod�detai stic au-xhm�nec upologistik�c dunat�thtec thc epoq�c. Gewstrofik� mont�la �kanan thn emf�nis�touc se ektetam�nec perioq�c mel�thc kai h eisagwg� perissot�rwn param�trwn tou wke�niouperib�llontoc �gine dunat�. Thn per�odo aut� emfan�sthkan ta pr�ta mont�la gia ton Indik�Wkean� kai aniqne�thke h ep�drash twn mous�nwn. Sta t�lh tou 1980 anapt�qjhkan mont�laprosomo�wshc se meg�lec kl�makec eis�gontac parathr�seic twn an�mwn kai twn atmosfai-rik�n epidr�sewn sthn pukn�thta. Ta mont�la auto� tou t�pou e�qan m�gejoc kann�bou �some 1/4�, 1/3� � 1/2�. Me thn emf�nish aut�n twn mont�lwn dhmiourg�jhkan oi sunj�kec giathn pr�bleyh twn akra�wn metewrologik�n fainom�nwn, �pwc tou El Ni~no. Sth dekaet�a tou1990, h meg�lh an�ptuxh pou gn�risan oi doruforik�c m�jodoi parat�rhshc, kaj�c ep�shckai h shmas�a pou d�jhke ap� th diejn� koin�thta sth mel�th twn atmosfairik�n fainom�nwnkai h �mesh s�ndes� touc me ta wkeanografik� fain�mena od�ghsan sthn an�ptuxh mej�dwnepexergas�ac kai montelopo�hshc. Ta uyhl� qrhmatodoto�mena progr�mmata gia thn pa-rat�rhsh twn wkean�n (WOCE { TOGA) epit�qunan th dhmiourg�a axi�pistwn mont�lwn



KEFALAIO 5 151wke�niac kuklofor�ac.H oloklhrwm�nh katan�hsh thc wke�niac kuklofor�ac kai oi sun�pei�c thc sto twrin�g�ino kl�ma kai stic mellontik�c allag�c tou pragmatopoie�tai sth s�gqronh �reuna m�swtou sunduasmo� dunamik�n mont�lwn kuklofor�ac kai n�wn parathr�sewn. O sunduasm�caut�c pragmatopoie�tai m�sa ap� tic jewr�ec thc b�ltisthc ekt�mhshc kai pio sugkekrim�nam�sa ap� tic s�gqronec jewr�seic thc b�ltisthc afomo�wshc (assimilation) twn n�wn para-thr�sewn sta up�rqonta mont�la. H diadikas�a thc afomo�wshc sqet�zetai me thn b�ltistheisagwg� n�wn parathr�sewn se �dh up�rqonta upologism�na mont�la. O qarakt�rac twnmont�lwn aut�n e�nai dunamik�c kai pr�pei na perigr�fei thn kat�stash twn wkean�n semia meg�lh qronik� per�odo. Oi n�ec parathr�seic pou eis�gontai anane�noun thn isq� toumont�lou. To basik�tero mont�lo prosomo�wshc-afomo�wshc twn parathr�sewn gia thnperigraf� thc pagk�smiac wke�niac kuklofor�ac e�nai to mont�lo pou pro�kuye ap� tic er-gas�ec twn ereunhtik�n om�dwn touWOCE. To Par�llhlo Mont�lo Wke�niou Kl�matoc(Kuklofor�ac) (Parallel Ocean Climate (Circulation) Model { POCM) [28] apotele� miaap� tic teleuta�ec exel�xeic ston tom�a thc mel�thc tou wke�niou perib�llontoc. Periss�teragia thn perigraf� twn mont�lwn kai th s�gkris� touc me udrografik�c kai doruforik�c para-thr�seic d�nontai ap� touc Stammer et al. [29], �pwc ep�shc kai sth die�junsh tou diadikt�ouhttp://web.nps.navy.mil/�rtt.Me thn �leush twn uperupologist�n thc teleuta�ac pentaet�ac (p.q., CRAY) kai methn pr�odo stic par�llhlec epexergas�ec twn susthm�twn montelopo�hshc h dunat�thtasuneqo�c parakolo�jhshc twn wkean�n kai twn allhlepidr�se�n touc me thn atm�sfairaapotele� thn mellontik� prooptik�. H efarmog� twn par�llhlwn upologistik�n epexer-gasi�n od�ghse sthn an�ptuxh mont�lwn perigraf�c twn idiot�twn twn wkean�n me meg�lhdiakritik� ikan�thta �pwc ta mont�la tou Par�llhlou Progr�mmatoc gia ton Wkean�(Parallel Ocean Program { POP models) [24]. Ta mont�la aut� �qoun ft�sei th diakritik�ikan�thta tou 1/6� kai topik� ston Atlantik� Wkean� to 1/10�. Par�la aut� ta mont�latwn wkean�n den ja apodeiqte� �ti e�nai kal�c orism�na par� m�non �tan ja mpor�soun naanaparast�soun me saf�neia tic katanom�c thc jermokras�ac, thc alat�thtac kai twn �llwnidiot�twn tou wkeano�, �pwc ep�shc kai tic s�gqronec diad�seic twn anjrwpogen�n aer�wnkai twn radienerg�n katalo�pwn. H pl�rhc katan�hsh thc faner�c pl�on allhlep�drashc thcwke�niac kuklofor�ac me tic allag�c tou g�inou kl�matoc apotele� mia ap� tic prokl�seictou m�llontoc.5.6 Wkeanografik�c efarmog�c tou ped�ou bar�thtacAp� tic prohgo�menec paragr�fouc g�netai antilhpt� h meg�lh shmas�a thc epist�mhc thcwkeanograf�ac sthn pros�ggish tou geweido�c kai tou exwteriko� ped�ou bar�thtac. O sun-detik�c kr�koc metax� thc gewdais�ac kai thc wkeanograf�ac e�nai h ap�klish tou geweido�cap� th m�sh st�jmh thc j�lassac, dhlad� h dunamik� wke�nia topograf�a, h opo�a e�naidunat� na upologiste�, t�so ap� kajar� wkeanografik�c parathr�seic, �so kai ap� to sun-duasm� gewdais�ac kai altimetr�ac. H eisagwg� thc doruforik�c altimetr�ac stic mel�tecthc wke�niac kuklofor�ac me skop� th belt�wsh tou geweido�c parousi�sthke ap� toucWunsch and Gaposchkin [36]. Gia pr�th for� parousi�sthkan ta mont�la b�ltistou sun-duasmo� wkeanografik�n kai gewdaitik�n dedom�nwn kai anal�jhkan peript�seic belt�wshcsthn pros�ggish tou geweido�c kai thc wke�niac kuklofor�ac an�loga me thn poi�thta twndedom�nwn. O Engelis [7] an�ptuxe se sfairik�c armonik�c to mont�lo tou wkeanografiko��tlanta tou Levitus [15], me �rio to bajm� an�ptuxhc 36. Oi Tai and Wunsch [30] upol�gisanmia ekt�mhsh thc dunamik�c jal�ssiac topograf�ac anal�ontac pagk�smia dedom�na tou do-ruf�rou Seasat kai to gewdunamik� mont�lo GEM-9 tou k�ntrou diasthmik�n pt�sewn God-dard. Ta apotel�smata sugkr�jhkan me ta dedom�na tou wkeanografiko� �tlanta tou Levi-tus [15]. O Engelis [8] parous�ase mia ekt�mhsh thc pagk�smiac wke�niac kuklofor�ac sth-riz�menoc sthn pagk�smia doruforik� k�luyh tou Seasat kai to mont�lo GEML2. 'Emfashd�jhke sto pleon�kthma thc mej�dou aut�c �nanti twn kajar� wkeanografik�n mej�dwn



152 WKEANIA KUKLOFORIAkai thc paradoq�c touc gia to ep�pedo akinhs�ac. O Marshall [16] parous�ase mia m�jodopros�ggishc tou geweido�c kai thc dunamik�c wke�niac kuklofor�ac, h opo�a sthr�zetaistic arq�c thc b�ltisthc ekt�mhshc el�qisthc metablht�thtac. Mia analutik� mel�th thcakr�beiac prosdiorismo� tou baruthmetriko� geweido�c se s�gkrish me thn pros�ggish thcdunamik�c wke�niac topograf�ac kai thc jal�ssiac kuklofor�ac d�netai ap� ton Zlotnicki[37]. Oi Tapley et al. [31] parous�asan thn pagk�smia ekt�mhsh thc dunamik�c wke�niac to-pograf�ac se an�ptugma sfairik�n armonik�n ft�nontac m�qri ton bajm� 9, afo� ap�deixan�ti h fasmatik� sumperifor� tou sf�lmatoc sthn pros�ggish tou geweido�c kai tou s�matocthc jal�ssiac topograf�ac e�nai �moia kai ta d�o s�mata e�nai ad�nato na diaqwristo�np�ra ap� ton proanaferj�nta bajm�. H m�qri t�te ex�lixh stic baruthmetrik�c diadikas�ecsth j�lassa den ep�trepan th qr�sh jal�ssiwn metr�sewn. Mia ap� tic arqik�c efarmog�csth mel�th sugkekrim�nwn reum�twn tou plan�th d�jhke ap� touc Fu and Chelton [10] me thnanagn�rish tou Parap�leiou Re�matoc thc Antarktik�c. H pagk�smia an�lush thc duna-mik�c wke�niac kuklofor�ac parousi�sthke, t�so m�sw epifaneiak�n sfairik�n armonik�n,orjokanonik�n sunart�sewn [11], [12], �so kai eidik�n sunart�sewn, p.q. sunart�sewnProudman [27], [20]. Parade�gmata gia topik�c efarmog�c ston prosdiorism� thc dunamik�cjal�ssiac topograf�ac kai twn dianusm�twn thc gewstrofik�c ro�c d�nontai ap� touc [4] giath Mes�geio kai ap� ton Knudsen gia th B�reia J�lassa [14] qrhsimopoi�ntac metasqh-matismo�c Fourier kai gia ta nhsi� Faeroes [13] qrhsimopoi�ntac th m�jodo thc shmeiak�cprosarmog�c kai ek twn prot�rwn plhrofor�a gia to f�sma tou st�simou kai tou duna-miko� m�rouc thc jal�ssiac topograf�ac. H efarmog� thc jewr�ac thc pollapl�c eis�dou- pollapl�c ex�dou ston prosdiorism� tou st�simou m�rouc thc jal�ssiac topograf�ac sesunduasm� me thn an�lush sfalm�twn twn altimetrik�n dedom�nwn sth sugkekrim�nh qro-nik� per�odo parousi�zontai ap� touc Andritsanos et al. [2], [1], [3].5.7 Anakefala�wshSto kef�laio aut� parousi�zontai oi arq�c thc wke�niac kuklofor�ac. Oi kin�seic twnud�tinwn maz�n stic wke�niec ekt�seic �qoun �mesh sq�sh me thn kl�sh thc dunamik�cjal�ssiac topograf�ac pou sund�ei to baruthmetrik� geweid�c, pou anaf�rjhke sto pro-hgo�meno kef�laio, me th stigmia�a jal�ssia epif�neia pou par�qoun oi altimetrik�c pa-rathr�seic. An�f�rjhkan oi basik�c fusik�c idi�thtec tou jalass�ou nero� kai ta �rganam�trhshc thc wke�niac ro�c. Parousi�sthkan oi n�moi pou di�poun tic kin�seic twn ud�tinwnmaz�n kai anapt�qjhkan oi exis�seic perigraf�c thc ro�c. Idia�terh �mfash d�jhke sthnper�ptwsh thc gewstrofik�c ro�c, h opo�a sund�etai �mesa me thn epif�neia thc dunamik�cjal�ssiac topograf�ac. Parousi�sthkan oi m�jodoi wkeanografiko� prosdiorismo� thcjal�ssiac topograf�ac qrhsimopoi�ntac metr�seic twn fusik�n ud�tinwn idiot�twn (jer-mokras�a, alat�thta) kai anal�jhkan oi adunam�ec thc pros�ggishc aut�c. T�loc, pragma-topoi�jhke m�a anadrom� sta kuri�tera pagk�smia mont�la thc wke�niac kuklofor�ac kaiperigr�fhkan oi tr�poi pros�ggishc touc, kaj�c kai oi efarmog�c touc sthn pros�ggishtou ped�ou bar�thtac.Me to kef�laio aut� oloklhr�netai h perigraf� twn mej�dwn metr�shc sto jal�ssioperib�llon. Me thn anafor� sth doruforik� altimetr�a, sth jal�ssia baruthmetr�a kai sthnwke�nia kuklofor�a, kaj�c ep�shc kai stic gnwst�c mej�douc metr�sewn stic hpeirwtik�cekt�seic sull�gontai �lec oi apara�thtec plhrofor�ec gia tic eterogene�c parathr�seic poue�nai dunat� na qrhsimopoihjo�n se m�a sunduasm�nh pros�ggish param�trwn tou ped�oubar�thtac. Sto ep�meno kef�laio anal�etai h m�jodoc sunduasmo�, h opo�a e�nai kai tok�rio ereunhtik� antike�meno thc mel�thc, s�mfwna me touc algor�jmouc thc jewr�ac twngenikeum�nwn susthm�twn pollapl�c eis�dou � pollapl�c ex�dou.
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Kef�laio 6M�jodoi B�ltistou Sunduasmo�Eterogen�n Dedom�nwn - Jewr�aSusthm�twn6.1 Eisagwg�Ap� tic arq�c thc dekaete�ac tou >70 m�qri s�mera oi metasqhmatismo� Fourier qrhsimo-poio�ntai eur�tata sth l�sh praktik�n problhm�twn thc fusik�c gewdais�ac. H ep�lushpol�plokwn oloklhrwm�twn kat�llhlhc morf�c (suneliktik� oloklhr�mata) apot�lese thspoudai�terh efarmog� twn metasqhmatism�n sthn pros�ggish tou g�inou ped�ou bar�thtac.H efarmog� tou algor�jmou tou Taq�wc Metasqhmatismo� (Fast Fourier Transform - FFT)e�qe wc apot�lesma th shmantik� aplopo�hsh thc upologistik�c diadikas�ac [27]. Par�lata anamfisb�thta pleonekt�mata, oi klasik�c fasmatik�c m�jodoi parousi�zoun kai k�poiecadunam�ec, �pwc, p.q., thn up�jesh �parxhc omoiogen�n, q�ric j�rubo, dedom�nwn. H jewr�atwn susthm�twn pou parousi�zetai sth sun�qeia antimetwp�zei tic parap�nw adunam�ec. Meb�sh tic idiot�tec twn metasqhmatism�n kai th jewr�a met�doshc twn sfalm�twn, h jewr�asusthm�twn sundu�zei eterogen� dedom�na me b�ltisto tr�po kai axiopoie� tic plhrofor�ecgia tic statistik�c idi�thtec twn dedom�nwn kai th morf� touc. H adunam�a prosdiori-smo� twn akribei�n upologismo� thc b�ltisthc l�shc, pou emfan�zetai wc �na shmantik�meion�kthma thc �wc t�ra an�lushc sto ped�o twn suqnot�twn, antimetwp�zetai me thn efar-mog� thc kat�llhlhc jewr�ac. Eidik� krit�ria axiopoio�ntai kat� thn e�resh thc b�ltisthcl�shc kai th met�dosh twn sfalm�twn twn metr�sewn sta apotel�smata (propagation er-rors).6.2 Jewrhtik� up�bajro'Ena ideat� s�sthma onom�zetai eke�no to opo�o �qei stajer�c param�trouc kai e�naigrammik� metax� d�o kal� orism�nwn shme�wn, pou onom�zontai shme�o eis�dou (input) ��xarshc (excitation) kai shme�o ex�dou (output) � ap�krishc (response) [17]. 'Ena s�sthma�qei stajer�c param�trouc, �tan �lec oi jemelei�deic idi�tht�c tou e�nai anex�rthtec touqr�nou (q�rou sthn per�ptwsh qwrik�n metablht�n) kai onom�zetai grammik�, �tan staqarakthristik� ap�krishc tou sust�matoc isq�oun oi idi�thtec thc prosjetik�thtac kai thcomoiog�neiac. 'Estw f(y) antiproswpe�ei to s�ma ex�dou s> �na s�ma eis�dou y, t�te tos�sthma e�nai grammik� �tan: f(y1 + y2) = f(y1) + f(y2); (6.1)157



158 JEWRIA SUSTHMATWNgia thn idi�thta thc prosjetik�thtac kaif(cy) = cf(y); (6.2)gia thn idi�thta thc omoiog�neiac. y1, y2 e�nai ta s�mata eis�dou kai c mia stajer�.H paradoq� twn stajer�n param�trwn isq�ei sthn per�ptwsh poll�n fusik�n susthm�-twn. To ped�o bar�thtac mpore� na jewrhje�, sumbatik�, wc �na fusik� s�sthma stajer�nparam�trwn. Antij�twc, h idi�thta thc grammik�thtac e�nai k�ti to pol� sp�nio gia thnper�ptwsh fusik�n susthm�twn, ta opo�a parousi�zoun antidr�seic mh grammik�c. Par�laaut�, ta qarakthristik� ap�krishc poll�n fusik�n susthm�twn mpore� na jewrhjo�n gram-mik� qwr�c thn eisagwg� shmantik�n sfalm�twn. To ped�o bar�thtac, an kai apotele� eng�nei mh grammik� s�sthma, antimetwp�zetai wc grammik� gia thn aplopo�hsh twn upolo-gism�n kai exait�ac tou gegon�toc �ti ta sf�lmata l�gw grammikopo�hshc e�nai amelht�a.'Ena shmantik� s�ma eis�dou pou qrhsimopoie�tai eur�wc e�nai h monadia�a sun�rthshpalmo� �(m;n) (unit impulse function), h opo�a onom�zetai ep�shc suneq�c sun�rthshd�lta (continuous delta function) � sun�rthsh Dirac [21]. H monadia�a sun�rthsh palmo�mpore� na jewrhje� wc �na suneq�c s�ma mhdeniko� pl�touc kai ape�rou m�kouc�(m;n) = � 1 �tan to n = m = 00 diaforetik� (6.3)kai monadia�ou embado� Z 1�1 Z 1�1 �(m;n)dmdn = 1: (6.4)Gia th sun�rthsh d�lta isq�ei h metabatik� idi�thtaZ 1�1 Z 1�1 f(k; l)�(m� k; n� l)dkdl =Z 1�1 Z 1�1 f(m� k; n� l)�(k; l)dkdl = f(m;n); (6.5)me thn opo�a mpore� na apomonwje� � na anaparaqje� mia sugkekrim�nh tim� thc sun�rthshcf(m;n), me thn up�jesh mh �parxhc asuneqei�n kata m;n.Ta dunamik� qarakthristik� en�c grammiko� sust�matoc stajer�n param�trwn mporo�nna perigrafo�n ap� mia sun�rthsh b�rouc h(k; l), pou onom�zetai kai suneq�c ap�krishpalmo� (continuous impulse response) kai or�zetai wc to apot�lesma tou sust�matoc se �namonadia�o s�ma palmo� eis�dou, pou efarm�zetai se �na prohgo�meno shme�o k; l. Gia k�jeauja�reto s�ma eis�dou, h �xodoc tou sust�matoc prok�ptei ap� �na suneliktik� olokl�rwmathc morf�c [21], [15]:x(m;n) = Z 1�1 Z 1�1 h(k; l)y(m� k; n� l)dkdl= Z 1�1 Z 1�1 h(m� k; n� l)y(k; l)dkdl: (6.6)H suneq�c ap�krish palmo� mpore� na jewrhje� wc h �xodoc tou sust�matoc se mia sun�rthshpalmo� h(m;n) = Z 1�1 Z 1�1 h(k; l)�(m� k; n� l)dkdl: (6.7)'O,ti parousi�zetai parap�nw anaf�retai se didi�stata sust�mata, afo� ta dedom�napou qrhsimopoio�ntai stic gewepist�mec antiproswpe�oun didi�statec qwrik�c metablht�c.'Enac orism�c, o opo�oc diaforopoie� ta monodi�stata sust�mata qr�nou pou qrhsimo-poio�ntai sthn hlektronik� epist�mh, ap� ta didi�stata qwrik� sust�mata, pou qrhsimo-poio�ntai stic gewepist�mec, e�nai o orism�c thc perioq�c upost�rixhc (region of support).



KEFALAIO 6 159To e�roc twn m;n deikt�n, m�sa sto opo�o to didi�stato s�sthma lamb�nei tim�c di�forectou mhden�c onom�zetai perioq� empistos�nhc [15].'Opwc anaf�rjhke kai sthn eisagwg� tou par�ntoc kefala�ou, h ep�lush twn suneliktik�noloklhrwm�twn pragmatopoie�tai me meg�lh eukol�a me th bo�jeia twn metasqhmatism�nFourier. H suneliktik� morf� ap� ton q�ro twn apost�sewn morfopoie�tai se apl� pr�xhpollaplasiasmo� twn sunart�sewn sto q�ro twn suqnot�twn. H ex�swsh (6.6) metatr�petaisth morf� [6], [19]: X(u; v) = H(u; v)Y (u; v); (6.8)�pou X(u; v), H(u; v) kai Y (u; v) oi metasqhmatismo� Fourier (f�smata) twn x(k; l), h(k; l)kai y(k; l) ant�stoiqa. H sq�sh (6.8) �squei m�no, �tan to fusik� s�sthma e�nai pragmato-poi�simo (physically realizable) kai stajer� (stable).'Ena monodi�stato hlektronik� s�sthma onom�zetai fusik� pragmatopoi�simo, �tan{apant�} m�no se s�mata eis�dou prohgo�menhc qronik�c stigm�c, dhlad�, isq�ei h(�) = 0gia k�je � < 0 [17]. H idi�thta aut� den isq�ei �mesa sthn per�ptwsh didi�statwn qwrik�nshm�twn tou ped�ou bar�thtac. Gia jewrhtiko�c l�gouc uiojete�tai mia kat�llhlh perioq�upost�rixhc, pou onom�zetai as�mmetro hmi-ep�pedo (nonsymmetric half plane - NSHP)[15]. Me ton parap�nw orism� thc perioq�c upost�rixhc, h apa�thsh gia fusik� pragma-topoi�simo s�sthma ikanopoie�tai, afo� pl�on to s�ma ex�dou upolog�zetai me diadikas�ecan�logec proc thn s�rwsh thc thleoptik�c eik�nac: S�rwsh gramm��gramm�, ap� p�nw procta k�tw kai ap� arister� proc ta dexi�. Gia to l�go aut�n, to k�tw �rio thc oloklhrwma-tik�c sq�shc (6.6) e�nai mhd�n. Stajer� onom�zetai t� s�sthma, gia to opo�o k�poio s�maeis�dou me �rio A par�gei �na s�ma ex�dou, to opo�o parousi�zei kai aut� �rio, dhlad� [15],jx(m;n)j = ��� Z 1�1 Z 1�1 h(k; l)y(m� k; n� l)dkdl���� Z 1�1 Z 1�1 jh(k; l)jjy(m� k; n� l)jdkdl: (6.9)Eidik�tera, h sun�rthsh H(u; v) thc ex�swshc (6.8) onom�zetai sun�rthsh ap�kri-shc suqn�thtac (frequency response function). H sun�rthsh aut� apotele� ton par�gontas�ndeshc s�matoc eis�dou / ex�dou kai o b�ltistoc prosdiorism�c thc apotele� antike�menotou par�ntoc kefala�ou. H sun�rthsh ap�krishc suqn�thtac e�nai o metasqhmatism�c Fou-rier thc monadia�ac sun�rthshc palmo� kai gia �na s�sthma stajer� kai fusik� pragmato-poi�simo d�netai ap� th sq�sh [21]:H(u; v) = Z 10 Z 10 h(k; l)e�j2�(uk+vl)dkdl: (6.10)Parathr�ntac th sq�sh (6.10), to k�tw �rio thc olokl�rwshc e�nai mhd�n kai �qi �1, afo�h(k; l) = 0 gia k�je k; l < 0. H sun�rthsh ap�krishc suqn�thtac e�nai genik� mia migadik�pos�thta, h opo�a mpore� sumbatik� na oriste� ap� to m�gej�c thc kai thn ant�stoiqh f�sh.Aut� mpore� na pragmatopoihje� gr�fontac thn H(u; v) sth morf�:H(u; v) = jH(u; v)je�j�(u;v); (6.11)�pou h ap�luth tim� jH(u; v)j kale�tai par�gontac k�rdouc (gain factor) tou sust�matockai h ant�stoiqh gwn�a f�shc � par�gontac f�shc (phase factor) tou sust�matoc. Hantistoiq�a me to ped�o bar�thtac mpore� pol� e�kola t�ra na perigrafe�. 'Estw h apl�per�ptwsh thc ep�pedhc pros�ggishc tou oloklhr�matoc tou Stokes [42],N(xP ; yP ) = 12�
 ZEZ �g(x; y)l(x� xP ; y � yP )dxdy; (6.12)�pou N e�nai h apoq� tou geweido�c, �g h anwmal�a bar�thtac, xP ; yP kai x; y oi sunta-tagm�nec tou shme�ou upologismo� P kai tou tr�qontoc shme�ou kai l =p(x� xP )2 + (y � yP )2



160 JEWRIA SUSTHMATWNh ap�stash metax� twn shme�wn. Pr�keitai gia �na dipl� olokl�rwma suneliktik�c morf�c,�pwc kai h ex�swsh (6.6), to opo�o mpore� na metasqhmatiste� s�mfwna me thn (6.8) [27],N(u; v) = L(u; v)�G(u; v); (6.13)�pou N(u; v), L(u; v) kai �G(u; v) e�nai oi ant�stoiqoi metasqhmatismo� Fourier (f�smata)twn sunart�sewn N(x; y), l(x; y) kai �g(x; y).'O,ti anaf�rjhke m�qri aut� th stigm�, afor� se suneqe�c metablht�c. Ta s�mata �mwcsthn per�ptwsh thc mel�thc tou ped�ou bar�thtac e�nai diakrit�, afo� pro�rqontai ap� dia-krit�c metr�seic. Se analog�a me ta suneq� s�mata, �na eidik� e�doc s�matoc pou afor� sediakrit� dedom�na e�nai h monadia�a sun�rthsh palmo� (unit impulse function) �[m;n],h opo�a onom�zetai ep�shc kai diakrit� sun�rthsh d�lta (discrete delta sequence). Upo-log�zetai wc [21], [15] �[m;n] = � 1 �tan to m = n = 00 diaforetik�: (6.14)Opoiad�pote diakrit� seir� f [m;n] mpore� na grafe� wc �na �jroisma thc morf�cf [m;n] = 1Xk=�1 1Xl=�1 f [k; l]�[m� k; n� l]= 1Xk=�1 1Xl=�1 f [m� k; n� l]�[k; l]: (6.15)'Estw h[m;n] e�nai h diakrit� ap�krish palmo� (discrete impulse response) en�c diakrito�grammiko� sust�matoc. H ap�krish ex�dou g[m;n] se mia auja�reth seir� eis�dou f [m;n]upolog�zetai ap� to �jroisma thc diakrit�c sun�lixhcg[m;n] = 1X�1 1X�1 h[m� k; n� l]f [k; l]: (6.16)H (6.16) apotele� thn diakritopo�hsh tou suneliktiko� oloklhr�matoc thc (6.6) kai qrh-simopoie�tai sthn per�ptwsh diakrit�n susthm�twn, �pwc to fusik� s�sthma tou ped�oubar�thtac.6.3 Stoiqe�a an�lushc tuqa�wn dedom�nwnE�nai eur�wc gnwst� stic fusik�c epist�mec h di�krish twn dedom�nwn se (a) nteterministik�kai (b) stoqastik� � tuqa�a [41]. Nteterministik� dedom�na e�nai eke�na ta opo�a mp�rounna perigrafo�n austhr� me th bo�jeia k�poiac majhmatik�c sq�shc. Stoqastik� � tuqa�aonom�zontai ta dedom�na pou den mporo�n na perigrafo�n me th bo�jeia miac austhr�cmajhmatik�c sq�shc. Me �lla l�gia, k�je parat�rhsh antiproswpe�ei m�no �na ap� ta�peira dunat� apotel�smata, ta opo�a mporo�n na prok�youn [8].S�mfwna me tic s�gqronec antil�yeic thc fusik�c, to ped�o bar�thtac antimetwp�zetaiwc �na ped�o shm�twn. Ta s�mata aut� apotelo�n stoiqe�a tou ped�ou, ta opo�a exart�ntai�mesa ap� to g�ino diataraktik� dunamik� [16], [43], p.q., anwmal�ec bar�thtac, apoq�cgeweido�c, apokl�seic thc katakor�fou. Ta s�mata aut� apotelo�n tic tuqa�ec metablht�ctou fusiko� sust�matoc. H qrhsimopo�hsh stoqastik�n metablht�n epitr�pei thn eisagwg�twn ennoi�n thc stasim�thtac kai thc ergodik�thtac. Periss�tera gia th jewrhtik� anti-met�pish tou ped�ou bar�thtac kai tic s�gqronec mej�douc pros�ggishc parousi�zontai stokef�laio 2.M�a sun�rthsh, h opo�a antiproswpe�ei �na tuqa�o fain�meno se k�poia qronik� stigm�onom�zetai deigmatik� sun�rthsh [20]. To s�nolo twn deigmatik�n sunart�sewn pou pe-rigr�foun to tuqa�o fain�meno sto s�nolo thc ex�lix�c tou onom�zetai stoqastik� diadi-kas�a (stochastic - random process) [20], [21]. Mia diakrit� stoqastik� diadikas�a mpore� na



KEFALAIO 6 161jewrhje� wc mia sullog� pragmatik�n � migadik�n qronik�n (� qwrik�n) seir�n, k�je m�aap� tic opo�ec mpore� na parathrhje� se opoiad�pote dokim� en�c peir�matoc. Wc dokim� en�cpeir�matoc sthn per�ptwsh tou g�inou ped�ou bar�thtac mpore� na jewrhje� mia seir� metr�-sewn tou meg�jouc tou dian�smatoc thc bar�thtac. H antimet�pish tou ped�ou bar�thtac wcped�ou tuqa�wn metablht�n mpore� na fa�netai katarq�n auja�reth (kai sthn pragmatik�thtae�nai, bl. kef. 2), apotele� �mwc thn idanik� paradoq� gia thn ep�lush poll�n problhm�twnthc fusik�c gewdais�ac. H l�sh twn arijmhtik�n problhm�twn sqet�zetai me d�o shman-tik�c �nnoiec en�c ped�ou tuqa�wn metablht�n: thn �nnoia thc stasim�thtac (stationarity)kai thc ergodik�thtac (ergodicity) [8], [5], [4]. H �nnoia thc stasim�thtac anaf�retaisth stajer�thta twn statistik�n posot�twn tou ped�ou anexart�twc thc ap�stashc ap� toshme�o upologismo�. To g�ino ped�o bar�thtac mpore� na qarakthriste� ad�nama st�simo(weakly stationary), �tan h m�sh tim� (�rst statistical moment) thc bar�thtac param�nei sta-jer�, anexart�twc tou shme�o upologismo� kai h metablht�thta (second statistical moment)an�mesa se d�o shme�a �xart�tai m�no ap� th metax� touc ap�stash. Sthn per�ptwsh pou kaioi up�loipec statistik�c stigm�c (statistical moments) e�nai anex�rthtec ap� to shme�o touq�rou pou upolog�zontai, t�te g�netai l�goc gia isqur�c morf�c stasim�thta (stronglystationarity) [20]. H �nnoia thc stasim�thtac tou ped�ou bar�thtac, an kai odhge� se l�seictwn majhmatik�n problhm�twn pou sqet�zontai me thn pros�ggish tou ped�ou bar�thtac, denpa�ei na apotele� mia paradoq�. Parodoq�, h opo�a e�nai anagka�a gia thn ant�met�pishtwn s�gqronwn gewdaitik�n problhm�twn se sunduasm� me thn �nnoia thc ergodik�thtac.Sthn per�ptwsh pou �na ped�o st�simwn tuqa�wn metablht�n mpore� na qarakthriste� ap�m�a monadik� deigmatik� tou sun�rthsh, t�te to ped�o onom�zetai ergodik� [16], [42]. H�nnoia thc ergodik�thtac pro�poj�tei thn �nnoia thc stasim�thtac, �stw kai sthn ad�namhmorf� thc. Ta stoqastik� ped�a pou �qoun thn idi�thta thc ergodik�thtac apotelo�n miashmantik� kathgor�a ped�wn, afo� oi idi�tht�c touc mpore� na prosdioristo�n ap� m�a kaim�no deigmatik� sun�rthsh [16]. Sthn pragmatik�thta ta stoqastik� dedom�na pou anapa-risto�n �na st�simo fusik� fain�meno e�nai wc ep� to ple�ston kai ergodik�. H an�lush touped�ou bar�thtac m�sw kajar� nteterministik�n param�trwn apotele� mia arket� pol�plokhdiadikas�a l�gw thc duskol�ac sth morf� twn majhmatik�n sq�sewn pou prok�ptoun. Hs�gqronh antimet�pish tou ped�ou bar�thtac wc fusiko� sust�matoc shm�twn odhge� sthnep�lush poll�n problhm�twn sthn epist�mh thc fusik�c gewdais�ac. Ap� th stigm� poueis�gontai oi stoqastik�c par�metroi tou ped�ou, to d�ptuqo twn ennoi�n thc stasim�thtackai thc ergodik�thtac odhge� sthn oloklhrwm�nh jewrhtik� tekmhr�wsh tou j�matoc.6.3.1 Basik�c idi�thtec perigraf�c stoqastik�n dedom�nwnOi basik�c statistik�c idi�thtec gia thn perigraf� miac seir�c st�simwn stoqastik�n me-tablht�n e�nai [5]:1. M�sh tim� kai m�sh tetragwnik� tim� (mean and mean square value).2. Sunart�seic pukn�thtac pijan�thtac (probability density functions).3. Sunart�seic auto-susq�tishc (autocorrelation functions).4. Sunart�seic pukn�thtac f�smatoc (autospectral density functions).H m�sh tim� �x kai h metablht�thta �2x miac st�simhc metablht�c antiproswpe�oun, �pwce�nai gnwst�, thn kentrik� t�sh kai th diaspor�, ant�stoiqa, twn dedom�nwn. H m�sh te-tragwnik� tim�  2x, h opo�a iso�tai me to �jroisma thc metablht�thtac kai tou tetrag�nouthc m�shc tim�c, apotele� �na m�tro sunduasmo� thc kentrik�c t�shc kai thc diaspor�c. Hsun�rthsh pukn�thtac pijan�thtac p(x) gia �na s�nolo st�simwn metablht�n anaparist� torujm� metabol�c thc pijan�thtac se sq�sh me thn ek�stote tim� twn dedom�nwn [41]. E�naignwst� ak�mh, �ti to sunolik� embad�n thc sun�rthshc pukn�thtac thc pijan�thtac e�naimonadia�o, afo� apl�c anaf�retai sth bebai�thta tou gegon�toc �ti ta dedom�na br�skontaisto di�sthma �1 �wc +1 [41], [20].



162 JEWRIA SUSTHMATWN'Ewc ed�, �qoun perigrafe� ta statistik� meg�jh anex�rthta ap� qronik�c param�trouc.Pr�pei na toniste� sto shme�o aut� �ti h anafor� sth qronik� par�metro den antiproswpe�eithn per�ptwsh tou g�inou ped�ou bar�thtac, �pou h par�metroc aut� antikaj�statai ap�thn qwrik�. H sun�rthsh auto-susq�tishc tou ped�ou bar�thtac parist� �na m�tro twnexart�menwn ap� thn ap�stash idiot�twn twn dedom�nwn. Ep�shc, h sun�rthsh pukn�thtacf�smatoc anaparist� to rujm� thc allag�c thc m�shc tetragwnik�c tim�c se sq�sh meth metabol� thc suqn�thtac. To sunolik� embad�n thc sun�rthshc pukn�thtac f�smatociso�tai me thn m�sh tetragwnik� tim� tou de�gmatoc.Sth sun�qeia ja anaferjo�n orism�nec sunart�seic, m�sw twn opo�wn perigr�fontai oist�simec tuqa�ec metablht�c [41], [20], [5]:1. Sunduasm�nec sunart�seic pukn�thtac thc pijan�thtac (joint probability density fu-nctions)2. Sunart�seic dia-susq�tishc (cross-correlation functions)3. Dia-fasmatik�c sunart�seic pukn�thtac (cross-spectral density functions)4. Sunart�seic ap�krishc suqn�thtac (frequency response functions)5. Sunart�seic suntonismo� (coherence functions)M�sw (a) twn dia-fasmatik�n sunart�sewn pukn�thtac metablht�n kai (b) twn antisto�qwnapl�n sunart�sewn pukn�thtac f�smatoc, e�nai dunat� na upologisto�n grammik�c su-nart�seic ap�krishc suqn�thtac, �pwc ep�shc kai oi par�metroi metafor�c ap� th m�a meta-blht� sthn �llh. Me aut�n ton tr�po eis�getai ousiastik� h jewr�a twn susthm�twn.6.3.2 Sun�jeic sunart�seic suntonismo�'Opwc �dh proanaf�rjhke, h sun�rthsh suntonismo� 
2xy(u; v) apotele� �na m�tro thc akr�-beiac thc grammik�thtac pou upot�jetai �ti isq�ei gia ta mont�la eis�dou-ex�dou. Sto apl�s�sthma tou sq�matoc 6.1 y e�nai to s�ma eis�dou kai x to s�ma ex�dou. Sthn per�ptwshH(u; v)- -y(m;n) x(m;n)Sq�ma 6.1: Ideat� s�sthma apl�c eis�dou-ex�dou.ideat�n grammik�n susthm�twn h sun�jhc sun�rthsh suntonismo� antiproswpe�ei, gia k�jesuqn�thta, to klasmatik� m�roc thc m�shc tetragwnik�c tim� tou x pou pro�rqetai ap� to y[29]. H sun�rthsh suntonismo� metax� tou s�matoc eis�dou y(m;n) kai tou s�matoc ex�doux(m;n) e�nai mia pragmatik� sun�rthsh pou d�netai ap� th sq�sh [21], [4], [5]:
2xy(u; v) = jPxy(u; v)j2Pxx(u; v)Pyy(u; v) ; (6.17)�pou Pxy h sun�rthsh pukn�thtac f�smatoc an�mesa sto s�ma eis�dou kai to s�ma ex�dou,Pyy h sun�rthsh pukn�thtac f�smatoc tou s�matoc sthn e�sodo kai Pxx h sun�rthshpukn�thtac f�smatoc tou s�matoc sthn �xodo. Isq�ei h anis�thta 0 � 
2xy(u; v) � 1.H sq�sh (6.17) isq�ei me tic pro�poj�seic (a) Pxx kai Pyy 6= 0 kai (b) oi metr�seic �qounmhdenik� m�sh tim�. 'Otan ta dedom�na �qoun m�sh tim� di�forh tou mhden�c, h m�sh tim�pr�pei na afaireje� ap� k�je m�trhsh [5], [7].



KEFALAIO 6 1636.3.3 Pollapl�c sunart�seic suntonismo�Sthn per�ptwsh �parxhc perissot�rwn tou en�c shm�twn, apaite�tai o b�ltistoc sunduasm�ctwn shm�twn eis�dou gia ton prosdiorism� tou s�matoc (� twn shm�twn) ex�dou. Apara�th-th e�nai, loip�n, h gen�keush twn sunart�sewn suntonismo� me thn eisagwg� twn pollapl�nsunart�sewn, oi opo�ec perigr�foun th sq�sh metax� twn shm�twn eis�dou kai tou apo-tel�smatoc tou sunduasmo� sthn �xodo. 'Estw h genik� per�ptwsh, p.q., d�o shm�twneis�dou kai en�c s�matoc ex�dou, �pou ta dedom�na eis�dou e�nai pos�thtec susqetism�necmetax� touc kai h sun�jhc sun�rthsh suntonismo� 
212 metax� twn shm�twn 1 kai 2 lamb�neiopoiad�pote jetik� tim� mikr�terh thc mon�dac. Oi sun�jeic sunart�seic suntonismo� me-tax� kajen�c ap� ta s�mata eis�dou kai tou s�matoc ex�dou ja e�nai [5]:
2x1 = jPx1j2P11Pxx
2x2 = jPx2j2P22Pxx : (6.18)H pollapl� sun�rthsh suntonismo� (multiple coherence function) e�nai o l�goc touideato� f�smatoc ex�dou pou ofe�letai se metr�seic sthn e�sodo d�qwc thn �parxh jor�bouproc to sunolik� f�sma ex�dou sthn �xodo, to opo�o kai perilamb�nei to j�rubo [5]. Hpollapl� sun�rthsh suntonismo� d�netai ap� th sq�sh:
2x:y = PvvPxx = 1� PeePxx ; (6.19)�pou Pvv = Pxx � Pee (6.20)to f�sma sthn �xodo pou ofe�letai se metr�seic eis�dou apallagm�nec ap� j�rubo. Isq�eiep�shc 0 � 
2x:y � 1. H monadia�a tim� thc sun�rthshc lamb�netai �tan Pee = 0, gegon�cpou epibebai�nei thn �parxh en�c t�leiou grammiko� sust�matoc kai h mhdenik� tim� thcsun�rthshc prok�ptei �tan Pxx = Pee, dhlad� sthn per�ptwsh pou kan�na ap� ta s�mataex�dou den prok�ptei ap� grammik�c diadikas�ec stic metr�seic eis�dou.Sthn per�ptwsh sust�matoc apl�c eis�dou � apl�c ex�dou, to f�sma tou s�matoc sthn�xodo d�netai ap� th sq�sh: Pvv = jH j2Pyy = 
2xyPxx: (6.21)Ap� thn (6.21) prok�ptei: 
2x:y = PvvPxx = 
2xy (6.22)kai epom�nwc, gia thn per�ptwsh aplo� sust�matoc, h pollapl� sun�rthsh suntonismo�e�nai h �dia me th sun�jh sun�rthsh suntonismo� [4].6.3.4 Up� sunj�kh sunart�seic pukn�thtac f�smatocIdia�tero endiaf�ron parousi�zei h per�ptwsh, kat� thn opo�a ta dedom�na eis�dou �qounk�poia morf� susq�tishc. To gegon�c aut� e�nai kai to pl�on s�nhjec sthn per�ptwsh twnmetr�sewn twn sunistws�n tou ped�ou bar�thtac, afo� oi metro�menec pos�thtec exart�ntai�mesa ap� to diataraktik� dunamik� tou ped�ou. H shmas�a, loip�n, thc an�lushc susqe-tism�nwn shm�twn eis�dou e�nai meg�lh. Mia arqik� anafor� gia thn efarmog� twn al-gor�jmwn susq�tishc twn metr�sewn eis�dou parousi�zetai ap� ton Sideris [29]. H an�lushakolouje� tic basik�c arq�c tou bibl�ou twn Bendat and Piersol [5].'Otan parousi�zetai susq�tish metax� twn shm�twn eis�dou, apara�thth e�nai h ka-tan�hsh thc morf�c thc susq�tishc twn metr�sewn. Sthn per�ptwsh tou sust�matoc twnd�o shm�twn eis�dou ta y1 kai y2 jewro�ntai ele�jera jor�bou. Ef�son ta y1 kai y2 e�nai



164 JEWRIA SUSTHMATWNmerik�c susqetism�na metax� touc, t�te m�roc tou y2 ja ofe�letai sthn suneisfor� tou y1.Ta b�ltista grammik� apotel�smata tou y1 ep� tou y2 ja sumbol�zontai wc y2:1. Afair�ntacthn pos�thta aut� ap� thn arqik� m�trhsh y2 odhgo�maste sto {upoloip�meno} (residual)s�ma y2�1, pou anaparist� to m�roc thc y2, to opo�o den ofe�letai sthn y1. Se morf�ex�swshc h y2 mpore� na analuje� se d�o asusq�tistec sunist�secy2 = y2:1 + y2�1 (6.23)Met� thn efarmog� tou metasqhmatismo� Fourier odhgo�maste sth sq�sh fasmatik�c mor-f�c: Y2 = Y2:1 + Y2�1; (6.24)�pou Y2:1 = L21Y1: (6.25)Oi parap�nw sq�seic prosdior�zoun th b�ltisth grammik� pr�gnwsh tou Y2 ap� to Y1. Togrammik� s�sthma stajer�n param�trwn L21 pou emfan�zetai stic exis�seic, apotele� tob�ltisto s�sthma gia ton prosdiorism� tou y2 ap� to y1 kai or�zetai, �pwc ja apodeiqje�sth sun�qeia, wc ex�c [5]: L21 = P21P11 : (6.26)'Opwc anaf�rjhke, to y2�1 e�nai asusq�tisto me to y1. Ep�shc to f�sma tou y2 anal�etaise P22 = P22:1 + P22�1; (6.27)�pou P22:1 = jL21j2P11 = ���P21P11 ���2P11 = 
221P22 (6.28)P22�1 = [1� 
221]P22: (6.29)Sthn per�ptwsh thc epist�mhc twn hlektronik�n shm�twn, h phg� twn shm�twn eis�doue�nai sun�jwc gnwst� kai epom�nwc oi sq�seic susq�tishc metax� twn shm�twn aut�n e�naiprofane�c [21], [7]. 'Otan aut� h sq�sh ait�ou-aitiato� metax� twn shm�twn eis�dou pa�ei naup�rqei, upolog�zetai h sun�rthsh dia-susq�tishc metax� twn dedom�nwn kai prosdior�zetaih morf� susq�tis�c touc an�loga me th qronik� emf�nis� touc sthn e�sodo [5].Sthn per�ptwsh thc fusik�c gewdais�ac t�toiec sq�seic e�nai d�skolo na efarmosto�n. Hphg� twn shm�twn e�nai, �pwc �qei anaferje�, to diataraktik� dunamik� tou ped�ou bar�thtac,pos�thta mh metr�simh. H qronik� par�metroc pou anaf�rjhke parap�nw antikaj�statai ap�th qwrik�. Sthn per�ptwsh aut� h kat�taxh twn metr�sewn me th bo�jeia thc sun�rthshcdia-susq�tishc e�nai ad�nath. 'Enac protein�menoc tr�poc [5] e�nai o diaqwrism�c twnshm�twn stic kur�arqec suqn�thtec. Katarq�n, upolog�zetai h sun�jhc sun�rthsh suntoni-smo� metax� kajen�c ap� ta s�mata eis�dou kai ex�dou. Se k�je sugkekrim�nh suqn�thta oimetr�seic eis�dou katan�montai kat� fj�nousa seir� meg�jouc thc sun�rthshc suntonismo�.Periss�tera gia thn m�jodo aut� parousi�zontai ap� touc Bendat and Piersol [5]. Pr�peiep�shc na anaferje� �ti oi sq�seic pou sund�oun kajar� s�mata eis�dou sthn per�ptwsh touped�ou bar�thtac �qoun th morf� majhmatik�n telest�n, p.q., telest�c tou Stokes, �tanpr�keitai gia anwmal�ec bar�thtac kai apoq�c tou geweido�c.Ja doje� sth sun�qeia �na par�deigma tou sust�matoc dipl�c eis�dou � apl�c ex�dou.S�mfwna me to sq�ma 6.2, ta d�o s�mata y1 kai y2 e�nai susqetism�nec pos�thtec kaita s�mata ex�dou x1 kai x2 e�nai ep�shc susqetism�na. To parap�nw s�sthma mpore� naanaluje� se d�o isod�namec katast�seic.
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H1H2-- -nqqPPPPPq�����1 +6y2y1 xeSq�ma 6.2: S�sthma d�o shm�twn eis�dou kai en�c ex�dou.
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Sq�ma 6.3: S�sthma isod�namo me to sq�ma 6.2.
Lx1Lx2-- -nqqPPPPPq�����1 +6y2�1y1 xev2v1Sq�ma 6.4: S�sthma isod�namo me to sq�ma 6.3.



166 JEWRIA SUSTHMATWNSto sq�ma 6.3 ta s�mata eis�dou y1 kai y2�1 e�nai asusq�tista metax� touc, �pwc ep�shckai ta s�mata ex�dou x1 kai x2. H telik� morf� tou sust�matoc me thn efarmog� upo-loip�menewn sunart�sewn metafor�c (Lx1 kai Lx2) parousi�zetai sto sq�ma 6.4. Ta s�mataeis�dou e�nai asusq�tista metax� touc kai to �dio isq�ei gia ta s�mata ex�dou. Isq�ei hsq�sh: X = Lx1Y1 + Lx2Y2�1 +E; (6.30)�pou Lx1 = Px1P11Lx2 = Px2�1P22�1 : (6.31)H pos�thta Px2�1 onom�zetai up� sunj�kh sun�rthsh pukn�thtac dia-f�smatoc (con-ditioned (residual) cross-spectral density function) kai e�nai h sun�rthsh pukn�thtac metax�twn fasm�twn twn y2�1 kai x. H P22�1 onom�zetai up� sunj�kh sun�rthsh pukn�thtacauto-f�smatoc (conditioned (residual) auto-spectral density function) kai e�nai h sun�r-thsh pukn�thtac tou f�smatoc tou y2�1. Kai oi d�o upolog�zontai s�mfwna me ta �saanaf�rjhkan se prohgo�menec paragr�fouc.6.3.5 Sunart�seic meriko� suntonismo�Ap� th mel�th tou sq�matoc 6.4 kai l�gw thc mh �parxhc susqet�sewn metax� twn shm�twnex�dou kai tou jor�bou, to f�sma Pxx ja iso�tai me to �jroisma twn fasm�twnPxx = Pv1v1 + Pv2v2 + Pee; (6.32)�pou Pv1v1 = jLx1j2P11 (6.33)Pv2v2 = jLx2j2P22�1 (6.34)Pee = Pxx�1;2: (6.35)Wc Pxx�1;2 sumbol�zetai to posost� tou f�smatoc tou x pou den ofe�letai o�te sto y1, o�testo y2. S�mfwna me thn (6.31), h (6.34) metatr�petai sePv2v2 = ���Px2�1P22�1 ���2P22�1 = 
2x2�1Pxx�1; (6.36)�pou 
2x2�1 = jPx2�1j2P22�1Pxx�1 (6.37)e�nai h ex orismo� sun�rthsh meriko� suntonismo� (partial coherence function) an�mesasta upoloip�mena s�mata y2�1 kai xx�1. S�mfwna me ta parap�nw:1. Ta arqik� s�mata y1 kai x �qoun antikatastaje� ap� ta upoloip�mena y2�1 kai xx�1.2. Oi arqik�c fasmatik�c pos�thtec P11, Pxx kai Px1 �qoun antikatastaje� ap� ticant�stoiqec upoloip�menec P22�1, Pxx�1 kai Px2�1.3. H sun�jhc sun�rthsh suntonismo� 
2x1 �qei antikatastaje� ap� th merik� sun�rthshsuntonismo� 
2x2�1.Ap� ta parap�nw g�netai faner� �ti oi merik�c sunart�seic suntonismo� �qoun akrib�cton �dio qarakt�ra me tic sun�jeic sunart�seic suntonismo�, me th diafor� �ti oi ar-qik�c pos�thtec antikaj�stantai ap� tic upoloip�menec. To pleon�kthma thc an�lushc se



KEFALAIO 6 167upoloip�menec sunist�sec sqet�zetai me thn aplopo�hsh twn pollapl�n susthm�twn sesust�mata apl�c eis�dou � ex�dou [29]. H aplopo�hsh aut� epitugq�netai, �pwc apode�qthkeprohgoum�nwc, me thn apaloif� twn susqet�sewn metax� twn metr�sewn eis�dou. H anu-parx�a susqet�sewn, t�so sthn e�sodo, �so kai sthn endi�mesh �xodo, odhge� sthn isodu-nam�a twn pol�plokwn susthm�twn me pollapl� apl� sust�mata, h l�sh twn opo�wn e�naiefikt� m�sa ap� sun�jeic majhmatik�c diergas�ec. Ap� thn �llh, eidik�tera gia ta gewdai-tik� dedom�na, protim�terh e�nai h efarmog� susthm�twn susqetism�nwn shm�twn eis�dou,giat� oi susqet�seic twn shm�twn e�nai meg�lec [16] kai h aplopo�hsh twn susthm�twn mpore�na odhg�sei se apotel�smata mikr�terhc akr�beiac. Aut� mpore� na prok�youn, e�te ap� thnanepituq� e�resh thc akribo�c susq�tishc metax� twn dedom�nwn eis�dou, e�te l�gw thc anu-parx�ac analutik�n sq�sewn pou sund�oun ta dedom�na eis�dou. Gia touc l�gouc auto�c, kaiexait�ac tou gegon�toc �ti ta s�gqrona upologistik� m�sa par�qoun dunat�thtec diaqe�rishckai epexergas�ac meg�lou pl�jouc dedom�nwn, h genikeum�nh morf� jewre�tai pio swst� sthnper�ptwsh tou g�inou ped�ou bar�thtac. Sthn ep�menh par�grafo anal�etai h genikeum�nhmorf� twn pollapl�n susthm�twn eis�dou kai parousi�zetai h aplopoihm�nh diadikas�a,pou sthr�zetai sth jewr�a twn upoloip�menwn shm�twn.6.4 Jewr�a susthm�twn eis�dou � ex�douOi sq�seic eis�dou � ex�dou mporo�n na taxinomhjo�n kai na melethjo�n s�mfwna me k�poioap� ta mont�la:� Mont�lo aplo� s�matoc eis�dou � aplo� s�matoc ex�dou.� Mont�lo aplo� s�matoc eis�dou � pollaplo� s�matoc ex�dou.� Mont�lo pollaplo� s�matoc eis�dou � aplo� s�matoc ex�dou.� Mont�lo pollaplo� s�matoc eis�dou � pollaplo� s�matoc ex�dou.6.4.1 Mont�lo aplo� s�matoc eis�dou � ex�dou'Ena mont�lo aplo� s�matoc eis�dou � ex�dou fa�netai sto sq�ma 6.5. Oi sun�jeic paradoq�cH(u; v)- -y(m;n) x(m;n)Sq�ma 6.5: Ideat� s�sthma apl�c eis�dou � ex�dou.pou g�nontai gia thn isq� tou sust�matoc, �pwc anaf�rjhkan kai prohgoum�nwc, e�nai hstasim�thta twn metr�sewn, h �parxh mhdenik�c m�shc tim�c kai h je�rhsh tou sust�matocwc en�c grammiko� sust�matoc stajer�n param�trwn. S�mfwna me tic paradoq�c aut�c,h �xodoc tou sust�matoc tou sq�matoc 6.5 x(m;n) d�netai ap� to parak�tw suneliktik�olokl�rwma: x(m;n) = Z 10 Z 10 h(k; l)y(m� k; n� l)dkdl: (6.38)Sthn per�ptwsh en�c ideato� grammiko� sust�matoc stajer�n param�trwn, antikajist�ntacsthn ex�swsh (6.17) tic (6.43) kai (6.44), prok�ptei
2xy(u; v) = jH(u; v)j2P 2yy(u; v)Pyy(u; v)jH(u; v)j2Pyy(u; v) = 1: (6.39)



168 JEWRIA SUSTHMATWNSthn per�ptwsh, loip�n, en�c ideato� grammiko� sust�matoc stajer�n param�trwn me mo-nadik� orism�no s�ma eis�dou kai ex�dou, h sun�rthsh suntonismo� ja e�nai monadia�a.Dhlad�, to s�ma ex�dou pro�rqetai ex olokl�rou ap� th suneisfor� tou s�matoc eis�dou.An ta s�mata eis�dou kai ex�dou e�nai pl�rwc asusq�tista, t�te h sun�rthsh suntonismo�ja iso�tai me mhd�n. Sthn endi�mesh per�ptwsh, pou h sun�rthsh suntonismo� lamb�neitim�c metax� mhden�c kai mon�dac, t�te aut� ofe�letai se �na ap� ta parak�tw a�tia [5],[29]:1. Oi metr�seic peri�qoun ekt�c ap� kajar� s�ma kai posost� exwteriko� jor�bou.2. To s�sthma den e�nai grammik�.3. To s�ma ex�dou pro�rqetai ap� th suneisfor� perissot�rwn tou en�c shm�twn eis�dou.Sthn per�ptwsh grammik�n susthm�twn h sun�rthsh suntonismo� mpore� na ermhneuje� wcto klasmatik� m�roc thc m�shc tetragwnik�c tim�c tou s�matoc ex�dou, pou pro�rqetai ap�to s�ma eis�dou, stic suqn�thtec u kai v.'Opwc e�nai gnwst�, o euj�c metasqhmatism�c Fourier twn sunart�sewn susq�tishc pouanal�jhkan parap�nw, odhge� stic sunart�seic pukn�thtac f�smatoc [10], [28]:Pxx(u; v) = jH(u; v)j2Pyy(u; v) (6.40)Pxy(u; v) = H(u; v)Pyy(u; v): (6.41)H ex�swsh (6.40) prosdior�zei th sun�rthsh pukn�thtac auto-f�smatoc en�c s�matoc ex�doux, �tan e�nai gnwst� h sun�rthsh pukn�thtac auto-f�smatoc tou s�matoc eis�dou y. Ep�shc,h sq�sh (6.41) prosdior�zei th dia-fasmatik� sun�rthsh pukn�thtac metax� tou s�matoceis�dou kai ex�dou ap� th sun�rthsh pukn�thtac auto-f�smatoc tou s�matoc eis�dou.'Opwc e�nai gnwst�, h sun�rthsh pukn�thtac f�smatoc e�nai o metasqhmatism�c Fourierthc sun�rthshc susq�tishc twn dedom�nwn kai mia m�jodoc prosdiorismo� thc sqet�zetaime thn apeuje�ac efarmog� tou metasqhmatismo� stic sunart�seic susq�tishc [6], [10]. Hm�jodoc aut� onom�sthke ([15], [5], [13]) �mmesh m�jodoc prosdiorismo� (indirect method- correlogram) thc sun�rthshc pukn�thtac f�smatoc, giat� oi teleuta�ec den upolog�zontai�mesa ap� ta dedom�na (s�mata), all� prosdior�zontai se de�tero st�dio ap� tic sunart�seicauto- kai dia-susq�tishc twn metr�sewn.Mia enallaktik� m�jodoc gia thn exagwg� twn exis�sewn (6.40) kai (6.41) parousi�zetaisth sun�qeia. Qrhsimopoi�ntac euje�c metasqhmatismo�c Fourier sta dedom�na, qwr�c tonupologism� twn arqik�n sunart�sewn susq�tishc, epitugq�netai o apeuje�ac upologism�ctwn sunart�sewn pukn�thtac f�smatoc. Gia k�je zeug�ri diakrit�n shm�twn h ex�swsh(6.38) isoduname� me X(u; v) = H(u; v)Y (u; v); (6.42)�pou Y (u; v) kai X(u; v) e�nai oi diakrito� metasqhmatismo� Fourier (f�smata) twn shm�twneis�dou y(u; v) kai ex�dou x(u; v). Ap� tic idi�thtec twn metasqhmatism�n isq�oun [6], [27]:X�(u; v) = H�(u; v)Y �(u; v)jX(u; v)j2 = jH(u; v)j2jY (u; v)j2:X(u; v)Y �(u; v) = H(u; v)jY (u; v)j2Lamb�nontac thn prosdok�a twn d�o teleuta�wn sq�sewn, pollaplasi�zontac me 1=(TmTn),�pou Tm; Tn ta m�kh tou ped�ou (record length) kat� m kai n ant�stoiqa, kai aux�nontacta Tm; Tn qwr�c �rio odhgo�maste stic sq�seic thc euje�ac pros�ggishc (direct method -periodogram) [5], [13], [15]. Pxx(u; v) = jH(u; v)j2Pyy(u; v) (6.43)



KEFALAIO 6 169Pxy(u; v) = H(u; v)Pyy(u; v): (6.44)H apeuje�ac pros�ggish jewre�tai akrib�sterh ap� thn �mmesh pros�ggish, �pwc anaf�rjhkekai sto kef�laio 2.O suzug�c migadik�c thc ex�swshc (6.44) d�netai ap� th sq�sh:P �xy(u; v) = Pyx(u; v) = H�(u; v)Pyy(u; v); (6.45)�pou, Pyx(u; v) = jPxy(u; v)jej�xy(u;v) (6.46)H�(u; v) = jH(u; v)jej�(u;v): (6.47)Epom�nwc, gia ton prosdiorism� tou par�gonta f�shc tou sust�matoc mpore� na qrhsimo-poihje� h sq�sh: Pxy(u; v)Pyx(u; v) = H(u; v)H�(u; v) = e�j2�(u;v) (6.48)To zhto�meno �mwc se probl�mata pou sqet�zontai me th fusik� gewdais�a e�nai h e�resh thcsunolik�c sun�rthshc ap�krishc suqn�thtac H(u; v), h opo�a apotele� to sundetik� kr�kometax� en�c s�matoc eis�dou (p.q., metr�seic anwmali�n thc bar�thtac �g) kai tou s�matocex�dou (p.q., progn�seic twn apoq�n tou geweido�c N). Ap� to sunduasm� twn (6.43) kai(6.45) prok�ptei telik� [5], [10], [28]:Pxx(u; v) = H(u; v)[H�(u; v)Pyy(u; v)] = H(u; v)Pyx(u; v) (6.49)'Etsi, sthn per�ptwsh en�c ideato� mont�lou aplo� sust�matoc eis�dou � ex�dou, h sun�r-thsh ap�krishc suqn�thtac mpore� na prosdioriste� s�mfwna me thn ex�swshH(u; v) = Pxy(u; v)Pyy(u; v) ; (6.50)� isod�nama me th sq�sh H(u; v) = Pxx(u; v)Pyx(u; v) : (6.51)S�mfwna me ta parap�nw isq�ei h analog�aPxy(u; v)Pxx(u; v) = Pyy(u; v)Pyx(u; v) ; (6.52)h opo�a kai isoduname� me th jemeli�dh ex�swsh:jPxy(u; v)j2 = Pyy(u; v)Pxx(u; v): (6.53)'Osa anaf�rjhkan prohgoum�nwc isq�oun sthn per�ptwsh en�c ideato� grammiko� su-st�matoc, qwr�c thn �parxh jor�bou sta s�mata eis�dou � ex�dou. Sthn per�ptwsh touprosdiorismo� twn sunistws�n tou ped�ou bar�thtac ta parap�nw mont�la �qoun kajar�jewrhtik� qroi�, afo� h �parxh exwteriko� jor�bou e�nai profan�c. Gia thn per�ptwsh �mwcthc apl�c je�rhshc en�c ideato� sust�matoc metax� d�o sunistws�n tou ped�ou bar�thtac,p.q., twn anwmali�n bar�thtac wc s�matoc eis�dou kai thc meshmbrin�c sunist�sac thcap�klishc thc katakor�fou wc s�matoc ex�dou, qwr�c thn �parxh jor�bou kai mh grammik�nparembol�n metax� shm�twn eis�dou � ex�dou, �lec oi parap�nw exis�seic isq�oun kaiodhgo�n sto b�ltisto prosdiorism� twn sunart�sewn s�ndeshc H(u; v). Oi sunart�seics�ndeshc sthn per�ptwsh shm�twn qwr�c thn parous�a jor�bou antistoiqo�n stic analutik�cekfr�seic s�ndeshc metax� twn shm�twn, �pwc perigr�fontai sth jewr�a tou kefala�ou 2.Eidik�tera, sthn per�ptwsh tou parade�gmatoc pou proanaf�rjhke, oi sq�seic s�ndeshc twnanwmali�n bar�thtac me ta s�mata ex�dou twn meshmbrin�n apokl�sewn e�nai oi sq�seic touVening-Meinesz [42]. Sth sun�qeia anaf�rontai pio s�njetec peript�seic me thn eisagwg�thc �nnoiac tou exwteriko� jor�bou.



170 JEWRIA SUSTHMATWN6.4.2 Mont�lo apl�c eis�dou � ex�dou me j�rubo'Estw �ti sta grammik� sust�mata pou �qoun perigrafe� up�rqei exwterik�c j�ruboc. Hper�ptwsh aut� prosegg�zei periss�tero tic efarmog�c thc fusik�c gewdais�ac, �pou wcs�mata jewro�ntai oi metr�seic twn sunistws�n tou ped�ou bar�thtac, pou emperi�qounsf�lmata. 'Estw ta pragmatik� metro�mena s�mata e�nai ta yo(k; l) kai xo(k; l), ta tuqa�asf�lmata twn metr�sewn e�nai m(k; l) kai e(k; l) ta sf�lmata thc pr�gnwshc ant�stoiqa.'Ena s�sthma aut�c thc morf�c parousi�zetai sto sq�ma 6.6. To s�sthma 6.6 mpore� naHo(u; v)- -- -n nq q+ +6 6y(k; l) x(k; l)m(k; l) e(k; l)yo(k; l) xo(k; l)Sq�ma 6.6: S�sthma apl�c eis�dou � ex�dou me j�rubo.perigrafe� ap� th suneliktik� morf�:x = (y +m) � ho + e; (6.54)kai ap� thn opo�a ex�gontai kai oi sq�seic:yo(k; l) = y(k; l) +m(k; l)x(k; l) = xo(k; l) + e(k; l) (6.55)Sth genik�terh per�ptwsh, �pou s�ma kai j�ruboc jewro�ntai susqetism�nec pos�thtec,oi sunart�seic pukn�thtac auto- kai dia-f�smatoc twn y(k; l) kai x(k; l) d�nontai ap� ticsq�seic: Pyoyo(u; v) = Pyy(u; v) + Pmm(u; v) + Pym(u; v) + Pmy(u; v)Pxx(u; v) = Pxoxo(u; v) + Pee(u; v) + Pxoe(u; v) + Pexo(u; v) (6.56)Pxyo(u; v) = Pxy(u; v) + Pxm(u; v):An�loga me to bajm� susq�tishc metax� shm�twn kai jor�bwn, oi genik�terec sq�seic(6.56) mporo�n na diakrijo�n se treic epim�rouc kathgor�ec.1. Mh �parxh jor�bou sto s�ma eis�dou kai mh �parxh susq�tishc metax� jor�bou kais�matoc ex�dou.2. Mh �parxh jor�bou sto s�ma ex�dou kai mh �parxh susq�tishc metax� jor�bou kais�matoc eis�dou.3. 'Uparxh jor�bou sta s�mata eis�dou � ex�dou kai mh �parxh susqet�sewn metax�s�matoc kai jor�bou sthn e�sodo.H per�ptwsh pou endiaf�rei e�nai profan�c h tr�th, afo� h f�sh twn metr�sewn sth fusik�gewdais�a, kai sth gewdais�a genik�tera, �qei th morf� shm�twn kai ta tuqa�a sf�lmatath morf� jor�bou. Isq�oun, loip�n, oi sq�seic (6.55). O j�ruboc sthn e�sodo jewre�taiasusq�tistoc me to s�ma eis�dou, dhlad�, (Pym(u; v) = 0). Oi genik�terec sq�seic (6.56)aplopoio�ntai wc ex�c: Pyoyo(u; v) = Pyy(u; v) + Pmm(u; v)Pxyo(u; v) = Pxy(u; v) = H(u; v)Pyy(u; v)Pxx(u; v) = jH(u; v)j2Pyy(u; v): (6.57)



KEFALAIO 6 171H sun�rthsh s�ndeshc H(u; v) e�nai h sun�rthsh pou sund�ei ta {kajar�} s�mata eis�doukai ex�dou metax� touc. Apotele� to jewrhtik� telest� pou sund�ei ta d�o s�mata, taopo�a den ephre�zontai ap� exwterik� j�rubo. T�toioi telest�c e�nai sthn per�ptwsh toug�inou ped�ou bar�thtac o telest�c tou Stokes, o opo�oc sund�ei anwmal�ec thc bar�thtac meapoq�c tou geweido�c, � o telest�c tou Vening-Meinesz pou sund�ei anwmal�ec thc bar�thtacme apokl�seic thc katakor�fou [42].Eidik�tera, h sun�rthsh ap�krishc suqn�thtac sthn per�ptwsh aplo� mont�lou eis�dou� ex�dou me epipl�on j�rubo d�netai wc ex�c:Ho(u; v) = Pxyo(u; v)Pyoyo(u; v) = Pxy(u; v)Pyy(u; v) + Pmm(u; v) : (6.58)H sun�rthsh ap�krishc suqn�thtacHo(u; v) den mpore� na upologiste� m�no me th gn�sh twnshm�twn, all� apara�thth e�nai kai h gn�sh tou jor�bou twn metr�sewn. To gegon�c aut�apotele� kai to shmantik�tero meion�kthma thc efarmog�c thc jewr�ac twn susthm�twnstic gewepist�mec kai thn wkeanograf�a. Kai aut� giat�, o diaqwrism�c tou s�matocap� to j�rubo e�nai ad�natoc ap� tic metr�seic twn sunistws�n tou ped�ou bar�thtac.'Opwc ja anaptuqje� parak�tw, to pr�blhma aut� antimetwp�zetai en m�rei me thn paradoq�kat�llhlwn mont�lwn pou perigr�foun to j�rubo twn metr�sewn. 'Allec teqnik�c gia todiaqwrism� s�matoc kai jor�bou �qoun melethje� ap� touc Sideris [29], Sideris and Sans�o[25], Sans�o and Sona [26]. Sthn paro�sa ergas�a d�netai mia diaforetik� pr�tash gia toj�ma aut�, pou ekt�jetai se ep�menh en�thta.6.4.3 B�ltistec sunart�seic ap�krishc suqn�thtacOi sunart�seic ap�krishc suqn�thtac apotelo�n m�roc en�c sun�lou grammik�n sunar-t�sewn pou energo�n �mesa sto s�ma eis�dou. Ap� to �peiro s�nolo twn sunart�sewnaut�n, am�sou endiaf�rontoc, �pwc anaf�rjhke kai prohgoum�nwc, e�nai h eidik� sun�rthshHo(u; v), h opo�a elaqistopoie� to j�rubo sto s�ma ex�dou. H elaqistopo�hsh noe�tai methn eisagwg� thc jewr�ac twn elaq�stwn tetrag�nwn [41]. Sthn per�ptwsh susqet�sewnmetax� tou s�matoc kai tou jor�bou ex�dou, �pwc sumba�nei �tan h �xodoc perilamb�neij�rubo twn org�nwn metr�sewn, � th suneisfor� epipl�on shm�twn eis�dou, ta opo�a su-sqet�zontai me to yo(k; l), h lamban�menh b�ltisth sun�rthsh ap�krishc suqn�thtacHo(u; v)den antiproswpe�ei thn �mesh fusik� s�ndesh metax� twn yo(k; l) kai x(k; l). Ep�shc mpore�na uf�stantai mh grammik�c sq�seic metax� twn dedom�nwn eis�dou kai ex�dou. Se k�jeper�ptwsh �mwc, h b�ltisth sun�rthsh Ho(u; v) ja apotele� mia majhmatik� sq�sh, h opo�aor�zei th b�ltisth grammik� sq�sh an�mesa sta yo(k; l) kai x(k; l) s�mfwna me th jewr�atwn elaq�stwn tetrag�nwn.Oi majhmatik�c sq�seic gia ton prosdiorism� thc b�ltisthc sun�rthshc metafor�c �qounth morf�: Xo = HoYoX = Ho(Y +M) +E; (6.59)�pou ta kefala�a s�mbola antiproswpe�oun touc diakrito�c metasqhmatismo�c Fourier twnposot�twn thc (6.55). Gia thn aplo�steush twn sq�sewn sth sun�qeia parale�pontai taor�smata u kai v. Epil�ontac thn (6.59) wc proc ton j�rubo ex�dou E kai to suzug�migadik� tou E� prok�ptei E = X �Ho(Y +M)E� = X� �H�o (Y � +M�): (6.60)Pollaplasi�zontac tic (6.60) prok�ptei h sq�sh:EE� = XX� �H�oXY � �HoXM �HoY X� �HoMX� +HoY Y �H�o+HoYM�H�o +HoMY �H�o +HoMM�H�o : (6.61)



172 JEWRIA SUSTHMATWNAp� thn prohgo�menh ex�swsh prok�ptei h sq�sh pou sund�ei tic sunart�seic pukn�thtacf�smatoc lamb�nontac thn prosdok�a twn ginom�nwn kai pollaplasi�zontac me 1=(TkTl). TaTk; Tl aux�noun m�qri to �peiro. H genik�terh morf� thc sun�rthshc pukn�thtac f�smatoctou jor�bou sthn �xodo d�netai ap� th sq�sh:Pee = Pxx �H�o (Pxy + Pxm)�Ho(Pyx + Pmx)+Ho(Pyy + Pym + Pmy + Pmm)H�o : (6.62)Jewr�ntac to j�rubo kai tic metr�seic asusq�tistec pos�thtec h (6.62) aplopoie�tai wcex�c: Pee = Pxx �H�oPxy �HoPyx +HoPyyH�o +HoPmmH�o : (6.63)Ap� ton orism� thc, h b�ltisth sun�rthsh metafor�c Ho e�nai h sugkekrim�nh sun�rthshm�sa ap� �na �peiro s�nolo sunart�sewn, h opo�a elaqistopoie� thn Pee sthn �xodo. Hekt�mhsh apotele� thn b�ltisth pros�ggish s�mfwna me th jewr�a twn elaq�stwn tetrag�-nwn. H elaqistopo�hsh thc Pee prok�ptei ap� thn an�lush twn �rwn thc (6.63) se pragma-tik�c kai fantastik�c tim�c [4], [5]:Ho = HRo � jHIo H�o = HRo + jHIoPyx = PR � jPI Pxy = PR + jPI :H sun�rthsh pukn�thtac f�smatoc tou jor�bou sthn �xodo mpore� na grafte� se migadik�morf� wc ex�c:Pee = Pxx � (HRo � jHIo)Pyx � (HRo + jHIo)Pxy + (H2Ro +H2Io)(Pyy + Pmm):Gia thn e�resh thc Ho, h opo�a ja elaqistopoie� thn Pee, oi merik�c par�gwgoi thc Peewc proc HRo kai HIo t�jentai �sec me mhd�n kai epil�etai to ze�goc twn exis�sewn pouprok�ptoun @Pee@HRo = �Pyx � Pxy + 2HRo(Pyy + Pmm) = 0 (6.64)@Pee@HIo = jPyx � jPxy + 2HIo(Pyy + Pmm) = 0 (6.65)HRo = Pxy + Pyx2(Pyy + Pmm) = PR(Pyy + Pmm) (6.66)HIo = j(Pxy � Pyx)2(Pyy + Pmm) = � PI(Pyy + Pmm) (6.67)H b�ltisth sun�rthsh Ĥo e�naiĤo = HRo � jHIo = PR + jPI(Pyy + Pmm) = Pxy(Pyy + Pmm) : (6.68)Apodeikn�etai �ti [5] to s�ma ex�dou kai o ant�stoiqoc j�ruboc e�nai asusq�tistec pos�thtec�tan h b�ltisth sun�rthsh Ho qrhsimopoie�tai gia thn ekt�mhsh tou grammiko� sust�matoc.Pr�pei na shmeiwje�, �ti, l�gw thc eidik�c morf�c thc ex�swshc (6.63), �nac diaforetik�ckai aplo�steroc tr�poc gia ton prosdiorism� thc b�ltisthc sun�rthshc Ĥo sun�statai stona teje� e�te h merik� par�gwgoc thc Pee wc proc Ho �sh me to mhd�n (diathr�ntac stajer�thn H�o ), e�te h par�gwgoc wc proc H�o diathr�ntac stajer� thn Ho [5], [29]. Isq�ei:@Pee@Ho = �Pyx + Ĥ�o (Pyy + Pmm) = 0 @Pee@H�o = �Pxy + Ĥo(Pyy + Pmm) = 0Ĥ�o = PyxPyy + Pmm Ĥo = PxyPyy + Pmm (6.69)



KEFALAIO 6 173Met� ton prosdiorism� thc b�ltisthc sun�rthshc s�ndeshc metax� tou s�matoc eis�doukai ex�dou, h ekt�mhsh tou s�matoc ex�dou d�netai ap�:X̂o = ĤoYo: (6.70)To meg�lo pleon�kthma thc efarmog�c thc mej�dou ston prosdiorism� param�trwn touped�ou bar�thtac �gkeitai sth dunat�thta ekt�mhshc thc sun�rthshc pukn�thtac f�smatoctou jor�bou sthn �xodo kai epom�nwc thc plhrofor�ac, h opo�a sqet�zetai me thn akr�beia thcektim�menhc tim�c sthn �xodo. H plhrofor�a gia thn akr�beia thc ekt�mhshc prok�ptei qrh-simopoi�ntac th b�ltisth sun�rthsh s�ndeshc pou upolog�sthke kai th gnwst� sun�rthshH , h opo�a sund�ei jewrhtik� ta s�mata eis�dou kai ex�dou. To sf�lma sthn �xodo d�netaiwc ex�c [1]: Ê = X � X̂o ) ÊÊ� = XX� �XX̂�o � X̂oX� + X̂oX̂�o ) (6.71)Pêê = HxyH�xyPyy �HxyĤ�xoyoPyyo � ĤxoyoH�xyPyoy + ĤxoyoĤ�xoyoPyoyo (6.72)O upologism�c twn Pyoy � Pyyo g�netai jewr�ntac thn paradoq� asusq�tistou s�matoc kaijor�bou sthn e�sodo wc ex�c:Pyoy = (Y +M)Y � = Y Y � +MY � = Pyy: (6.73)Epipl�on, h sun�rthsh pukn�thtac dia-f�smatoc metax� twn shm�twn eis�dou kai ex�douupolog�zetai s�mfwna me:Pxyo = XY �o = X(Y � +M�) = XY � +XM� = HxyY Y � +HxyYM� = Hxy(Pyoyo � Pmm):(6.74)Up� tic anwt�rw pro�poj�seic, oi telik�c sq�seic upologismo� gia thn ekt�mhsh tou s�matocsthn �xodo kai ton upologism� thc sun�rthshc pukn�thtac f�smatoc sthn �xodo d�nontaiap� tic exis�seic [1]:X̂o = Hxy(Pyoyo � Pmm)Pyoyo Yo (6.75)Pêê = HxyPyy(H�xy � Ĥ�xoyo)� ĤxoyoPyoyo(H�xy � Ĥ�xoyo) + ĤxoyoPmmH�xy )(6.76)Pêê = hHxy(Pyoyo � Pmm)� ĤxoyoPyoyoi(H�xy � Ĥ�xoyo) + ĤxoyoPmmH�xy: (6.77)O upologism�c thc Pyoyo e�nai �mesa dunat�c ap� tic parathr�seic akolouj�ntac thn euje�am�jodo upologismo� (periodogram) [15]. 'Opwc fa�netai kai ap� tic teleuta�ec exis�seic, hsun�rthsh pukn�thtac f�smatoc tou jor�bou sthn e�sodo Pmm pr�pei na e�nai gnwst�.Efarmog� aplo� sust�matoc eis�dou � ex�dou sto ped�o bar�thtacSthn en�thta aut�, kai gia thn plhr�sterh katan�hsh thc jewr�ac d�netai �na par�deigma sqe-tik� me to ped�o bar�thtac. 'Estw �ti ta dedom�na (s�mata eis�dou) apotelo�n metr�seicanwmali�n bar�thtac eleuj�rou a�ra, diaj�simec se morf� p�naka. To pr�blhma me ticsunist�sec tou ped�ou bar�thtac, �pwc �dh �qei anaferje�, e�nai o diaqwrism�c tou ka-jaro� s�matoc ap� ton j�rubo. En� e�nai gnwst�c oi metablht�thtec twn metr�sewn, oitim�c tou jor�bou se k�je m�trhsh den e�nai gnwst�c. O diaqwrism�c tou kajaro� s�matocap� to j�rubo epitugq�netai me th qr�sh kat�llhlwn mont�lwn perigraf�c thc sun�rthshcpukn�thtac f�smatoc tou jor�bou � me thn prosomo�wsh tuqa�ou jor�bou.Sto sq�ma 6.7 �go e�nai oi metr�seic twn anwmali�n bar�thtac (parathr�seic), �ge�nai to �gnwsto {kajar�} s�ma, m e�nai o j�ruboc twn �g, No e�nai to s�ma ex�dou, ee�nai o j�ruboc twn shm�twn apoq�n tou geweido�c kai N e�nai oi pragmatik�c apoq�c tougeweido�c. Sthn per�ptwsh aut� oi exis�seic tou sust�matoc ekfr�zontai wc ex�c:N = (�g +m) � ho + e (6.78)



174 JEWRIA SUSTHMATWNHo- -- -n nq q+ +6 6�g Nm e�go NoSq�ma 6.7: S�sthma apl�c eis�dou � ex�dou tou ped�ou bar�thtac.H sun�rthsh ap�krishc suqn�thtac ho apotele� th sun�rthsh s�ndeshc metax� tou s�matoceis�dou (anwmal�ec eleuj�rou a�ra) kai tou s�matoc ex�dou (apoq�c tou geweido�c). Hsun�rthsh aut� �qei thn idi�thta tou filtrar�smatoc twn ephreasm�nwn ap� j�rubo anw-mali�n eis�dou. An ap� to s�ma eis�dou apousi�zei o j�ruboc, t�te h sq�sh pou sund�eita d�o s�mata e�nai o telest�c tou Stokes. H sun�rthsh ho apotele�, loip�n, �na e�doctropopoihm�nhc sun�rthshc tou Stokes (modi�cation of the kernel function) me skop� tofiltr�risma twn anwmali�n eis�dou kai ton periorism� tou jor�bou.H parap�nw sq�sh tropopoie�tai me thn efarmog� diakrit�n metasqhmatism�n Fourierkai katal�gei sthn ant�stoiqh thc (6.59)N = (�G+M)Ho +E: (6.79)Akolouj�ntac tic diadikas�ec tou prohgoum�nou kefala�ou, jewr�ntac dhlad� tic metr�seickai touc jor�bouc pos�thtec asusq�tistec metax� touc, prok�ptei h ak�loujh ex�swsh twnsunart�sewn pukn�thtac f�smatoc:Pee = PNN �H�oPN�g �HoP�gN +HoH�o (P�g�g + Pmm) (6.80)H b�ltisth sun�rthsh metafor�c Ho prosdior�zetai wc ex�c:@Pee@H�o = �PN�g + Ĥo(P�g�g + Pmm) = 0)Ĥo = PN�g(P�g�g + Pmm) = PN�gP�go�go (6.81)H diadikas�a gia thn e�resh thc b�ltisthc sun�rthshc metafor�c �qei wc ex�c:1. E�resh thc sun�rthshc pukn�thtac f�smatoc twn dedom�nwn. Epitugq�netai e�te methn apeuje�ac efarmog� metasqhmatism�n sta dedom�na (euje�a pros�ggish), e�te methn efarmog� metasqhmatism�n stic sunart�seic susq�tishc twn dedom�nwn (�mmeshpros�ggish), e�te, t�loc, me thn efarmog� parametrik�n mont�lwn, �pwc aut� pa-rousi�zontai sto kef�laio 2.2. Prosdior�zetai h sun�rthsh pukn�thtac dia-f�smatoc metax� twn �g kai twn N . Oisunart�seic pukn�thtac f�smatoc prosdior�zontai ap� tic gnwst�c analutik�c sq�seicpou sund�oun ta s�mata eis�dou kai ex�dou (bl. kef. 2):PN�g = PN�go = N�G�= H�G�G� = HP�g�g (6.82)= H(P�go�go � Pmm);�pou H taut�zetai me ton telest� tou Stokes, m�no gia th sugkekrim�nh per�ptwsh(dedom�na qwr�c j�rubo).3. Prosdior�zetai h b�ltisth sun�rthsh ap�krishc suqn�thtac Ĥo ap� thn ex�swsh (6.81).4. Upolog�zontai ta s�mata ex�dou s�mfwna me th (6.79).



KEFALAIO 6 175To s�ma ex�dou twn apoq�n tou geweido�c d�netai ap� thn ex�swsh [1]:N̂o = ĤNo�Go�Go = HN�g(P�go�go � Pmm)P�go�go �Go; (6.83)kai h sun�rthsh pukn�thta f�smatoc tou sf�lmatoc pros�ggishc e�nai:Pêê = hHN�g(P�go�go � Pmm)� ĤNo�goP�go�goi(H�N�g � Ĥ�No�go)+ĤNo�goPmmH�N�g (6.84)6.4.4 Mont�lo pollaplo� s�matoc eis�dou � ex�douTo e�doc twn susthm�twn thc morf�c aut�c parousi�zei meg�lo endiaf�ron stic efarmog�cthc gewdais�ac, thc gewfusik�c, thc wkeanograf�ac kai twn gewepisthm�n, genik�tera.Qrhsimopoi�ntac pl�joc eterogen�n dedom�nwn eis�dou, d�netai h dunat�thta prosdiorismo�(pr�gnwshc) sunistws�n tou ped�ou bar�thtac.Ta sust�mata pou sund�oun ta s�mata eis�dou kai ex�dou jewro�ntai grammik� sust�-mata stajer�n param�trwn.'Estw, loip�n, oi metr�seic q shm�twn eis�dou yio(k; l); i = 1; 2; :::; q, oi opo�ec eis�rqo-ntai m�sa ap� q grammik� sust�mata stajer�n param�trwn, p.q., Hio(u; v); i = 1; 2; :::; q kai�qoun wc apot�lesma to apl� s�ma ex�dou x(k; l). K�je s�ma eis�dou sunode�etai ap� tonant�stoiqo j�rubo mi(k; l); i = 1; 2; :::; q, en� e(k; l) e�nai o j�ruboc sthn �xodo, o opo�oc kaiantiproswpe�ei k�je ap�klish ap� to ideat� mont�lo, l�gw mh metr�simwn posot�twn sthnperioq� eis�dou � �lleiyh grammik�thtac � stasim�thtac sto s�sthma. 'Ena s�sthma aut�cthc morf�c fa�netai sto sq�ma 6.8. Jewr�ntac to s�sthma tou sq�matoc 6.8, apara�thtoH1oH2oH3oHqoqqqqqq
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Sq�ma 6.8: S�sthma pollapl�c eis�dou � ex�dou me j�rubo.e�nai na plhro�ntai t�sseric �roi, �tsi �ste to mont�lo na parousi�zetai epark�c orism�no.1. Kam�a ap� tic sun�jeic sunart�seic suntonismo� metax� opoioud�pote ze�gouc shm�-twn eis�dou den pr�pei na e�nai �sh me th mon�da. An aut� sumba�nei, t�te ta d�os�mata peri�qoun �moia plhrofor�a kai apara�thth e�nai h apaloif� en�c ek twn d�o.2. Kam�a ap� tic sun�jeic sunart�seic suntonismo� metax� opoioud�pote ap� ta s�mataeis�dou kai to s�ma ex�dou den pr�pei na e�nai �sh me th mon�da. An aut� sumba�nei,



176 JEWRIA SUSTHMATWNt�te �la ta up�loipa s�mata eis�dou den suneisf�roun kaj�lou sto s�ma ex�dou kaija pr�pei na apaleifjo�n ap� to s�sthma. To mont�lo sthn aplopoihm�nh morf� touja antimetwp�zetai wc �na s�sthma apl�c eis�dou � ex�dou, �pwc parousi�sthke sthnprohgo�menh en�thta 6.4.2.3. H pollapl� sun�rthsh suntonismo� metax� opoioud�pote s�matoc eis�dou kai twnupolo�pwn shm�twn eis�dou den pr�pei na e�nai monadia�a. An aut� sumba�nei, t�te tosugkekrim�no s�ma eis�dou mpore� na prosdioriste� wc grammik�c sunduasm�c ap� taup�loipa s�mata. To s�ma aut� den par�qei pr�sjeth plhrofor�a gia ton prosdiorism�tou s�matoc ex�dou kai pr�pei na apaleifje� ap� ta dedom�na.4. Gia tic praktik�c efarmog�c, h pollapl� sun�rthsh suntonismo� metax� tou s�matocex�dou kai twn shm�twn eis�dou pr�pei na parousi�zetai uyhl�, gegon�c pou epibe-bai�nei th suneisfor� twn shm�twn eis�dou. Se diaforetik� per�ptwsh ja pr�pei namelethje� e�te h par�leiyh k�poiwn shmantik�n shm�twn eis�dou, e�te na exetasto�n�ntona mh grammik� fain�mena. Oi Bendat and Piersol [5] parousi�zoun mia tim� thcsun�rthshc thc t�xhc tou 0:50. Epishma�noun, �mwc, �ti h tim� aut� den e�nai akrib�c,all� pro�rqetai met� ap� statistik� an�lush, anal�gwc tou fusiko� perib�llontoctwn metr�sewn kai thc diajesim�thtac twn dedom�nwn thc an�lushc.Gia thn orj� efarmog� thc jewr�ac twn susthm�twn apara�thth e�nai h swst� ekt�mhshtwn pragmatik�n tim�n twn sunart�sewn pukn�thtac auto-f�smatoc kai twn migadik�ntim�n twn sunart�sewn pukn�thtac dia-f�smatoc an�mesa se k�je ze�goc dedom�nwn. He�resh twn sunart�sewn aut�n g�netai, �pwc anaf�rjhke kai prohgoum�nwc, me d�o kur�wctr�pouc (euje�a kai �mmesh pros�ggish). 'Enac tr�toc tr�poc me thn efarmog� parame-trik�n mont�lwn parousi�sthke sto kef�laio 2. Gia tic fasmatik�c aut�c pos�thtec, taapotel�smata pou anam�nontai met� thn efarmog� thc jewr�ac susthm�twn e�nai:� An�lush tou f�smatoc ex�dou stic sunist�sec eke�nec pou pro�rqontai ap� ta s�mataeis�dou. O diaqwrism�c stic sunist�sec parousi�zei to pleon�kthma thc e�reshc thckur�arqhc t�shc sthn �xodo tou sust�matoc.� E�resh thc b�ltisthc sun�rthshc ap�krishc suqn�thtac. H sun�rthsh aut� apotele�ton par�gonta metafor�c ap� ta qarakthristik� twn shm�twn eis�dou sth morf�tou s�matoc ex�dou. H b�ltisth aut� sun�rthsh prosdior�zetai me b�sh thn elaqi-stopo�hsh tou f�smatoc tou jor�bou sthn �xodo, to opo�o ofe�letai se mh grammik�cdiadikas�ec twn metr�sewn sthn e�sodo.H �xodoc tou sust�matoc aut�c thc morf�c x(k; l) mpore� na jewrhje� wc to �jroisma twnepim�rouc shm�twn ex�dou xi(k; l); i = 1; 2; :::; q, kai tou par�gonta jor�bou e(k; l), �ste:x(k; l) = qXi=1 xio(k; l) + e(k; l): (6.85)Akolouj�ntac thn an�lush kat� Fourier, �pwc kai sthn per�ptwsh tou aplo� sust�matoc�qoume: X(u; v) = qXi=1 Xio(u; v) + E(u; v): (6.86)Gia k�je xeqwrist� s�ma ex�dou Xio(u; v) isq�ei h sq�sh pou to sund�ei me to ant�stoiqos�ma kai ton j�rubo sthn e�sodo:Xio(u; v) = Hio(u; v)[Yi(u; v) +Mi(u; v)] (6.87)Jewr�ntac thn per�ptwsh pollapl�n metr�sewn sthn e�sodo, h genik� ex�swsh pou pe-rigr�fei majhmatik� to s�sthma tou sq�matoc 6.8 gr�fetai wc ex�c:X(u; v) = qXj=1Hjo(u; v)[Yj(u; v) +Mj(u; v)] +E(u; v): (6.88)



KEFALAIO 6 177Me thn eisagwg� en�c diaforetiko� de�kth �jroishc i = 1; 2; :::; q, thn apaloif� twn ori-sm�twn k; l kai u; v gia l�gouc suntom�ac kai ton pollaplasiasm� thc sq�shc (6.88) me tosuzug� migadik� Y �i , prok�ptei:XY �i = qXj=1HjoYjY �i +HjoMjY �i +EY �i : (6.89)Jewr�ntac tic prosdok�ec twn d�o mer�n thc parap�nw sq�shc kai pollaplasi�zontac k�je�na m�roc me ton par�gonta kl�makac 1=(TkTl) prok�ptei:Pxi = qXj=1Hjo(Pji + Pmi) + Pei i = 1; 2; :::; q: (6.90)Sthn parap�nw sq�sh o par�gontac Pmi e�nai �soc me to mhd�n sthn per�ptwsh pou oant�stoiqoc j�ruboc m kai oi metr�seic eis�dou yi e�nai pos�thtec asusq�tistec. S�mfwname thn paradoq� aut�, prok�ptei:Pxi = qXj=1HjoPji i = 1; 2; :::; q: (6.91)Se antistoiq�a me thn prohgo�menh diadikas�a h e�resh thc sunolik�c sun�rthshc pukn�th-tac auto-f�smatoc tou s�matoc ex�dou d�netai wc ex�c:X� = qXi=1H�io(Y �i +M�i ) +E�XX� = h qXi=1Hio(Yi +Mi) +Eih qXj=1H�jo(Y �j +M�j ) +E�i= qXi=1 qXj=1Hio(Yi +Mi)(Y �j +M�j )H�jo +EE�+ qXi=1Hio(Yi +Mi)E� + qXj=1EH�jo(Y �j +M�j )Lamb�nontac tic majhmatik�c prosdok�ec twn d�o mer�n kai pollaplasi�zontac me tonpar�gonta kl�makac 1=TkTl prok�ptei:Pxx = qXi=1 qXj=1Hio(Pij + Pmimj + Pimj + Pmij)H�jo + Pee+ qXi=1 Hio(Pie + Pmie) + qXj=1H�jo(Pej + Pemj ): (6.92)Me thn up�jesh twn asusq�tistwn posot�twn metax� twn metr�sewn eis�dou kai tou jor�bousthn �xodo h (6.92) lamb�nei th morf�:Pxx = qXi=1 qXj=1Hio(Pij + Pmimj )Hjo + Pee: (6.93)Sthn per�ptwsh q diaforetik�n metr�sewn eis�dou kai me thn paradoq� Pei = 0 h �xodoc Pxxperilamb�nei (q2 + 1) m�rh. H an�lush miac t�toiac morf�c kai h ermhne�a kajen�c m�roucqwrist� apotele� mia ep�ponh upologistik� diadikas�a. H parap�nw per�ptwsh aplopoie�taisun�jwc me th qr�sh d�o teqnik�n:



178 JEWRIA SUSTHMATWN1. To s�sthma antimetwp�zetai me asusq�tistec metr�seic eis�dou. Sthn per�ptwsh aut�,oi exis�seic (6.91) kai (6.92) katal�goun sth morf�Pxi = Pxio = Hio(Pii + Pmm); i = 1; 2; :::; q (6.94)Pxx = qXi=1 jHioj2(Pii + Pmm) + Pee: (6.95)Oi parap�nw exis�seic mporo�n na jewrhjo�n wc idia�terec peript�seic poll�n apl�nsusthm�twn eis�dou / ex�dou. Den apaite�tai k�poio s�sthma exis�sewn gia thne�resh twn Hio kai isq�ei:Hio = Pxi(Pii + Pmm) = PxiPioio i = 1; 2; :::; q: (6.96)H �xodoc Pxx peri�qei m�no (q + 1) m�rh.2. To pollapl� s�sthma anal�etai se epim�rouc apl� sust�mata d�o � tri�n eis�dwnqrhsimopoi�ntac tic epim�rouc sunart�seic pukn�thtac f�smatoc pou prok�ptoun. E-kten�sterh parous�ash thc jewr�ac aut�c d�netai sthn en�thta 6.4.6.6.4.5 Mont�lo dipl�c eis�dou / apl�c ex�douSthn per�ptwsh aut� d�o s�mata eis�dou {metaf�rontai} m�sw twn sunart�sewn ap�krishcsuqn�thtac kai par�goun to s�ma ex�dou. H morf� parousi�zetai sto sq�ma 6.9. ToH1oH2o---- -nn nqq qqPPPPPq�����1++ +?? 6y2y1 xm2m1
ey2oy1o x2ox1o

Sq�ma 6.9: S�sthma dipl�c eis�dou / apl�c ex�dou me j�rubo.s�sthma mpore� na perigrafe� ap� thn ak�loujh ex�swsh, pou prok�ptei ap� thn (6.88):X = H1Y1 +H2Y2 +E: (6.97)H parap�nw sq�sh anaf�retai se s�mata eis�dou qwr�c j�rubo. To s�sthma me thn eisagwg�jor�bou stic metr�seic eis�dou lamb�nei th morf�:X = H1o(Y1 +M1) +H2o(Y2 +M2) +E; (6.98)�pou X o metasqhmatism�c Fourier tou s�matoc ex�dou, Hio o metasqhmatism�c Fourier twnsunart�sewn ap�krishc suqn�thtac, Yi o metasqhmatism�c Fourier twn {kajar�n} (apal-lagm�nwn ap� sf�lmata) shm�twn sthn e�sodo, Mi to f�sma tou jor�bou stic metr�seiceis�dou kai E to f�sma tou jor�bou sthn �xodo, pou ofe�letai sth mh grammik�thta toumont�lou. Oi b�ltistec sunart�seic ap�krishc suqn�thtac twn parap�nw sq�sewn sthnper�ptwsh susthm�twn dipl�c eis�dou kai apl�c ex�dou prosdior�zontai me th diadikas�atou pollaplo� sust�matoc pou anaf�rjhke prohgoum�nwc. Isq�ei:E = X �H1o(Y1 +M1)�H2o(Y2 +M2); E = X �H1oY1o �H2oY2o: (6.99)



KEFALAIO 6 179Gia thn per�ptwsh twn sunart�sewn H1o kai H2o to f�sma tou jor�bou sthn �xodo e�nai:Pee = 1TkTlEnEE�o: (6.100)H sun�rthsh pukn�thtac auto-f�smatoc tou jor�bou sthn �xodo d�netai ap� th genik�terhex�swsh: Pee = Pxx �H�1oPx1o �H�2oPx2o �H1oP1ox+H1oP1o1oH�2o +H1oP1o2oH�2o �H2oP2ox+H2oP2o1oH�1o +H2oP2o2oH�2o : (6.101)Gia thn e�resh twn b�ltistwn sunart�sewn metafor�c H1o kai H2o akolouje�tai h gnwst�jewr�a twn elaq�stwn tetrag�nwn. H elaqistopo�hsh odhge� sto mhdenism� thc merik�cparag�gou thc Pee wc proc th ant�stoiqh suzug� migadik� sun�rthsh metafor�c. E�nai:@Pee@H�1o = � Px1o +H1oP1o1o +H2oP1o2o = 0 (6.102)@Pee@H�2o = � Px2o +H1oP2o1o +H2oP2o2o = 0 (6.103)To grammik� s�sthma twn d�o teleuta�wn exis�sewn �qei wc �gnwstec pos�thtec tic b�l-tistec sunart�seic ap�krishc suqn�thtac, pou d�nontai ap� tic sq�seic:Ĥ1o = P2o2oPx1oP1o1oP2o2o � P1o2oP2o1o (6.104)Ĥ2o = P1o1oPx2oP1o1oP2o2o � P1o2oP2o1o : (6.105)O upologism�c twn parap�nw posot�twn sthn per�ptwsh metr�sewn tou ped�ou bar�thtace�nai profan�c, ekt�c ap� thn per�ptwsh thc sun�rthshc pukn�thtac f�smatoc metax� twndedom�nwn eis�dou kai ex�dou Px1o kai Px2o , �pou empl�kontai ta �gnwsta s�mata ex�doux. Oi pos�thtec aut�c upolog�zontai �pwc kai sthn per�ptwsh thc (6.62). Prok�ptei telik�:Px1o = XY �1o = X(Y �1 +M�1 )= XY �1 +XM�1 = XY �1 (6.106)= Px1kai isq�ei Px2o = Px2. Sthn per�ptwsh aut�, h sun�rthsh pukn�thtac f�smatoc mpore� naupologiste� me th bo�jeia twn gnwst�n telest�n pou sund�oun jewrhtik� tic pos�thtec touped�ou bar�thtac (p.q., telest�c Stokes, Vening-Meinesz, Hotine, k.lp.), dhlad�:Px1 = XY �1 = H1Y1Y �1 = H1P11; (6.107)�pou H1 o telest�c pou sund�ei jewrhtik� to s�ma ex�dou me to {kajar�} s�ma eis�dou.Pr�pei na shmeiwje� �ti, �tan epil�gontai oi b�ltistec tim�c gia tic sunart�seic ap�krishcsuqn�thtac, oi sunart�seic pukn�thtac dia-f�smatoc metax� twn metr�sewn sthn e�sodokai tou jor�bou sthn �xodo e�nai �sec me mhd�n. Sumperasmatik�, o upologism�c twnb�ltistwn sunart�sewn metafor�c odhge� sthn elaqistopo�hsh thc sun�rthshc pukn�thtacauto-f�smatoc tou jor�bou sthn �xodo kai mhden�zei tic sunart�seic dia-f�smatoc metax�metr�sewn kai exwteriko� jor�bou [5].



180 JEWRIA SUSTHMATWNPar�deigma gia thn per�ptwsh tou ped�ou bar�thtacSthn en�thta aut� parousi�zetai �na s�sthma dipl�c eis�dou kai apl�c ex�dou tou ped�oubar�thtac, me metr�seic eis�dou tim�c anwmali�n bar�thtac �g kai metr�seic apoq�n tougeweido�c s pou pro�rqontai ap� thn epexergas�a altimetrik�n dedom�nwn. H ep�drash thcjal�ssiac topograf�ac (Sea Surface Topography - SST) jewre�tai amelht�a, me apot�lesmata s�mata twn altimetrik�n dedom�nwn na taut�zontai me ta s�mata twn apoq�n tou ge-weido�c. Wc s�ma ex�dou mpore� na lhfje�, e�te h apoq� tou geweido�c N , e�te n�ec tim�canwmali�n bar�thtac �g. H an�lush akolouje� th perigraf� progen�sterwn ergasi�n [29],[13], [14], [33], [32], [34], [31], [30]. Me to par�deigma aut� fa�netai h meg�lh qrhsim�thta thcjewr�ac twn susthm�twn sthn pros�ggish tou ped�ou bar�thtac. Me th qr�sh eterogen�nphg�n dedom�nwn (p.q., anwmal�ec thc bar�thtac ap� metr�seic jal�ssiac baruthmetr�ac kaiuy�metra thc epif�neiac thc j�lassac proerq�mena ap� metr�seic doruforik�c altimetr�ac)epitugq�netai o b�ltistoc sunduasm�c touc kai o prosdiorism�c diaf�rwn sunistws�n touped�ou bar�thtac. H ex�swsh tou sust�matoc d�netai se suneliktik� morf� ap� th sq�sh:x = h1o � (s+ms) + h2o � (�g +m�g) + e; (6.108)�pou e ta sf�lmata pou ofe�lontai sth mh grammik�thta tou sust�matoc. To sq�ma 6.10perigr�fei th morf� tou sust�matoc auto�. H (6.108) metatr�petai se apl� morf� polla-H2oH1o---- -nn nqq qqPPPPPq�����1++ +?? 6s�g xmsm�g
es0�g0 xsx�gSq�ma 6.10: S�sthma dipl�c eis�dou / apl�c ex�dou tou ped�ou bar�thtac me j�rubo.plasiasmo�, e�n oi emplek�menec pos�thtec metasqhmatisto�n se f�smata me thn efarmog�tou euj�oc metasqhmatismo� Fourier:X = H1o(S +Ms) +H2o(�G+M�g) +E: (6.109)Gia thn e�resh twn b�ltistwn Ĥ1o kai Ĥ2o, jewr�ntac touc jor�bouc asusq�tistec pos�-thtec kai k�je sunist�sa jor�bou asusq�tisth me to s�ma ex�dou, prok�ptoun oi sq�seic:Ĥ1o = (P�g�g + Pm�gm�g)Pxs(Pss + Pmsms)(P�g�g + Pm�g�gm�g�g )� Ps�gP�gs (6.110)Ĥ2o = (Pss + Pnsns)Px�g(Ps + Pmsms)(P�g�g + Pm�gm�g)� Ps�gP�gs ; (6.111)�pou x mpore� na e�nai e�te to N e�te to �g, Pss kai P�g�g e�nai oi ant�stoiqec sunart�seicpukn�thtac auto-f�smatoc twn s kai �g antisto�qwc, Ps�g = P ��gs e�nai oi sunart�seicpukn�thtac dia-f�smatoc metax� twn s kai �g, Pxs kai Px�g e�nai oi sunart�seic pukn�thtacauto-f�smatoc metax� twn x kai s kai �g antisto�qwc, Pmsms kai Pm�gm�g e�nai oi su-nart�seic pukn�thtac auto-f�smatoc metax� twn ant�stoiqwn jor�bwn twn shm�twn eis�dou.H diadikas�a prosdiorismo� twn b�ltistwn sunart�sewn metafor�c kai twn telik�n shm�twnex�dou akolouje� thn klasik� jewr�a twn elaq�stwn tetrag�nwn kai diakr�netai sta ep�menab�mata, �pwc anaf�rjhke kai sto kef�laio twn apl�n susthm�twn:



KEFALAIO 6 1811. E�resh twn sunart�sewn pukn�thtac f�smatoc twn dedom�nwn. Pragmatopoie�taie�te me thn apeuje�ac efarmog� metasqhmatism�n sta dedom�na (euje�a pros�ggish),e�te me thn efarmog� metasqhmatism�n stic sunart�seic susq�tishc twn dedom�nwn(�mmesh pros�ggish), e�te, t�loc, me thn efarmog� parametrik�n mont�lwn.2. Prosdior�zetai h sun�rthsh pukn�thtac dia-f�smatoc metax� twn �g kai twn x kaih ant�stoiqh sun�rthsh metax� twn s kai x, me tic paradoq�c pou isq�oun kai sthnper�ptwsh aplo� sust�matoc.3. Prosdior�zontai oi b�ltistec sunart�seic ap�krishc suqn�thtac Ĥ1o ; Ĥ2o ap� tic exi-s�seic (6.110).4. Upolog�zontai ta s�mata ex�dou.5. Upolog�zontai oi sunart�seic pukn�thtac f�smatoc twn sfalm�twn thc ekt�mhshc.6.4.6 Up� sunj�kh sust�mata pollapl�c eis�dou'Ena s�sthma aut�c thc morf�c parousi�zetai sto sq�ma 6.11. Sto sq�ma parousi�zontaiLx1Lx2Lx3Lxqqqq
----

-n@@@@@RPPPPPq�����1������
+6Yq�(q�1)!

Y3�2!Y2�1Y1
XE

Sq�ma 6.11: S�sthma pollapl�c eis�dou gia upoloip�mena dedom�na.oi diakrito� metasqhmatismo� Fourier twn shm�twn eis�dou kai gia k�je i, o sumbolism�ci �(i�1)! parist� thn upoloip�menh i m�trhsh, apallagm�nh ap� susqet�seic me tic up�loipec(i�1) metr�seic. Ta s�mata eis�dou se aut�n thn kat�stash e�nai asusq�tista metax� touc[5]. Sth sun�qeia anapt�ssontai oi alg�rijmoi e�reshc twn diakrit�n metasqhmatism�n Fou-rier twn {upoloip�menwn} (residual) dedom�nwn. Ta s�mata jewro�ntai apallagm�na ap�exwterik� j�rubo. H ex�swsh pou perigr�fei to s�sthma tou sq�matoc 6.11 �qei th morf�:X = qXi=1 LxiYi�(i�1)! +E: (6.112)An h �xodoc X jewrhje� �ti apotele� thn (q + 1) m�trhsh, t�te o j�ruboc E ja apotele�thn (q + 1) m�trhsh, afo� ja �qoun apaleifje� oi epidr�seic twn upolo�pwn q. 'Opwc �qei



182 JEWRIA SUSTHMATWNanaferje�, o j�ruboc sthn �xodo antiproswpe�ei thn upoloip�menh suneisfor� twn mh gram-mik�n epidr�sewn pou den ofe�lontai sta s�mata eis�dou. H prohgo�menh ex�swsh katal�geisth morf�: Y(q+1) = qXi=1 L(q+1)iYi�(i�1)! + Y(q+1)�q!: (6.113)Sthn per�ptwsh twn r pr�twn dedom�nwn eis�dou, �pou r � q, isq�eiY(q+1) = rXi=1 L(q+1)iYi�(i�1)! + Y(q+1)�r!: (6.114)Antikajist�ntac t�ra thn (q + 1) m�trhsh me thn tuqa�a j prok�tei h genik�terh sq�sh:Yj = rXi=1 LjiYi�(i�1)! + Yj�r!: (6.115)An h metablht� r antikatastaje� ap� thn (r � 1), t�te h (6.115) g�netai:Yj = r�1Xi=1 LjiYi�(i�1)! + Yj�(r�1)!: (6.116)Me sunduasm� twn (6.115) kai (6.116) prok�ptei h basik� sq�sh upologismo� twn {upo-loip�menwn} (residual) shm�twn se fasmatik� morf�:Yj�r! = Yj�(r�1)! � LjrYr�(r�1)!: (6.117)Me aut�n ton tr�po upolog�zetai �na tuqa�o s�ma Yj�r! ap� th gn�sh tou Yj�(r�1)!. Ei-dik�tera, k�je �roc Yj�1 mpore� na prok�yei ap� th gn�sh tou Yj kai twn ant�stoiqwn upo-loip�menwn sunart�sewn metafor�c Lj1. Kat�pin, o par�gontac Xj�2! mpore� na prok�yeiap� th gn�sh tou Xj�1 kai twn Lj2 upoloip�menewn sunart�sewn.O genikeum�noc alg�rijmoc prosdiorismo� twn upoloip�menwn sunart�sewn pukn�thtacf�smatoc twn dedom�nwn akolouje� par�moia an�lush. 'Estw gia ta dedom�na Xj�r! kaiXi�r! d�netai h upoloip�menh sun�rthsh pukn�thtac auto-f�smatoc, kaj�c, ep�shc, kai hupoloip�menh sun�rthsh pukn�thtac diaf�smatoc:Pjj�r! = 1TkTlE[Xj�r!X�j�r!] (6.118)Pij�r! = 1TkTlE[Xi�r!X�j�r!]:Gia tic sunart�seic pukn�thtac f�smatoc prok�ptei telik� h sq�sh [5]Pij�r! = Pij�(r�1)! � LjrPri�(r�1)!: (6.119)H parap�nw sq�sh qrhsimopoie�tai gia thn an�lush up� sunj�kh susthm�twn pollapl�nshm�twn eis�dou / ex�dou. Eidik�tera gia ton upologism� tou f�smatoc Pij�1 apaite�tai hgn�sh tou Pij kai twn Lj1 susthm�twn. Kat�pin, gia ton upologism� tou Pij�2! apaite�taih gn�sh tou Pij�1 kai twn Lj2 susthm�twn. 'Opwc g�netai antilhpt�, gia thn efarmog� twnsq�sewn (6.117) kai (6.119) e�nai apara�thth h gn�sh twn Ljr upoloip�menwn susthm�twn.'Opwc anaf�rjhke, to meg�lo pleon�kthma thc qr�shc twn upoloip�menwn dedom�nwne�nai h aplopo�hsh twn pol�plokwn mont�lwn pollapl�n shm�twn eis�dou. H aplopo�hshaut� perigr�fetai sth sun�qeia, �pou kai anal�etai �na pollapl� s�sthma se epim�rouc



KEFALAIO 6 183apl�. H sun�rthsh metafor�c Lxi, pou antiproswpe�ei to apl� s�sthma, d�netai ap� thsq�sh: Lxi = Pxi�(i�1)!Pii�(i�1)! i = 1; 2; : : : ; q: (6.120)Anal�ontac touc treic pr�touc par�gontec thc sq�shc prok�ptei:i = 1 Lx1 = Px1P11i = 2 Lx2 = Px2�1P22�1 (6.121)i = 3 Lx3 = Px3�2!P33�2!Ap� thn (6.120) prok�ptei h sq�sh:jLxij2Pii�(i�1)! = 
2xi�(i�1)!Pxx�(i�1)!; (6.122)�pou 
xi�(i�1)! = jPxi�(i�1)!j2Pii�(i�1)!Pxx�(i�1)! (6.123)e�nai h merik� sun�rthsh suntonismo� metax� twn upoloip�menwn shm�twn thc morf�cYi�(i�1)! kai Xx�(i�1)!. Ep�shc, ap� thn (6.119), �tan i = j = y kai r = i,Pxx�i! = [1� 
2xi�(i�1)!]Pxx�(i�1)! (6.124)H efarmog� twn d�o teleuta�wn sq�sewn aplopoie� �na pollapl� s�sthma se epim�rouc apl�me asusq�tista s�mata eis�dou. To s�nolo twn susthm�twn, pou isodunamo�n me th morf�tou pollaplo� sust�matoc tou sq�matoc 6.11, �qei thn ak�loujh morf�:Lx1Lx2Lx3Lxqqqq
----

----
----

nnnn
++++
????Yq�(q�1)!

Y3�2!Y2�1Y1
E = Xx�q!
Xx�3!Xx�2!Xx�1 xXx�1Xx�2!Xx�(q�1)!Sq�ma 6.12: Apl� sust�mata isod�nama me to pollapl� tou sq. 6.11.Oi upoloip�menec sunart�seic pukn�thtac f�smatoc, m�sw twn (6.119) kai (6.120), d�no-ntai ap� thn ex�swsh: Pij�r! = Pij�(r�1)! � hPjr�(r�1)!Prr�(r�1)! iPri�(r�1)!; (6.125)



184 JEWRIA SUSTHMATWNafo� antikatastajo�n oi b�ltistec sunart�seic Ljr. Gia thn plhr�sterh katan�hsh ana-pt�ssetai to par�deigma gia r = 1; 2; 3.� Gia r = 1 h (6.125) �qei th morf�Pij�1 = Pij � hPj1P11 iP1i: (6.126)Oi sunart�seic pukn�thtac f�smatoc s' aut� to st�dio prok�ptoun ap� ta arqik�s�mata. Oi upoloip�menec sunart�seic Pij�1 �qoun pragmatik�c tim�c, �tan i = j(sunart�seic auto-f�smatoc) kai migadik�c tim�c gia i 6= j (sunart�seic dia-f�smatoc).Pr�pei, ep�shc i; j > 1.� Gia r = 2 h (6.125) g�netai Pij�2! = Pij�1 � Pj2�1P22�1P2i�1: (6.127)Oi sunart�seic pukn�thtac aut�- � dia-f�smatoc upolog�zontai ap� tic sunart�seictou prohgo�menou b�matoc kai lamb�noun ant�stoiqa pragmatik�c � migadik�c tim�c,ant�stoiqa. Pr�pei, ep�shc, i; j > 2.� Gia r = 3 h (6.125) metatr�petai se mia algebrik� sq�sh ap� thn opo�a upolog�zontaioi sunart�seic pukn�thtac f�smatoc thc morf�c Pij�3!, gnwr�zontac tic �dh upolo-gism�nec sunart�seic twn prohgo�menwn bhm�twn.Mia efarmog� twn up� sunj�kh susthm�twn pollapl�c eis�dou ston prosdiorism� twnsunistws�n tou dian�smatoc thc bar�thtac ap� metr�seic ap� a�ra baruthmetr�ac (airbornegravimetry) d�netai ap� touc Wu and Sideris [40].6.4.7 Genikeum�na mont�la pollapl�c eis�dou/ex�douSthn en�thta aut� d�netai h telik� morf� thc jewr�ac twn susthm�twn pou afor� se geni-keum�na mont�la pollapl�c eis�dou/ex�dou. Ta prohgo�mena parade�gmata twn susthm�twnapl�c ex�dou mporo�n na qarakthristo�n wc eidik�c peript�seic thc jewr�ac pou anal�etaisthn paro�sa en�thta. Ta s�mata d�notai pl�on m�sw pin�kwn, en� h e�resh twn krithr�wnakr�beiac twn susthm�twn se morf� pin�kwn parousi�zetai poluplok�terh.'Estw Y e�nai �na di�nusma, to opo�o antiproswpe�ei touc euje�c metasqhmatismo�cFourier (f�smata) twn q shm�twn eis�dou kai X e�nai to di�nusma pou antiproswpe�ei toucant�stoiqouc metasqhmatismo�c Fourier twn w shm�twn ex�douY = 26664 Y1Y2...Yq 37775 ;X = 26664 X1X2...Xw 37775 (6.128)Sthn per�ptwsh efarmog�c twn susthm�twn stic gewepist�mec (efarmog� se d�o di-ast�seic), ta stoiqe�a twn dianusm�twn twn shm�twn pou anaf�rontai antistoiqo�n seupop�nakec dedom�nwn. Oi diast�seic twn upopin�kwn aut�n e�nai �sec me ton arijm� twngramm�n kai twn sthl�n pou �qei to ant�stoiqo s�ma se morf� mhtr�ou.S�mfwna me aut� pou anaf�rjhkan se prohgo�menec en�thtec, oi sunart�seic pukn�thtacf�smatoc metax� omoiogen�n kai eterogen�n shm�twn e�nai [10]:Pyy = 1TkTlEfYY�TgPxx = 1TkTlEfXX�Tg (6.129)Pxy = 1TkTlEfXY�Tg;



KEFALAIO 6 185�pou X�T;Y�T ta an�strofa suzug� migadik� dian�smata twn X;Y, ant�stoiqa.Ta stoiqe�a twn mhtr�wn thc (6.129) d�nontai wc ex�cPij = 1TkTlE[YiY �j ]Pxixj = 1TkTlE[XiX�j ] (6.130)Pxij = 1TkTlE[XiY �j ]:Gia th sun�rthsh pukn�thtac auto-f�smatoc twn shm�twn sthn e�sodo isq�ei:Pyy = 1TkTlE8>>><>>>: 26664 Y1Y2...Yq 37775 � Y �1 Y �2 � � � Y �q � 9>>>=>>>; == 26664 P11 P12 � � � P1qP21 P22 � � � P2q... ... . . . ...Pq1 Pq2 � � � Pqq 37775 (6.131)Omo�wc, h sun�rthsh pukn�thtac auto-f�smatoc sthn �xodo gr�fetai se morf� p�naka wcex�c: Pxx = 1TkTlE8>>><>>>: 26664 X1X2...Xw 37775 � X�1 X�2 � � � X�w � 9>>>=>>>; == 26664 Px1x1 Px1x2 � � � Px1xwPx2x1 Px2x2 � � � Px2xw... ... . . . ...Pxwx1 Pxwx2 � � � Pxwxw 37775 (6.132)Pr�pei na shmeiwje� �ti oi Pyy kai Pxx e�nai p�nakec Ermitian�c morf�c (Hermitian ma-trices), dhlad� isq�ei Pij = P �ji gia k�je i kai j [18]. Gia touc parap�nw Ermitiano�c isq�eiak�mh P �yy = P Tyy kai P �xx = P Txx. E�nai:Pxy = 1TkTlE8>>><>>>: 26664 X1X2...Xw 37775 � Y �1 Y �2 � � � Y �q � 9>>>=>>>; == 26664 Px11 Px12 � � � Px1qPx21 Px22 � � � Px2q... ... . . . ...Pxw1 Pxw2 � � � Pxwq 37775 ; (6.133)�pou Pxij = Pxiyj .To s�sthma twn exis�sewn parathr�shc or�zetai me th bo�jeia tou p�naka twn su-



186 JEWRIA SUSTHMATWNnart�sewn ap�krishc suqn�thtacHxy = 26664 Hx1y1 Hx1y2 � � � Hx1yqHx2y1 Hx2y2 � � � Hx2yq... ... . . . ...Hxwy1 Hxwy2 � � � Hxwyq 37775 (6.134)wc ex�c: X = HxyY: (6.135)K�je stoiqe�o thc l�shc d�netai sunoptik� ap� th sq�sh:Xk = qXi=1 HxkiYi k = 1; 2; : : : ; q: (6.136)O prosdiorism�c tou p�naka Hxy prok�ptei analutik� wc ex�c:X = HxyYXY�T = HxyYY�T (6.137)Lamb�nontac tic prosdok�ec kai twn d�o mel�n thc teleuta�ac sq�shc, pollaplasi�zontacme (1=TkTl) kai me P�1yy prok�ptei:PxyP�1yy =HxyPyyP�1yy (6.138)�pou P�1yy e�nai o ant�strofoc p�nakac tou Pyy, en� o p�nakac twn sunart�sewn ap�krishcsuqn�thtac d�netai ap� th sq�sh: Hxy = PxyP�1yy : (6.139)Ap� th sq�sh (6.139) diakr�netai h omoi�thta thc jewr�ac twn susthm�twn me th jewr�athc shmeiak�c prosarmog�c elaq�stwn tetrag�nwn. H sun�rthsh s�ndeshc twn shm�twneis�dou kai ex�dou sqet�zetai �mesa me tic sunart�seic summetablht�thtac shm�twn kaiprogn�sewn sto mont�lo thc shmeiak�c prosarmog�c. H �mesh s�gkrish me th sun�rthshs�ndeshc s�matoc kai pr�gnwshc sth shmeiak� prosarmog�, �pwc parousi�zetai ap� toMo-ritz [16], odhge� sthn katan�hsh twn koin�n stoiqe�wn twn d�o prosegg�sewn. Oi omoi�thteckai oi diafor�c metax� thc jewr�ac twn susthm�twn kai tou mont�lou thc shmeiak�c pro-sarmog�c anal�ontai ap� touc Sans�o and Sideris [25].Idia�terh anafor� pr�pei na g�nei sth sq�sh (6.139). Kaj�nac ap� touc p�nakec pouanaf�rontai sthn (6.139) �qei wc stoiqe�a ta ped�a twn dedom�nwn eis�dou. H antistrof�pou parousi�zetai antiproswpe�ei ousiastik� thn ep�lush tou sust�matoc pou dhmiourge�taime stoiqe�a touc p�nakec twn dedom�nwn kai �qi ta dedom�na aut� kajeaut�. Gia na g�nei ka-tanoht� h diergas�a ep�lushc tou sust�matoc anaf�retai to ak�loujo s�ntomo par�deigma:'Estw �ti d�o phg�c dedom�nwn sundu�zontai b�ltista gia ton prosdiorism� en�c s�matocex�dou. 'Estw �ti k�je s�ma eis�dou apotele�tai ap� �na ped�o metr�sewn (4 � 4), op�tekai to s�ma ex�dou �qei tic �diec diast�seic To telik� s�sthma parat�rhshc d�netai ap� thsq�sh: � P11 P12P21 P22 �� Hx1Hx2 � = � Px1Px2 � ; (6.140)�pou P11, P22, P12 = P�21 e�nai oi p�nakec twn sunart�sewn pukn�thtac f�smatoc me-tax� twn shm�twn eis�dou diast�sewn (4 � 4) o kaj�nac, Hx1, Hx2 e�nai oi p�nakec twnsunart�sewn ap�krishc suqn�thtac (4 � 4) kai Px1, Px2 oi p�nakec twn sunart�sewnpukn�thtac f�smatoc metax� shm�twn eis�dou kai ex�dou. Gia thn ep�lush tou sust�matoc



KEFALAIO 6 187apara�thth e�nai h antistrof� tou s�njetou p�naka twn sunart�sewn pukn�thtac f�smatoctwn shm�twn sthn e�sodo. H antistrof� aut� den anaf�retai se kaj�na ap� ta stoiqe�a twnupopin�kwn tou Pyy, all� ston �dio ton Pyy diast�sewn (2�2). H ep�lush tou sust�matocodhge� sthn � Hx1Hx2 � = 1D � P22 �P12�P21 P11 � � Px1Px2 � ; (6.141)�pou D = P11P22�P12P21. H diadikas�a ep�lushc tou sust�matoc perilamb�nei thn anti-strof� tou p�naka Pyy me stoiqe�a ta P11, P12, P21 kai P22 kai �qi th sunolik� antistrof�tou s�njetou p�naka Pyy. Sto sugkekrim�no par�deigma h antistrof� pragmatopoie�tai sep�naka 2� 2 kai �qi sto sunolik� 8� 8 p�naka. H diadikas�a ep�lushc tou sust�matoc e�naiapara�thth sthn per�ptwsh perissot�rwn twn d�o shm�twn eis�dou, giat� sthn per�ptwshaut� e�nai d�skolo na exaqjo�n sq�seic an�logec twn (6.104).Sthn par�grafo aut� parousi�sthkan oi mhtrwik�c sq�seic prosdiorismo� twn stoiqe�wnen�c sust�matoc pollapl�c eis�dou � pollapl�c ex�dou. Oi analutik�c ekfr�seic pouanapt�qjhkan antiproswpe�oun th genik�terh per�ptwsh thc jewr�ac twn susthm�twn. 'Olecoi prohgo�menec aplo�sterec morf�c susthm�twn mporo�n me meg�lh eukol�a na exaqjo�nap� tic genik�terec sq�seic thc en�thtac aut�c. Pr�pei na shmeiwje� �mwc, �ti h an�ptuxhtwn susthm�twn se morf� pin�kwn den prosf�rei thn an�lush stic xeqwrist�c sunist�sectwn shm�twn ex�dou, an�lush idia�tera qr�simh sthn per�ptwsh tou ped�ou bar�thtac. Pro-te�netai, loip�n, o diaqwrism�c twn shm�twn se telik� mh susqetism�na metax� touc de-dom�na (upoloip�mena dedom�na) kai h di�spash twn pollapl�n mont�lwn se epim�rouc apl�.Ento�toic, h qr�sh {up�-sunj�kh} dedom�nwn pro�poj�tei thn kat�llhlh taxin�mhsh twndedom�nwn, an�loga me thn {d�namh} (power) twn fasmatik�n touc idiot�twn, diadikas�aexairetik� d�skolh sthn per�ptwsh twn �ntona susqetism�nwn dedom�nwn tou g�inou ped�oubar�thtac. H an�lush thc jewr�ac twn susthm�twn se morf� pin�kwn den pro�poj�tei kam�ataxin�mhsh � sunj�kh gia tic metr�seic eis�dou. Shmantik� r�lo sthn an�ptuxh thc geni-keum�nhc jewr�ac �qei kai h antimet�pish tou jor�bou, t�so sthn e�sodo, �so kai sthn �xodo,pou d�netai diexodik�tera sthn en�thta 6.4.5.6.4.8 Genikeum�na mont�la pollapl�c eis�dou � pollapl�c ex�dou mej�ruboH genikeum�nh anapar�stash en�c sust�matoc pollapl�c eis�dou � pollapl�c ex�dou mej�rubo parousi�zetai sto sq�ma 6.13. 'Estw �ti ta dedom�na eis�dou parousi�zontai eph-
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188 JEWRIA SUSTHMATWNta f�smata twn shm�twn kai twn jor�bwn, d�netai ap� th sq�sh:Xo = HxoyoYoX = Hxoyo(Y +M) +E; (6.142)�pou X to di�nusma twn w metasqhmatism�nwn shm�twn ex�dou, Y to di�nusma twn q meta-sqhmatism�nwn shm�twn eis�dou,M to (q�1) di�nusma tou metasqhmatism�nou jor�bou twnshm�twn eis�dou, Yo = Y +M to di�nusma twn parathro�menwn metr�sewn sthn e�sodo,Hxoyo o (w�q) p�nakac me stoiqe�a tic metasqhmatism�nec sunart�seic ap�krishc suqn�th-tac kai E to di�nusma tou metasqhmatism�nou jor�bou sthn �xodo, to opo�o ofe�letai sticmh grammik�c upoloip�menec susqet�seic metax� shm�twn eis�dou kai ex�dou. Ta parap�nwdian�smata kai p�nakec d�nontai analutik� wc ex�c:Y = 26664 Y1Y2...Yq 37775 ;X = 26664 X1X2...Xw 37775 ;M = 26664 M1M2...Mq 37775 ;E = 26664 E1E2...Ew 37775 (6.143)
Hxoyo = 26664 Hx1oy1o Hx1oy2o � � � Hx1oyqoHx2oy1o Hx2oy2o � � � Hx2oyqo... ... . . . ...Hxwoy1o Hxwoy1o � � � Hxwoyqo 37775 (6.144)Skop�c thc an�lushc e�nai h e�resh tou b�ltistou p�naka twn sunart�sewn ap�krishcsuqn�thtac akolouj�ntac to krit�rio twn elaq�stwn tetrag�nwn. Epil�ontac thn (6.142)wc proc to di�nusma tou jor�bou sthn �xodo kai lamb�nontac to suzug�c migadik� di�nusmaE� prok�ptei telik�: E = X�HxoyoYo ) E = X�HxoyoYoE� = X� �H�xoyoY�oPollaplasi�zontac tic d�o teleuta�ec sq�seic metax� touc, lamb�nontac tic prosdok�ectouc kai pollaplasi�zontac me ton par�gonta (1=(TkTl)), �pou T ! 1, prosdior�zontaioi sq�seic pou sund�oun tic sunart�seic pukn�thtac f�smatocPee = Pxx �PxyoH�Txoyo �HxoyoPyox +HxoyoPyoyoH�Txoyo : (6.145)Gia thn e�resh tou b�ltistou p�naka twn sunart�sewn ap�krishc suqn�thtac e�nai apara�-thth h elaqistopo�hsh tou p�naka Pee. H elaqistopo�hsh pragmatopoie�tai s�mfwna me thsq�sh: @Pee@H�Txoyo = 0)�Pxyo + ĤxoyoPyoyo = 0)Pxyo = ĤxoyoPyoyo )Ĥxoyo = PxyoP�1yoyo (6.146)H (6.146) e�nai h genik� sq�sh twn susthm�twn pollapl�n shm�twn eis�dou � ex�dou.Ap� thn parap�nw morf� prok�ptoun �lec oi eidik�terec peript�seic pou anaf�rjhkan se



KEFALAIO 6 189prohgo�menec paragr�fouc (sust�mata apl�c eis�dou, apl�c ex�dou, s�mata kai j�ruboiasusq�tistec pos�thtec, k.lp.). Sthn per�ptwsh pou oi susqet�seic metax� shm�twn kaijor�bwn jewro�ntai amelht�ec, dhlad� isq�ei:Pym = Pmy = 0; (6.147)t�te h genik�terh sq�sh katal�gei sth morf�:Ĥxoyo = Pxy(Pyy +Pmm)�1 = PxyP�1yoyo : (6.148)Sthn per�ptwsh tou ped�ou bar�thtac, t�so h sun�rthsh pukn�thtac f�smatoc metax� twnshmat�n eis�dou kai ex�dou, �so kai to s�ma ex�dou e�nai �gnwstec pos�thtec. Sthnper�ptwsh aut�, o upologism�c thc sun�rthshc pukn�thtac f�smatoc metax� twn shm�twneis�dou kai ex�dou, h opo�a e�nai apara�thth gia thn telik� l�sh, e�nai dunat�c m�non �tane�nai gnwst�c o p�nakac twn sunart�sewn pukn�thtac f�smatoc tou jor�bou twn shm�twnsthn e�sodo. O p�nakac twn sunart�sewn pukn�thtac f�smatoc metax� twn shm�twn eis�doukai ex�dou Pxy mpore� na prosdioriste� ap� tic gnwst�c analutik�c sq�seic pou sund�ounta baruthmetrik� s�mata (bl. kef�laio 2). Isq�ei h genik� sq�sh:Pxy = XY�T =HxyYY�T =HxyPyy =Hxy(Pyoyo �Pmm); (6.149)�pou Hxy e�nai o jewrhtik�c telest�c pou isq�ei metax� twn shm�twn eis�dou kai ex�dou,p.q. o telest�c tou Stokes an pr�keitai gia thn per�ptwsh anwmali�n eleuj�rou a�ra sthne�sodo kai apoq�n tou geweido�c sthn �xodo.To di�nusma twn shm�twn ex�dou kai o p�nakac twn sunart�sewn pukn�thtac f�smatoctwn sfalm�twn d�nontai ap� tic exis�seic [1]:X̂o = ĤxoyoYo = PxyP�1yoyoYo = Hxy(Pyoyo �Pmm)P�1yoyoYo (6.150)Pêê = hHxy(Pyoyo �Pmm)� ĤxoyoPyoyoi(H�Txy � Ĥ�Txoyo) + ĤxoyoPmmH�Txy (6.151)Parade�gmata genikeum�nwn susthm�twn sto ped�o bar�thtacPar�deigma 1. To s�sthma pou parousi�zetai sto sq�ma 6.14 perigr�fei th diadikas�a fil-trar�smatoc twn parathr�sewn (anwmali�n bar�thtac kai geweido�c). Parathr�seic eph-reasm�nec ap� j�rubo eis�gontai sto s�sthma kai, afo� ektimhje� o b�ltistoc p�nakac twnsunart�sewn ap�krishc suqn�thtac, upolog�zetai to di�nusma twn shm�twn sthn �xodo.Sthn per�ptwsh aut�, ta dedom�na parousi�zontai se dianusmatik� morf� kai morf� pin�kwn,
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190 JEWRIA SUSTHMATWN�pou oi pos�thtec �G0o, N 0o antistoiqo�n sta s�mata ex�dou. O p�nakac twn b�ltistwnsunart�sewn ap�krishc suqn�thtac d�netai ap� thn ex�swsh:Ĥxoyo = PxyP�1yoyo ; (6.153)�pou, sthn sugkekrim�nh per�ptwsh isq�ei:Pxy = � P�g0�g P�g0NPN 0�g PN 0N � = � P�g�g HN 0�gP�g�gHN 0�gP�g�g PNN � == � (P�go�go � Pm�gm�g) HN 0�g(P�go�go � Pm�gm�g)HN 0�g(P�go�go � Pm�gm�g) (PNoNo � PmNmN ) � (6.154)O ant�strofoc tou p�naka twn sunart�sewn pukn�thtac f�smatoc twn parathr�sewn d�netaiapeuje�ac ap�: P�1yoyo = 1� � PNoNo �P�goNo�PNo�go P�go�go � ; (6.155)�pou � = P�go�goPNoNo � PNo�goP�goNo . H analutik� sq�sh tou p�naka twn b�ltistwnsunart�sewn ap�krishc suqn�thtac d�netai wc ex�c:Ĥxoyo = � Ĥ�g0o�go Ĥ�g0oNoĤN 0o�go ĤN 0o�go � = P�go�go � Pm�gm�g� " 1 HN 0�gHN 0�g PNoNo�PmNmNP�go�go�Pm�gm�g # �� PNoNo �P�goNo�PNo�go P�go�go � : (6.156)Sth sun�qeia, parousi�zontai h telik� l�sh kai o p�nakac twn sunart�sewn pukn�thtacf�smatoc tou jor�bou sthn �xodo:� �G0oN 0o � = P�go�go � Pm�gm�g� " 1 HN 0�gHN 0�g PNoNo�PmNmNP�go�go�Pm�gm�g # �� PNoNo �P�goNo�PNo�go P�go�go � � �GoNo � (6.157)Pêê = � Pê�g ê�g Pê�g êNPêN ê�g PêN êN � =(� 1 H�g0NHN 0�g 1 ��� P�go�go P�goNoPNo�go PNoNo �� � Pm�gm�g 00 PmNmN ���� Ĥ�g0o�go Ĥ�g0oNoĤN 0o�go ĤN 0o�go �� P�go�go P�goNoPNo�go PNoNo �) ��� 1 H�N 0�gH��g0N 1 �� � Ĥ�g0o�go ĤN 0o�gĤ�g0oNo ĤN 0oNo ��+� Ĥ�g0o�go Ĥ�g0oNoĤN 0o�go ĤN 0oNo �� Pm�gm�g 00 PmNmN �� H��g0�g H�N 0�gH��g0N H�N 0N � (6.158)Stic parap�nw exis�seic me HN 0�g parist�netai o telest�c tou Stokes kai me H�g0N oant�strofoc telest�c Stokes sto q�ro twn suqnot�twn. Par�ti h sq�sh metax� tou euj�kai kai ant�strofou telest� tou Stokes �qei pol�plokh morf� sto q�ro twn apost�sewn, hmorf� aut� aplopoie�tai sto q�ro twn suqnot�twn se HN 0�g = 1=H�g0N .



KEFALAIO 6 191Par�deigma 2. To di�nusma eis�dou apotele�tai ap� metr�seic sunistws�n thc ap�klishcthc katakor�fou �o kai �o, apoq�c tou geweido�c, pou pro�ljan ap� thn epexergas�a al-timetrik�n dedom�nwn so kai prwtogene�c metr�seic anwmali�n bar�thtac �go. 'Opwc kaisto par�deigma thc en�thtac 6.4.3, �tsi kai ed�, h ep�drash thc jal�ssiac topograf�acjewre�tai amelht�a kai gia to l�go aut� ta s�mata twn altimetrik�n dedom�nwn jewro�ntaiwc s�mata apoq�n tou geweido�c. Skop�c e�nai o prosdiorism�c twn shm�twn ex�dou, dh-lad� twn apoq�n tou geweido�c N kai twn anwmali�n bar�thtac �g0. Ta d�o s�mata �g kai�g0 den apotelo�n tic �diec pos�thtec, giat� ta s�mata ex�dou prok�ptoun ap� th suneisfor��lwn twn shm�twn eis�dou. 'Opwc kai sta aplo�stera sust�mata, oi metr�seic eis�dou su-node�ontai ap� thn �parxh jor�bou, o opo�oc perigr�fetai katarq�n me th bo�jeia st�simwnmont�lwn (bl. en�thta 6.5.2). Ta dian�smata eis�dou � ex�dou dedom�nwn kai jor�bwn,met� thn efarmog� metasqhmatism�n Fourier gia ton upologism� twn fasm�twn, d�nontaiwc ex�c: Yo = 2664 �oHoSo�Go 3775 = 2664 � +M�H +M�S +Ms�G+M�g 3775 ;X = � N�G0 � (6.159)M = 2664 M�M�MsM�g 3775 ;E = � ENE�g0 � (6.160)Oi exis�seic parat�rhshc d�nontai se morf� pin�kwn wc ex�c:� N�G0 � = � HNo�o HNo�o HNoso HNo�goH�g0o�o H�g0o�o H�g0oso H�g0o�go �0BB@2664 �HS�g 3775+ 2664 M�M�MsM�g 37751CCA+ � ENE�g0 � (6.161)'Estw �ti j�ruboi kai s�mata e�nai pos�thtec asusq�tistec metax� touc. O b�ltistocp�nakac metafor�c Hxoyo d�netai ap� mia sq�sh an�logh me thn (6.148), �pouHxoyo = � HNo�o HNo�o HNoso HNo�goH�g0o�o H�g0o�o H�g0oso H�g0o�go � (6.162)Pyy = 2664 P�� P�� P�s P��gP�� P�� P�s P��gPs� Ps� Pss Ps�gP�g� P�g� P�gs P�g�g 3775 (6.163)Pmm = 2664 Pm�m� Pm�m� Pm�ms Pm�m�gPm�m� Pm�m� Pm�ms Pm�m�gPmsm� Pmsm� Pmsms Pmsm�gPm�gm� Pm�gm� Pm�gms Pm�gm�g 3775 : (6.164)Ak�mh, me thn up�jesh �ti o j�ruboc sthn e�sodo kai to s�ma ex�dou e�nai pos�thtecasusq�tistec, isq�ei:Pxyo = Pxy = � PN� PN� PNs PN�gP�g0� P�g0� P�g0s P�g0�g � (6.165)Upenjum�zetai �ti ta stoiqe�a twn parap�nw pin�kwn antistoiqo�n se upop�nakec diast�-sewn �swn me tic seir�c kai tic st�lec twn dedom�nwn thc perioq�c mel�thc.O alg�rijmoc upologismo� twn shm�twn ex�dou pou d�netai sunoptik� sth sun�qeia,apotele� th gen�keush tou algor�jmou twn apl�n susthm�twn:



192 JEWRIA SUSTHMATWN1. Upolog�zontai oi p�nakec twn sunart�sewn pukn�thtac f�smatoc twn shm�twn kaitwn jor�bwn sthn e�sodo. Oi sunart�seic jor�bwn gia k�je phg� dedom�nwn pros-dior�zontai xeqwrist� me th bo�jeia st�simwn mont�lwn (bl. en�thta 6.5.2). O upo-logism�c twn stoiqe�wn twn pin�kwn mpore� na g�nei e�te �mesa ap� ta dedom�na, e�te�mmesa ap� tic sunart�seic metablht�thtac twn dedom�nwn.2. Upolog�zetai o p�nakac twn sunart�sewn pukn�thtac dia-f�smatoc metax� shm�twneis�dou kai ex�dou. 'Etsi, p.q., gia th sunist�sa P�g0� tou p�naka Pxy isq�ei:P�g0� = �G0�� = H�g���� = H�g�P�� ; (6.166)�pou H�g� o telest�c pou sund�ei jewrhtik� ta s�mata twn apokl�sewn thc kata-kor�fou me tic anwmal�ec bar�thtac, dhlad� o ant�strofoc telest�c Vening-Meinesz.Gia ton prosdiorism� aut� e�nai apara�thth, �pwc g�netai faner�, h pros�ggish thcsun�rthshc pukn�thtac f�smatoc tou jor�bou sthn e�sodo Pm�m� . H sun�rthshpukn�thtac f�smatoc gia ta s�mata eis�dou prok�ptei me efarmog� tou n�mou me-t�doshc: P�� = P�o�o � Pm�m� (6.167)3. Upolog�zetai o b�ltistoc p�nakac twn sunart�sewn ap�krishc suqn�thtac, �pwc ana-f�rjhke prohgoum�nwc.4. Prosdior�zetai o p�nakac twn sunart�sewn pukn�thtac f�smatoc twn shm�twn ex�doukai ap� eke� upolog�zontai ta s�mata ex�dou kai ta dian�smata tou jor�bou (sf�lmatapr�gnwshc tou k�je s�matoc) sthn �xodo.Par�deigma 3. Sto par�deigma aut� parousi�zetai h baruthmetrik� pros�ggish twn su-nistws�n thc ap�klishc thc katakor�fou. H pros�ggish pragmatopoie�tai me th qr�shtwn exis�sewn Vening-Meinesz m�sw en�c sust�matoc apl�c eis�dou kai dipl�c ex�dou. Tos�sthma parousi�zetai sto sq�ma 6.15. Kai s' aut�n thn per�ptwsh h sun�rthsh pukn�thtac
Sq�ma 6.15: Pros�ggish twn sunistws�n ap�klishc thc katakor�fou me th qr�sh sust�-matoc apl�c eis�dou � dipl�c ex�dou.f�smatoc tou jor�bou sta s�mata twn anwmali�n bar�thtac sthn e�sodo prosegg�zetai meth qr�sh kat�llhlwn mont�lwn kai ek twn prot�rwn plhrofor�a gia thn akr�beia twn para-thr�sewn. Ta dian�smata shm�twn ex�dou kai eis�dou se aut�n thn per�ptwsh e�nai:Xo = � �o
o � Yo = � �Go � ; (6.168)�pou �o e�nai o metasqhmatism�c Fourier tou s�matoc ex�dou thc sunist�sac thc ap�klishckat� meshmbrin� kai 
o e�nai o metasqhmatism�c Fourier tou s�matoc ex�dou thc kat�par�llhlo sunist�sac. Qrhsimopoie�tai sto par�deigma o sumbolism�c 
 gia thn kat�par�llhlo sunist�sa ant� gia ton klasik� H (kai �), �tsi �ste na apofeuqjo�n oi pa-rano�seic me th sun�rthsh metafor�c.



KEFALAIO 6 193H b�ltisth sun�rthsh metafor�c d�netai ap� thn ex�swsh:Ĥxoyo = PxyP�1yoyo = P�g�gP�go�go � H��gH!�g � (6.169)kai h telik� sq�sh:X̂o = ĤxoyoYo = (P�go�go � Pmm)�GoP�go�go � H��gH!�g � ; (6.170)�pou H��g kai H!�g e�nai oi sunart�seic ap�krishc suqn�thtac, oi opo�ec sund�oun jewrh-tik� ta s�mata eis�dou kai ex�dou. Sto par�deigma oi sunart�seic aut�c e�nai oi pur�necVening-Meinesz sto q�ro twn suqnot�twn. Telik�, h sun�rthsh pukn�thtac f�smatoc toujor�bou sthn �xodo Pêê gr�fetai wc ex�c:Pêê = � Pê� ê� Pêxê!Pê! êx Pê! ê! � =(P�go�go � Pmm) � H��gH!�g ��1� 1� ��� H���g H�!�g �� � H��g H!�g � P�go�go � PmmP�go�go �+Pmm(P�go�go � Pmm)P�go�go � H2��g H��gH�!�gH!�gH���g H2!�g �)Pêê = Pmm(P�go�go � Pmm)P�go�go � H2��g H��gH�!�gH!�gH���g H2!�g � : (6.171)Par�deigma 4. H efarmog� thc jewr�ac twn susthm�twn sthn epexergas�a twn parathr�-sewn thc ap� a�ra baruthmetr�ac parousi�zetai stic anafor�c [38], [37] kai [39]. Stic efar-mog�c aut�c qrhsimopoi�jhkan dedom�na prosomo�wshc kai melet�jhke to apotelesmatik�filtr�risma twn metro�menwn sunistws�n tou diataraktiko� dunamiko�. H epexergas�a twnmetro�menwn sunistws�n tou diataraktiko� dunamiko� parousi�zetai sto sq�ma 6.16. Stic
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194 JEWRIA SUSTHMATWNS�mfwna me thn paradoq� aut�, Tx, Ty kai Tz e�nai oi treic sunist�sec tou dian�smatoc thcdiataraq�c thc bar�thtac kai or�zontai s�mfwna me:Tx = @T=@x Ty = @T=@y Tz = @T=@z: (6.172)Ta dian�smata twn shm�twn eis�dou kai ex�dou e�nai:Xo = 24 TxoTyoTzo 35 Yo = 24 T 0xoT 0yoT 0zo 35 (6.173)S�mfwna me touc Wu and Sideris [38] kai Wu [37], h ekt�mhsh thc sun�rthshc pukn�thtacf�smatoc twn dedom�nwn eis�dou kai ex�dou e�nai dunat� na basiste� sto metasqhmatism�Fourier tou diataraktiko� dunamiko� thc bar�thtac PTT :Pxy = 4�PTT 24 u2 uv �juquv v2 �jvq�juq �jvq q2 35 ; (6.174)�pou u kai v e�nai oi suqn�thtec, oi opo�ec antistoiqo�n sta x kai y, j e�nai h fantastik�mon�da (j = p�1) kai q = pv2 + u2. Eidik�c diadikas�ec akoloujo�ntai gia thn pros�ggishtou jor�bou, oi opo�ec ja analujo�n sth sun�qeia. Sto sugkekrim�no par�deigma oi su-nart�seic pukn�thtac f�smatoc tou jor�bou sthn e�sodo prok�ptoun akolouj�ntac mont�lathc morf�c [38]: Pvv = Af2 +W (6.175)Phh = Bf4 +W; (6.176)�pou Pvv e�nai h sun�rthsh pukn�thtac f�smatoc thc katak�rufhc sunist�sac, Phh hant�stoiqh sun�rthsh twn oriz�ntiwn sunistws�n, f e�nai h suqn�thta, A, B kai W e�naioi stajer�c tou mont�lou. H telik� l�sh kai h sun�rthsh pukn�thtac f�smatoc sthn �xodod�nontai ap� thn (6.150).Par�deigma 5. D�netai �na par�deigma sunduasmo� eterogen�n dedom�nwn me skop� tob�ltisto prosdiorism� en�c mont�lou geweido�c se jal�ssia perioq�. Wc dedom�na eis�doulamb�nontai metr�seic anwmali�n bar�thtac (�g) pou pro�rqontai ap� jal�ssiec metr�seicbar�thtac kai apoq�c tou geweido�c pou lamb�nontai met� ap� epexergas�a altimetrik�ndedom�nwn diaf�rwn doruforik�n apostol�n (p.q., NT=P , NERS1, NERS2). To pl�joctwn altimetrik�n apostol�n epitr�pei th qr�sh meg�lou arijmo� metr�sewn uyom�trwn thcepif�neiac thc j�lassac. Ta parap�nw uy�metra, afo� diorjwjo�n ap� th stajer� su-nist�sa thc jal�ssiac topograf�ac, �pwc ja parousiaste� sto kef�laio twn efarmog�n,apotelo�n ta dedom�na eisagwg�c sto s�sthma:Yo = 2664 NT=PoNERS1oNERS2o�Go 3775 = 2664 NT=P +MNT=PNERS1 +MNERS1NERS2 +MNERS2�G+M�g 3775 ; (6.177)M = 2664 MNT=PMNERS1MNERS2M�g 3775 : (6.178)H diaforopo�hsh tou sust�matoc pou parousi�zetai sto sugkekrim�no par�deigma se s�gkri-sh me ta sust�mata pou �qoun �dh analuje� sqet�zetai me ton prosdiorism� twn sunart�sewn



KEFALAIO 6 195pukn�thtac f�smatoc twn dedom�nwn. 'Oson afor� stic anwmal�ec bar�thtac �g o prosdio-rism�c akolouje� ta mont�la pou �qoun anaferje� prohgoum�nwc. Sthn per�ptwsh twn alti-metrik�n metr�sewn parousi�zetai h dunat�thta prosdiorismo� thc sun�rthshc pukn�thtacf�smatoc tou jor�bou, afo� e�nai dunat� h ap�kthsh periss�terwn thc miac deigmatik�ntim�n. En� stic metr�seic bar�thtac �lec oi statistik�c pos�thtec pou aforo�n sto ped�oprosdior�zontai me th bo�jeia miac deigmatik�c tim�c, oi epanalamban�menec troqi�c twn al-timetrik�n doruf�rwn d�noun th dunat�thta epipl�on diadikasi�n [24], oi opo�ec anal�jhkansto kef�laio 2.Wc dedom�na ex�dou e�nai dunat� na lhfjo�n apoq�c tou geweido�c � ak�mh kai anwmal�ecbar�thtac, oi opo�ec prok�ptoun ap� ton b�ltisto sunduasm� epifaneiak�n kai doruforik�ndedom�nwn. Ta dian�smata twn shm�twn ex�dou d�nontai wc ex�c:X = � N�G0 � ;E = � ENE�g0 � : (6.179)Sthn parap�nw per�ptwsh e�nai dunat� h k�luyh meg�lwn jal�ssiwn perioq�n me plhro-for�ec gia to ped�o bar�thtac kai o prosdiorism�c en�c akribo�c jal�ssiou geweido�c uyhl�can�lushc. H l�sh prok�ptei telik� s�mfwna me tic sq�seic:� N�G0 � = � HNoNT=Po HNoNERS1o HNoNERS2o HNoN�goH�g0oNT=Po H�g0oNERS1o H�g0oNERS2o H�g0o�g � �0BB@2664 NT=PNERS1NERS2�g 3775+ 2664 MNT=PMNERS1MNERS2M�g 37751CCA+ � ENE�g0 � (6.180)'Estw �ti j�ruboi kai s�mata e�nai pos�thtec asusq�tistec metax� touc. O b�ltistocp�nakac metafor�c Ĥxoyo d�netai ap� mia sq�sh an�logh me thn (6.148), �pouĤxoyo = � HNoNT=Po HNoNERS1o HNoNERS2o HNoN�goH�g0oNT=Po H�g0oNERS1o H�g0oNERS2o H�g0o�g � (6.181)Pxx = 2664 PT=PT=P PT=PERS1 PT=PERS2 PT=P�gPERS1T=P PERS1ERS1 PERS1ERS2 PERS1�gPERS2T=P PERS2ERS1 PERS2ERS2 PERS2�gP�gT=P P�gERS1 P�gERS2 P�g�g 3775 (6.182)Pmm = 2664 PmT=PmT=P PmT=PmERS1 PmT=PmERS2 PmT=Pm�gPmERS1mT=P PmERS1mERS1 PmERS1mERS2 PmERS1m�gPmERS2mT=P PmERS2mERS1 PmERS2mERS2 PmERS2m�gPm�gmT=P Pm�gmERS1 Pm�gmERS2 Pm�gm�g 3775 : (6.183)Ak�mh, me thn up�jesh �ti o j�ruboc sthn e�sodo kai to s�ma ex�dou e�nai pos�thtecasusq�tistec, isq�ei:Pxyo = Pxy = � PNNT=P PNNERS1 PNNERS2 PN�gP�g0NT=P P�g0NERS1 P�g0NERS2 P�g0�g � (6.184)H diadikas�a pou anaf�retai sto sugkekrim�no par�deigma e�nai dunat� na akoloujhje�kai thn per�ptwsh twn metr�sewn GPS kai gewmetrik�c qwrost�jmhshc. Ta uy�metra GPSpou prok�ptoun mpore� na antimetwpisto�n an�loga me ta �yh thc jal�ssiac epif�neiacpou d�nontai ap� touc altimetriko�c doruf�rouc. S�mfwna me th jewr�a, oi altimetrik�cmetr�seic apotelo�n tic ant�stoiqec metr�seic GPS�qwrost�jmhshc sto jal�ssio perib�l-lon, di�ti kai ta d�o e�dh metr�sewn par�qoun uy�metra ap� thn epif�neia tou geweido�c. Hbasik� diafor� touc se sq�sh me th j�sh tou pompo� kai d�kth twn shm�twn sqet�zetai me



196 JEWRIA SUSTHMATWNth diakritik� ik�n�thta twn metr�sewn kai thn eukol�a kai taq�thta sth m�trhsh. Sthnper�ptwsh twn altimetrik�n metr�sewn, pomp�c kai d�kthc twn palm�n e�nai o altime-trik�c doruf�roc kai oi metr�seic anaf�rontai se k�je shme�o tou �qnouc tou sth g�inhepif�neia. Sthn per�ptwsh twn dedom�nwn GPS�qwrost�jmhshc, an kai o pomp�c e�nai todoruforik� s�sthma, oi metr�seic anaf�rontai m�no sto shme�o thc g�inhc epif�neiac, �pouup�rqei kai o ant�stoiqoc d�kthc. H antimet�pish twn metr�sewn GPS�qwrost�jmhshc meth bo�jeia thc jewr�ac twn susthm�twn perior�zetai ap� th qamhl� diakritik� ikan�thtatwn metr�sewn. Parade�gmata prosomoi�sewn kai an�lushc pragmatik�n dedom�nwn pa-rousi�zontai sto kef�laio 7.Par�deigma 6. To teleuta�o par�deigma efarmog�c thc genikeum�nhc jewr�ac twn su-sthm�twn eis�dou � ex�dou anaf�retai sth diadikas�a prosdiorismo� tou s�matoc thc duna-mik�c wke�niac topograf�ac � thc topograf�ac thc jal�ssiac epif�neiac (Dynamic OceanTopography{DOT, Sea Surface Topography{SST). Sthn per�ptwsh aut� pragmatopoie�taio b�ltistoc sunduasm�c dedom�nwn jal�ssiac baruthmetr�ac kai doruforik�c altimetr�ac.'Estw t e�nai to s�ma ex�dou thc dunamik�c jal�ssiac topograf�ac kai si e�nai ta �yh thcjal�ssiac st�jmhc, �pwc aut� prok�ptoun ap� n diaforetik�c altimetrik�c apostol�c. Tadian�smata twn shm�twn eis�dou kai ex�dou d�nontai wc ex�c:Yo = 26664 S1o...S2o�go 37775 Xo = 2666664 ToS01o...S02o�G0o
3777775 (6.185)To genikeum�no s�sthma tou parade�gmatoc parousi�zetai sto sq�ma 6.17. O p�nakac twn
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3777775 : (6.186)Ta stoiqe�a tou p�naka e�nai dunat� na upologisto�n akolouj�ntac thn an�lush twn ana-



KEFALAIO 6 197for�n [3] kai [1]:Ptsi = TS�i = ( �S �N)S�i = S1 + � � �+ Snn S�i �HN�g�GS�i == Ps1si + � � �+ Psnsin �HN�gP�gsi (6.187)Sthn per�ptwsh pou h mh �parxh susq�tishc anaf�retai sto s�nolo twn shm�twn kai twnjor�bwn eis�dou, t�te isq�ei h genikeum�nh morf�:P�gsi = P�gosio : (6.188)Oi sunart�seic pukn�thtac f�smatoc twn altimetrik�n uy�n thc jal�ssiac st�jmhc upo-log�zontai s�mfwna me:Ps0isj = � i = j Ps0isi = Psisi = Psiosio � Pmsimsii 6= j Ps0isj = Psisj = Psiosjo � (6.189)Sthn paro�sa efarmog� o p�nakac twn sunart�sewn pukn�thtac f�smatoc twn jor�bwn twnmetr�sewn e�nai dunat� na upologiste� qrhsimopoi�ntac thn epanalamban�menh plhrofor�atwn akrib�c epanalamban�menwn troqi�n, �pwc perigr�fetai kai ap� touc Andritsanos et al.[2]. O p�nakac twn sunart�sewn pukn�thtac f�smatoc twn metr�sewn upolog�zetai �mesaap� tic parathr�seic kai �qei th morf�:Pyoyo = 26664 Ps1os1o � � � Ps1osno Ps1o�go... . . . ... ...Psnos1o � � � Psnosno Psno�goP�gos1o � � � P�gosno P�go�go 37775 : (6.190)H telik� l�sh d�netai ap� thn (6.150). H ekt�mhsh tou p�naka twn sunart�sewn pukn�thtacf�smatoc den e�nai dunat� na pragmatopoihje�: h sun�rthsh s�ndeshc, h opo�a en�nei jew-rhtik� ta s�mata twn uy�n thc jal�ssiac st�jmhc kai twn anwmali�n thc bar�thtac dene�nai gnwst�. H m�nh plhrofor�a, me thn opo�a mpore� na sugkrije� h ekt�mhsh thc dunamik�cjal�ssiac topograf�ac e�nai h s�gkrish me wkeanografik�c ektim�seic thc jal�ssiac topo-graf�ac. T�toiec sugkr�seic e�nai dunat� na pragmatopoihjo�n qrhsimopoi�ntac anapt�xeicsfairik�n armonik�n twn dedom�nwn tou wkeanografiko� �tlanta tou Levitus [11], [12], oiopo�ec parousi�sthkan ap� ton Engelis [9] � thn an�ptuxh tou par�llhlou mont�lou wke�niackuklofor�ac (POCM-4B, bl. kef. 5), h opo�a parousi�sthke ap� touc Pavlis et al. [23].6.5 To pr�blhma tou jor�bouH jemeli�dhc duskol�a sth diadikas�a twn l�sewn pou parousi�sthkan prohgoum�nwc sqe-t�zetai me th stoqastik� f�sh tou jor�bou twn metr�sewn. Eidik�tera, se s�gkrish me thshmeiak� prosarmog�, h sun�rthsh pukn�thtac auto-f�smatoc tou jor�bou Pmm sto s�maeis�dou pr�pei na e�nai gnwst� [bl. qr�sh tou Pmm sthn (6.82)]. Sthn pr�xh, �mwc, m�nonoi metablht�thtec twn metr�sewn e�nai gnwst�c kai �qi ta �dia ta sf�lmata. Ta teleuta�ajewro�ntai tim�c thc tuqa�ac metablht�c [41]:v = b� x; (6.191)�pou v h tuqa�a metablht� pou perigr�fei ta sf�lmata, b oi metro�menec pos�thtec kai x hpragmatik� tim� tou metro�menou meg�jouc. Ap� th stigm� pou oi metablht�thtec all�zounap� shme�o se shme�o o exwterik�c j�ruboc pou eis�getai stic parathr�seic den apotele�m�roc st�simhc stoqastik�c diadikas�ac [29]. To gegon�c aut� peripl�kei th l�sh sto q�ro



198 JEWRIA SUSTHMATWNtwn suqnot�twn, �pou, pl�on, oi apl�c algebrik�c exis�seic metatr�pontai se oloklhrwma-tik�c sq�seic [25]. H l�sh prosdior�zetai met� ap� pol�plokouc upologismo�c, oi opo�oikatargo�n ton aplopoihm�no fasmatik� qarakt�ra. H diadikas�a g�netai ex�sou pol�plokhme th l�sh sto q�ro twn apost�sewn m�sw shmeiak�c prosarmog�c. Ton�zetai �ti sthshmeiak� prosarmog� h anuparx�a stasim�thtac den apotele� pr�blhma ap� th stigm� pouoi �diec oi metablht�thtec eis�rqontai sth diadikas�a thc l�shc m�sw tou diagwn�ou p�nakaCnn [16].Ep�shc, oi diast�seic twn pin�kwn sthn per�ptwsh thc shmeiak�c prosarmog�c e�naidiaforetik�c ap� tic diast�seic twn ant�stoiqwn pin�kwn stic fasmatik�c l�seic pou pa-rousi�sthkan. E�n, p.q., �na ped�o dedom�nwn n�m diast�sewn antimetwpiste� me tic fasma-tik�c jewr�ec oi p�nakec twn sunart�sewn pukn�thtac fasm�toc ja e�nai ep�shc diast�sewnn � m. Sthn per�ptwsh thc shmeiak�c prosarmog�c ta dedom�na eis�gontai sth morf�dian�smatoc n � m � 1 kai oi ant�stoiqec sunart�seic summetablht�thtac e�nai p�nakecdiast�sewn n �m� n �m. Exait�ac twn parap�nw, den e�nai dunat� na prosdioriste� �mesao p�nakac twn sunart�sewn pukn�thtac f�smatoc Pmm ap� to metasqhmatism� Fourier twnsunart�sewn Cnn, kaj�c oi upotij�menec mhdenik�c m�sec tim�c twn dedom�nwn metatr�pountic Cnn se sunart�seic susq�tishc.O j�ruboc stic parathr�seic mpore� na eisaqje� me treic kur�wc tr�pouc:6.5.1 Prosomo�wsh tuqa�ou jor�bouH prosomo�wsh mpore� na pragmatopoihje� me th bo�jeia eidiko� progr�mmatoc�genn�triactuqa�wn arijm�n (random noise generator). H sun�jhc katanom� pou akoloujo�n ta tuqa�asf�lmata e�nai h kanonik� katanom� � katanom� Gauss (normal or Gaussian distribu-tion). H sun�rthsh pukn�thtac thc kanonik�c katanom�c d�netai ap� th sq�sh [20], [41]:f(x) = 1�p2� e�(x��)2=2�2 ; (6.192)�pou � h tupik� ap�klish thc tuqa�ac metablht�c, x h tim�c thc tuqa�ac metablht�c kai �h m�sh tim�. H kanonik� katanom� e�nai h suqn�tera emfaniz�menh katanom� tuqa�wn meta-blht�n sth f�sh, all� �qi kai h monadik�. O j�ruboc pou eis�goume stic metr�seic mpore�na akolouje� kai k�poia �llh morf� katanom�c, �pwc e�nai, p.q., h omogen�c katanom�(uniform distribution) me sun�rthsh pukn�thtac thc katanom�c [20]:f(x) = 8<: 1x2�x1 x1 � x � x20 diaforetik� (6.193)'Allec morf�c katanom�n pou ja dokimasto�n sto kef�laio twn efarmog�n e�nai h diwnu-mik� katanom� (binomial distribution) me sun�rthsh pukn�thtac [20]:f(x) = nXk=0� nm � pkqn�k�(x� k); (6.194)�pou �(x � k) h sun�rthsh d�lta tou Dirac, n h t�xh thc katanom�c kai p+ q = 1. 'Alleckatanom�c pou mporo�n na qrhsimopoihjo�n e�nai h katanom� Laplace kai h katanom�Cauchy [20], [21]. Shmei�netai �ti h morf� twn katanom�n pou qrhsimopoio�ntai e�naisummetrik� wc proc ton �xona twn tetagm�nwn kai h m�gisth tim� touc lamb�netai gia f(0).H genn�tria tuqa�wn arijm�n dhmiourge� to ped�o tou jor�bou me diast�seic �diec touped�ou twn dedom�nwn, pou qarakthr�zetai ap� mhdenik� m�sh tim� kai metablht�thtac �. Hmetablht�thta tou jor�bou prok�ptei apeuje�ac ap� ton p�naka (sum)metablhtot�twn twnsfalm�twn twn parathr�sewn.



KEFALAIO 6 1996.5.2 St�sima mont�la prosomo�wshc thc sun�rthshc pukn�thtacf�smatocH prosomo�wsh tou jor�bou den apotele� mia austhr� majhmatik� diergas�a. H sun�rthshpukn�thtac auto-f�smatoc tou jor�bou Pmm mpore� na proseggiste� me th bo�jeia mont�lwnstasim�thtac. Ta mont�la aut� apotelo�n ekfr�seic twn sunart�sewn pukn�thtac f�-smatoc, oi opo�ec den prok�ptoun ap� thn an�lush pragmatik�n dedom�nwn, all� e�naiapotel�smata tim�n majhmatik�n sunart�sewn kat�llhlwn idiot�twn. H an�lush prag-matik�n dedom�nwn jor�bou e�nai ad�nath, afo� ta sf�lmata twn metr�sewn e�nai �gnw-sta. 'Etsi, p.q., an jewrhje� �ti o j�ruboc stic metr�seic e�nai mia st�simh stoqastik�diadikas�a (bl. kef. 2) me sun�rthsh (auto)susq�tishc pou perigr�fetai ap� �na s�maap�krishc palmo�, t�te h sun�rthsh pukn�thtac f�smatoc tou jor�bou ja �qei mia stajer�tim�. H per�ptwsh aut� onom�zetai leuk�c j�ruboc (white noise). Ak�mh, an jewrhje��ti sun�rthsh pukn�thtac f�smatoc tou jor�bou den �qei stajer� tim�, t�te o j�ruboconom�zetai qrwmatism�noc j�ruboc (colored noise). Periss�tera gia th di�krish s�matoc-jor�bou d�nontai ap� touc [20], [21], [35], [22], [36].6.5.3 Prosdiorism�c sun�rthshc pukn�thtac f�smatoc tou jor�bouSthn per�ptwsh metr�sewn tou ped�ou bar�thtac, oi parathr�seic jewro�ntai tim�c miac mo-nadik�c dokim�c en�c peir�matoc. H �nnoia thc ergodik�thtac, pou eis�getai sth jewr�a touped�ou bar�thtac, epitr�pei thn axiopo�hsh twn idiot�twn tou ped�ou me qr�sh m�ac kai m�nhcdeigmatik�c tim�c. Antij�twc, to gegon�c aut� duskole�ei ton prosdiorism� thc sun�rthshcpukn�thtac auto-f�smatoc tou jor�bou Pmm, afo� e�nai apara�thtec periss�terec deigma-tik�c tim�c tou ped�ou. Sthn per�ptwsh tou ped�ou bar�thtac to gegon�c aut� mpore� naulopoihje� an epanalhfjo�n oi metr�seic se diaforetik�c epoq�c sthn perioq� mel�thc. Hepan�lhyh twn ep�geiwn metr�sewn bar�thtac se diaforetik�c epoq�c e�nai profan�c miadiadikas�a qronob�ra kai praktik� ad�nath na pragmatopoihje� me tic klasik�c metr�seic.Gia to l�go aut�n, gia ton prosdiorism� thc sun�rthshc pukn�thtac f�smatoc tou jor�bouqrhsimopoio�ntai oi teqnik�c pou proanaf�rjhkan. B�baia, me thn ex�lixh twn doruforik�nsusthm�twn parakolo�jhshc kai tic programmatism�nec doruforik�c apostol�c GRACE,CHAMP kai GOCE m�sa sto 2000 � arg�tera, oi opo�ec wc �meso skop� touc �qoun thbeltistopo�hsh sth m�trhsh twn uyhl�n suqnot�twn tou ped�ou bar�thtac, oi epanalam-ban�menec metr�seic bar�thtac ja e�nai m�a pragmatik�thta. Me th di�jesh twn metr�sewntwn baruthmetrik�n doruf�rwn h antimet�pish ja akolouj�sei pl�on tic teqnik�c thc al-timetr�ac. Sthn per�ptwsh altimetrik�n dedom�nwn, �pwc aut� prok�ptoun ap� epanalam-ban�menec doruforik�c troqi�c, h sun�rthsh pukn�thtac f�smatoc tou jor�bou e�nai du-nat� na prosdioriste�, ef�son oi deigmatik�c tim�c tou peir�matoc e�nai periss�terec thcmiac. Me th bo�jeia twn periss�terwn deigmatik�n tim�n thc stoqastik�c diadikas�ac twnmetr�sewn e�nai pl�on dunat�c o diaqwrism�c tou s�matoc ap� to j�rubo sto ep�pedo twnsunart�sewn pukn�thtac f�smatoc. 'Estw gia par�deigma �ti exet�zontai dedom�na ap�d�o akrib�c epanalamban�mena �qnh troqi�n (exact repeat tracks). Oi Eggraf�c Gewfu-sik�n Dedom�nwn (Geophysical Data Records (GDRs)) pou katagr�fontai perilamb�nounkai tic tim�c uyom�trwn thc epif�neiac thc j�lassac. Oi tim�c aut�c d�nontai sth morf�qronik�n seir�n. Sthn per�ptwsh thc fasmatik�c an�lushc twn metr�sewn oi diadoqik�cqronik�c seir�c antiproswpe�oun tic epanalamban�menec deigmatik�c tim�c miac stoqastik�cdiadikas�ac: h1[k] = N [k] +m1[k] (6.195)h2[k] = N [k] +m2[k];�pou N [k] e�nai to koin� s�ma apoq�n tou geweido�c, amet�blhto me to qr�no, kai m1kai m2 apotelo�n anex�rthtec dokim�c thc stoqastik�c diadikas�ac tou jor�bou, o opo�oc



200 JEWRIA SUSTHMATWNjewre�tai asusq�tistoc me to s�ma twn apoq�n. Epipl�on, h stoqastik� diadikas�a toujor�bou jewre�tai st�simh, t�so sth qwrik�, �so kai sth qronik� kl�maka. H paradoq�aut� isq�ei stic praktik�c efarmog�c ekt�c ap� tic peript�seic {stajer�n} wkeanografik�nqarakthristik�n, �pwc, p.q., sthn per�ptwsh en�c isquro� re�matoc, �pwc to Gulf Stream,� en�c arg� kino�menou re�matoc, tou opo�ou h k�nhsh den mpore� na diakrije� exet�zontacdiaforetik�c troqi�c di�rkeiac l�gwn hmer�n. Se t�toiec peript�seic �na wkeanografik�qarakthristik�, {j�ruboc} gia th gewdais�a, to opo�o metakine�tai pol� arg�, mpore� nalhfje� esfalm�na wc s�ma wke�niou geweido�c pou de metab�lletai qronik�. H up�jesh mh�parxhc susqet�sewn metax� jor�bou kai s�matoc apoq�n tou geweido�c e�nai sqed�n p�ntaalhj�c ekt�c span�wn peript�sewn, p.q., uyhl�n sfalm�twn l�gw aktinik�n troqiak�nepitagq�sewn [24]. Oi sunart�seic pukn�thtac f�smatoc metax� d�o diadoqik�n troqi�npr�pei na e�nai �sec kai h sun�rthsh pukn�thtac f�smatoc tou {kajaro�} s�matoc kai toujor�bou na sund�ontai me th sq�sh:Ph1 = Ph2 = PN + Pm: (6.196)Me ton tr�po aut�n e�nai dunat� na ektimhje� h sun�rthsh pukn�thtac f�smatoc tou jor�bouap� mia qronik� seir� metr�sewn pragmatopoi�ntac diadoqik�c afair�seic an�mesa sta epa-nalamban�mena s�mata. Lamb�nontac tic diafor�c metax� diadoqik�n metr�sewn opoiod�po-te s�ma jewre�tai amet�blhto me thn p�rodo tou qr�nou (�pwc e�nai to {kajar�} s�ma twnapoq�n tou geweido�c) exale�fetai kai apom�nei to dipl�sio thc pukn�thtac tou jor�bou.'Etsi [24]: h1 � h2 = m1 �m2 )(H1 �H2)�(H1 �H2) = (M1 �M2)�(M1 �M2))Ph1�h2 = Pm1 + Pm2 = 2Pm )Pm = 12Ph1�h2 : (6.197)Ap� tic (6.196) kai (6.197) fa�netai o tr�poc diaqwrismo� thc sun�rthshc pukn�thtacf�smatoc tou s�matoc ap� ton j�rubo. H sun�rthsh pukn�thtac f�smatoc tou s�matocmpore� na prok�yei lamb�nontac ton m�so �ro twn diadoqik�n altimetrik�n metr�sewn kaiafair�ntac th sun�rthsh pukn�thtac f�smatoc tou jor�bou, s�mfwna me:PN = 12[Ph1 + Ph2 ]� Pm (6.198)'Enac kal�teroc tr�poc gia to diaqwrism� tou s�matoc ap� to j�rubo e�nai h katarq�n�jroish twn metr�sewn twn diadoqik�n troqi�n kai sth sun�qeia h ekt�mhsh thc sun�rthshcpukn�thtac f�smatoc tou ajro�smatoc. Ta epanalamban�mena �qnh peri�qoun to stajer�s�ma thc apoq� tou geweido�c N , op�te to �jroisma aut�n ja perilamb�nei d�o for�c to{kajar�} s�ma kai t�sseric for�c th sun�rthsh pukn�thtac s�mfwna me:h1 + h2 = N +N +m1 +m2 )(H1 +H2)�(H1 +H2) = (N +N +M1 +M2)�(N +N +M1 +M2))Ph1+h2 = 4PN + 2Pm (6.199)Sundu�zontac th sq�sh (6.197) kai thn (6.199) prosdior�zetai h sun�rthsh pukn�thtacf�smatoc tou s�matoc twn apoq�n tou geweido�c s�mfwna me:PN = 14[Ph1+h2 � Ph1�h2 ]: (6.200)H sq�sh (6.200) se s�gkrish me thn (6.198) odhge� se pio axi�pista apotel�smata. Oi d�osq�seic d�noun �moia apotel�smata gia m�kh k�matoc megal�tera twn 100 km [24].



KEFALAIO 6 201Sth sun�qeia prote�nontai d�o diaforetik�c m�jodoi upologismo� thc sun�rthshc pukn�-thtac f�smatoc tou jor�bou eis�dou, oi opo�ec anaf�rontai gia pr�th for� sthn paro�saergas�a. O pr�toc tr�poc upologismo� thc sun�rthshc pukn�thtac f�smatoc tou jor�boue�nai h qr�sh perissot�rwn epanalamban�menwn metr�sewn. To pl�joc twn metr�sewn pr�peina or�zetai �tsi, �ste ap� th stigm� thc pr�thc m�trhshc m�qri th stigm� thc teleuta�ac,na isq�ei h stasim�thta tou s�matoc thc apoq�c tou geweido�c. To s�nolo twn metr�sewndiaqwr�zetai se d�o kl�seic, an�loga me to pl�joc kai tic a-priori plhrofor�ec twn de-dom�nwn. O diaqwrism�c stic d�o kl�seic sqet�zetai me thn apaloif� tou koino� s�matocthc apoq�c tou geweido�c gia ton prosdiorism� thc sun�rthshc pukn�thtac f�smatoc toujor�bou. 'Estw, p.q., �ti K metr�seic katat�ssontai sthn pr�th kl�sh kai L sth de�terh.Isq�oun: 1K KXi=1 hi = N + 1K KXi=1mi1L LXj=1 hj = N + 1L LXj=1mj (6.201)Ajro�zontac tic d�o kl�seic �qoume:�hi + �hj = N +N + �mi + �mj (6.202)�hi � �hj = �mi � �mj ; (6.203)�pou �hi, �hj oi m�soi �roi twn metr�sewn twn d�o kl�sewn kai �mi, �mj oi m�soi �roi toujor�bou stic d�o kl�seic. Gia ton prosdiorism� thc sun�rthshc pukn�thtac f�smatoc tous�matoc �qoume:( �Hi + �Hj)�( �Hi + �Hj) = (2N + �Mi + �Mj)�(2N + �Mi + �Mj)( �Hi � �Hj)�( �Hi � �Hj) = ( �Mi � �Mj)�( �Mi � �Mj))P�hi+�hj = 4PN + 2PmP�hi��hj = 2Pm )PN = 14[P�hi+�hj � P�hi��hj ] (6.204)O de�teroc tr�poc upologismo� sqet�zetai me tic efarmog�c pros�ggishc thc jal�ssiactopograf�ac. Sthn per�ptwsh qrhsimopo�hshc altimetrik�n dedom�nwn gia ton upologism�thc dunamik�c jal�ssiac topograf�ac, o upologism�c twn sunart�sewn pukn�thtac f�sma-toc twn shm�twn kai twn jor�bwn sthn e�sodo pragmatopoie�tai me ant�stoiqo tr�po. Oiepanalamban�menec troqi�c par�qoun th dunat�thta mel�thc en�c pollaplo� de�gmatoc tim�n.H epanalamban�menh m�trhsh twn uy�n thc jal�ssiac st�jmhc gr�fetai wc [2]:hi = h+��i + ni; (6.205)�pou hi e�nai oi altimetrik�c parathr�seic, diorjwm�nec ap� troqiak�, gewfusik� kai pe-riballontik� sf�lmata, �pwc perigr�fontai sto kef�laio 3, h e�nai to anex�rthto ap� thqronik� par�metro m�roc thc altimetrik�c ex�swshc, dhlad� to s�ma tou geweido�c kai tost�simo m�roc thc dunamik�c jal�ssiac topograf�ac, ��i e�nai to qronik� metaball�menom�roc thc dunamik�c jal�ssiac topograf�ac kai ni e�nai to sf�lma thc altimetrik�c pa-rat�rhshc. An jewrhje� �ti oi apokl�seic ap� to staj�ro m�roc thc dunamik�c jal�ssiactopograf�ac ��i akoloujo�n mia tuqa�a katanom� kai ta ��i kai ni e�nai asusq�tista, t�temia n�a tuqa�a metablht� ei e�nai dunat� na eisaqje� stouc upologismo�c:��i + ni = ei: (6.206)



202 JEWRIA SUSTHMATWNH n�a metablht� peri�qei statistik� plhrofor�a gia to sf�lma thc altimetrik�c parat�-rhshc, �pwc ep�shc kai gia to jewro�meno wc tuqa�wc qronik� metaball�meno m�roc thcjal�ssiac topograf�ac. Metasqhmat�zontac sto q�ro twn suqnot�twn kai afair�ntack�je ex�swsh parat�rhshc ap� thn prohgo�men� thc lamb�nontai k exis�seic diafor�n [2]:Hi �Hi+1 = Ei �Ei+1 i = 1; : : : ; k (6.207)H sun�rthsh pukn�thtac f�smatoc tou jor�bou sthn e�sodo e�nai dunat� na upologiste�qrhsimopoi�ntac th suzug� migadik� morf� thc prohgo�menhc ex�swshc, pollaplasi�zontackai jewr�ntac asusq�tistouc touc jor�bouc:k(Pekek + Pek+1ek+1) = 2k �Pee =kXi=1(Hk �Hk+1)(Hk �Hk+1)� )�Pee = 12k kXi=1 Phi�hi+1 (6.208)H sun�rthsh pukn�thtac f�smatoc tou jor�bou sthn e�sodo upolog�zetai �mesa m�sw thc(6.208) ap� tic exis�seic parat�rhshc. H sun�rthsh pukn�thtac pou upolog�zetai ap� thn(6.208) perigr�fei th m�sh statistik� sumperifor� tou jor�bou sthn e�sodo kat� th qronik�per�odo thc mel�thc. 'Ena m�so ped�o parathr�sewn, pou qrhsimopoie�tai sth sugkekrim�nhqronik� per�odo, odhge� sthn ekt�mhsh thc m�shc sun�rthshc pukn�thtac f�smatoc twnparathr�sewn �Phoho .Sthn per�ptwsh thc sun�rthshc pukn�thtac f�smatoc twn {kajar�n} shm�twn sthn e�-sodo e�nai apara�thtoc �nac eidik�c upologism�c. Apl� afa�resh thc m�shc sun�rthshcpukn�thtac f�smatoc tou jor�bou ap� thn ant�stoiqh sun�rthsh twn parathr�sewn odhge�se lanjasm�na apotel�smata, afo�, stic praktik�c efarmog�c, kami� ap� tic parak�twparadoq�c den e�nai alhj�c:�Phoho � �Pee = Phh + Phe + Peh; Phe; Peh 6= 0 (6.209)H ekt�mhsh thc m�shc sun�rthshc pukn�thtac f�smatoc tou {kajaro�} s�matoc upolog�zetaime kat�llhlh prosjetik� diadikas�a thc ex�swshc (6.205) qrhsimopoi�ntac ta apotel�smatathc (6.208): Hi +Hi+1 = 2H +Ei +Ei+1 i = 1; : : : ; k )kXi=1 Phi+hi+1 = 4k �Phh + 2k �Pee )�Phh = 14k kXi=1(Phi+hi+1 � Phi�hi+1) (6.210)Ap� tic (6.208) kai (6.210) kai to ped�o twn m�swn parathr�sewn sth qronik� per�odothc mel�thc upolog�zetai m�a ekt�mhsh thc m�shc dunamik�c jal�ssiac topograf�ac sthsugkekrim�nh per�odo. Oi apokl�seic ap� th m�sh jal�ssia topograf�a apomakr�nontaiexait�ac thc eisagwg�c tou qronik� metaball�menou m�rouc sto j�rubo, thc qr�shc touped�ou twn m�swn parathr�sewn kai thc m�shc sun�rthshc pukn�thtac f�smatoc twn {ka-jar�n} shm�twn.6.6 Anakefala�wshSto kef�laio aut� anal�jhke h jewr�a sunduasmo� eterogen�n dedom�nwn, h opo�a bas�zetaisth jewr�a twn susthm�twn eis�dou-ex�dou. Parousi�sthke to jewrhtik� up�bajro kai oi



KEFALAIO 6 203basik�c sunart�seic perigraf�c twn fasmatik�n idiot�twn twn dedom�nwn. Anal�jhkan oisunart�seic suntonismo�, oi opo�ec ekfr�zoun me th grammik�thta twn susthm�twn pouqrhsimopoio�ntai. Anapt�qjhke arqik� h aplo�sterh morf� thc jewr�ac, to s�sthma apl�ceis�dou - apl�c ex�dou qwr�c j�rubo. H parous�a tou jor�bou eis�gage thn anagkai�thtaefarmog�c katall�lwn krithr�wn gia thn ekt�mhsh thc sun�rthshc ap�krishc suqn�thtac,dhlad� thc sun�rthshc s�ndeshc metax� twn shm�twn eis�dou kai ex�dou. H gen�keush twnsusthm�twn kat�lhxe sth an�ptuxh twn genikeum�nwn susthm�twn pollapl�c eis�dou - pol-lapl�c ex�dou me j�rubo, h opo�a anal�jhke se mhtrwik� morf�. Idia�terh �mfash d�jhkesthn an�ptuxh twn telik�n sq�sewn thc ekt�mhshc twn agn�stwn, kaj�c kai thc sun�rthshcpukn�thtac f�smatoc twn sfalm�twn ekt�mhshc se morf� pin�kwn kat�llhlh gia thn ei-sagwg� se algor�jmouc upologismo�. Gia pr�th for� parousi�zontai sthn paro�sa dia-trib� oi sq�seic sunduasmo� eterogen�n dedom�nwn kai oi oloklhrwm�nec ektim�seic twnsunart�sewn perigraf�c twn sfalm�twn. Epipl�on anal�ontai n�ec teqnik�c pros�ggishcthc sun�rthshc pukn�thtac f�smatoc twn sfalm�twn twn altimetrik�n parathr�sewn, meth qr�sh twn idiot�twn thc epanalamban�menhc plhrofor�ac.Sto kef�laio aut� parousi�sthkan jewrhtik� oi sqeseic sunduasmo� metr�sewn touped�ou bar�thtac m�sa ap� parade�gmata. Oi efarmog�c twn sq�sewn pou parousi�sthkananal�ontai m�sa ap� arijmhtik�c efarmog�c prosomo�wshc kai qr�shc pragmatik�n de-dom�nwn sto kef�laio pou akolouje�.
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Kef�laio 7Efarmog�c thc jewr�acsusthm�twn sto b�ltistoprosdiorism� param�trwn touped�ou bar�thtac7.1 Eisagwg�H efarmog� twn mej�dwn b�ltistou sunduasmo� eterogen�n dedom�nwn, kaj�c ep�shc kaitropopoi�seic stic up�rqousec diadikas�ec pros�ggishc sunistws�n tou ped�ou bar�thtacparousi�zontai m�sa ap� mel�tec prosomo�wshc dedom�nwn kai anal�seic pragmatik�n me-tr�sewn. D�netai �mfash sto b�ltisto sunduasm� se peript�seic, t�so jal�ssiwn, �so kaihpeirwtik�n perioq�n. Oi efarmog�c ston Ellhnik� q�ro parousi�zoun thn idiaiter�thtathc taut�qronhc parous�ac hpeirwtik�n kai jal�ssiwn ekt�sewn, k�ti pou epishma�netai sticdiadikas�ec pros�ggishc. Baruthmetrik�, altimetrik� dedom�na kai metr�seic GPS sundu-�zontai b�ltista se metr�seic prosomo�wshc, all� kai se pragmatik�c efarmog�c gia thfasmatik� an�lush kai thn pros�ggish sunistws�n tou ped�ou bar�thtac.7.2 Mel�tec prosomo�wshcO �legqoc twn teqnik�n fasmatiko� sunduasmo� eterogen�n dedom�nwn el�gqetai katarq�nme efarmog�c prosomo�wshc. Stic efarmog�c aut�c ta dedom�na prosomoi�noun thn prag-matik� f�sh tou ped�ou bar�thtac. Me ton tr�po aut�, melet�tai h ep�drash tou jor�bousta dedom�na, h poi�thta twn shm�twn ex�dou, h dunat�thta sunduasmo� hpeirwtik�n kaijal�ssiwn dedom�nwn kai h apotelesmatik�thta twn protein�menwn teqnik�n.7.2.1 Filtr�risma se parathr�seic apoq�n tou geweido�c kai anw-mali�n thc bar�thtacSto par�n pe�rama prosomo�wshc melet�tai h ep�drash thc eisagwg�c tou jor�bou stas�mata eis�dou kai h ikan�thta filtrar�smatoc tou jor�bou ap� �na s�sthma pollaplo�s�matoc eis�dou - pollaplo� s�matoc ex�dou. Par�moia teqnik� gia thn per�ptwsh d�oshm�twn eis�dou kai d�o ex�dou akolouje�tai kai ap� touc Tziavos et al. [40], [43], [39],[41], [42]. Taut�qrona dokim�zontai diaforetiko� t�poi katanom�n gia th genn�tria tuqa�wnarijm�n tou jor�bou eis�dou. Prosegg�zetai t�loc to sf�lma prosdiorismo� tou s�matocsthn �xodo. 209



210 EFARMOGES THS JEWRIAS SUSTHMATWN...Ta �ria thc perioq�c prosomo�wshc e�nai: 45:05� � � � 55:00� kai �55:00� � � ��45:10� kai ta s�mata eis�dou d�nontai se k�nnabo diast�sewn d� = 30 kai d� = 60. Oidiast�seic twn ped�wn e�nai 200�100. Ta statistik� stoiqe�a twn shm�twn eis�dou pa-rousi�zontai ston p�naka 7.1. Sta sq�mata 7.1 kai 7.2 parousi�zontai ta ped�a eis�dou.P�nakac 7.1: Statistik� twn shm�twn eis�dou.T�poc s�matoc M E MT MTS TAApoq�c geweido�c (m) 0.492 -2.058 -0.937 0.990 �0.320Anwmal�ec bar�thtac (mGal) 88.115 -54.968 -2.177 11.174 �10.960M � M�gisth tim�E � El�qisth tim�MT � M�sh tim�MTS � M�so tetragwnik� sf�lmaTA � Tupik� ap�klishTa dedom�na twn jor�bwn eis�dou prosomoi�jhkan qrhsimopoi�ntac genn�tria tuqa�wn
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mGalSq�ma 7.1: To ped�o shm�twn eis�dou twn anwmali�n thc bar�thtac.arijm�n. Akolouj�jhkan d�o e�dh katanom�n: h kanonik� katanom� kai h omogen�c ka-tanom� [49]. Ta ped�a twn jor�bwn dhmiourg�jhkan �tsi, �ste na kal�ptoun tr�a ep�pedatupik�n apokl�sewn. Dhmiourg�jhkan j�ruboi tupik�c ap�klishc 3, 5 kai 10 mGal gia tas�mata eis�dou twn anwmali�n bar�thtac kai 3, 5 kai 10 cm gia ta s�mata eis�dou twnapoq�n geweido�c. Ta statistik� twn parag�menwn jor�bwn, t�so sthn per�ptwsh thckanonik�c, �so kai sthn per�ptwsh omogeno�c katanom�c d�nontai ston p�naka 7.2.To ped�o tou jor�bou sta s�mata twn apoq�n tou geweido�c sthn per�ptwsh omo-geno�c katanom�c kai TA 3 cm, kaj�c ep�shc kai to ant�stoiqo ped�o gia tic anwmal�ecthc bar�thtac sthn per�ptwsh kanonik�c katanom�c kai TA 10 mGal d�nontai sta sq�mata7.3 kai 7.4, ant�stoiqa.S�mata kai j�ruboi eis�gontai sto s�sthma dipl�c eis�dou - dipl�c ex�dou pou pe-rigr�fhke sto kef�laio 6. Oi j�ruboi prost�jentai sta kajar� s�mata sto q�ro twn
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mSq�ma 7.2: To ped�o shm�twn eis�dou twn apoq�n tou geweido�c.P�nakac 7.2: Ta statistik� twn jor�bwn prosomo�wshc.Kanonik� katanom�T�poc s�matoc M E MT MTS TAJ�ruboc stic apoq�c (TA 0.03 m) 0.124 -0.103 0.000 0.030 �0.030J�ruboc stic apoq�c (TA 0.05 m) 0.189 -0.183 0.000 0.050 �0.050J�ruboc stic apoq�c (TA 0.10 m) 0.464 -0.386 -0.001 0.100 �0.100J�ruboc stic anwmal�ec (TA 3 mGal) 22.144 -21.963 -0.026 5.023 �5.023J�ruboc stic anwmal�ec (TA 5 mGal) 11.479 -11.700 -0.025 3.017 �3.017J�ruboc stic anwmal�ec (TA 10 mGal) 44.289 -43.926 -0.060 10.046 �10.046Omogen�c katanom�T�poc s�matoc M E MT MTS TAJ�ruboc stic apoq�c (TA 0.03 m) 0.052 -0.052 0.000 0.030 �0.030J�ruboc stic apoq�c (TA 0.05 m) 0.085 -0.085 0.001 0.049 �0.049J�ruboc stic apoq�c (TA 0.10 m) 0.170 -0.170 -0.001 0.099 �0.099J�ruboc stic anwmal�ec (TA 3 mGal) 5.190 -5.189 -0.004 3.004 �3.004J�ruboc stic anwmal�ec (TA 5 mGal) 8.650 -8.650 0.057 4.994 �4.994J�ruboc stic anwmal�ec (TA 10 mGal) 17.298 -17.294 -0.023 10.001 �10.001suqnot�twn kai oi dhmiourgo�menec parathr�seic qrhsimopoio�ntai gia thn pros�ggishthc b�ltisthc sun�rthshc ap�krishc suqn�thtac. O p�nakac twn sunart�sewn pukn�thtacf�smatoc twn dedom�nwn upolog�zetai qrhsimopoi�ntac thn apeuje�ac m�jodo upologismo�(periodogram) kai tic dhmiourgo�menec parathr�seic, en� o p�nakac twn sunart�sewn pu-kn�thtac f�smatoc metax� twn shm�twn eis�dou kai ex�dou prosdior�zetai qrhsimopoi�ntacta kajar� s�mata. Sthn per�ptwsh efarmog�n me pragmatik� dedom�na, �pou ta kajar�s�mata e�nai �gnwsta, qrhsimopoio�ntai, �pwc anaf�retai kai sto kef�laio 6, oi jewrh-tik�c sq�seic s�ndeshc metax� twn shm�twn eis�dou kai ex�dou. Oi telik�c ektim�seictwn shm�twn ex�dou prok�ptoun �stera ap� to filtr�risma twn parathr�sewn m�sw twnb�ltistwn sunart�sewn s�ndeshc. Oi diafor�c twn ektim�sewn twn shm�twn ex�dou ap� ta
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mSq�ma 7.3: O j�ruboc stic apoq�c tou geweido�c (omogen�c katanom�, TA 3 cm).
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mGalSq�ma 7.4: O j�ruboc stic anwmal�ec thc bar�thtac (kanonik� katanom�, TA 10 mGal).s�mata eis�dou, oi opo�ec sth sugkekrim�nh per�ptwsh prosomo�wshc antiproswpe�oun kaito eswterik� sf�lma prosdiorismo� thc mej�dou, d�nontai ston p�naka 7.3. Sto sq�ma 7.5parousi�zontai to sf�lma sthn ekt�mhsh twn apoq�n tou geweido�c gia ep�peda jor�bwntwn dedom�nwn eis�dou 0.03 m gia tic apoq�c kai 3 mGal gia tic anwmal�ec. O j�ruboc kaista d�o dedom�na eis�dou akolouje� thn omogen� katanom�. Sto sq�ma 7.6 parousi�zetaito sf�lma sthn ekt�mhsh twn anwmali�n thc bar�thtac gia ep�peda jor�bwn twn dedom�nwneis�dou 0.10 m gia tic apoq�c kai 10 mGal gia tic anwmal�ec. O j�ruboc twn d�o dedom�nwn



KEFALAIO 7 213P�nakac 7.3: Oi diafor�c twn ektim�sewn ap� ta s�mata eis�dou.Apoq�c tou geweido�c (m) � Kanonik� katanom�TA jor�bwn M E MT MTS TA0.03 m kai 3 mGal 0.028 -0.052 0.000 0.007 �0.0070.03 m kai 5 mGal 0.034 -0.063 0.000 0.009 �0.0090.03 m kai 10 mGal 0.043 -0.071 0.000 0.010 �0.0100.10 m kai 3 mGal 0.047 -0.059 0.000 0.012 �0.0120.10 m kai 5 mGal 0.064 -0.079 0.000 0.015 �0.0150.10 m kai 10 mGal 0.079 -0.094 -0.001 0.019 � 0.019Apoq�c tou geweido�c (m) � Omogen�c katanom�TA jor�bwn M E MT MTS TA0.03 m kai 3 mGal 0.032 -0.052 0.000 0.007 �0.0070.03 m kai 5 mGal 0.033 -0.061 0.000 0.009 �0.0090.03 m kai 10 mGal 0.047 -0.069 0.000 0.010 �0.0100.10 m kai 3 mGal 0.046 -0.072 0.001 0.012 �0.0120.10 m kai 5 mGal 0.058 -0.087 0.000 0.015 �0.0150.10 m kai 10 mGal 0.074 -0.120 0.000 0.019 �0.019Anwmal�ec thc bar�thtac (mGal) � Kanonik� katanom�TA jor�bwn M E MT MTS TA0.03 m kai 3 mGal 6.543 -7.080 -0.001 1.174 �1.1740.03 m kai 5 mGal 8.157 -8.859 -0.001 1.397 �1.3970.03 m kai 10 mGal 10.552 -11.828 0.000 1.666 � 1.6660.10 m kai 3 mGal 8.509 -8.708 -0.002 1.418 �1.4180.10 m kai 5 mGal 10.249 -11.470 -0.002 1.804 �1.8040.10 m kai 10 mGal 14.996 -16.301 -0.002 2.311 �2.311Anwmal�ec thc bar�thtac (mGal) � Omogen�c katanom�TA jor�bwn M E MT MTS TA0.03 m kai 3 mGal 7.428 -6.866 0.001 1.174 �1.1740.03 m kai 5 mGal 10.261 -9.196 0.001 1.416 �1.4160.03 m kai 10 mGal 11.261 -11.453 0.002 1.690 �1.6900.10 m kai 3 mGal 7.771 -8.950 0.000 1.427 �1.4270.10 m kai 5 mGal 13.030 -12.317 0.000 1.814 �1.8140.10 m kai 10 mGal 17.151 -18.258 0.002 2.355 �2.355eis�dou akolouje� thn kanonik� katanom�. 'Opwc fa�netai ap� th mel�th twn pin�kwn kaitwn sqhm�twn, to sf�lma sthn �xodo parousi�zei mikr�terec tim�c ap� to j�rubo sthne�sodo. Me th m�jodo thc prosomo�wshc pou parousi�sthke melet�jhke h euaisjhs�a thcmej�dou stouc jor�bouc eis�dou. 'Opwc fa�netai h eisagwg� tou jor�bou stic parathr�seicephre�zei ta s�mata sthn �xodo. To filtr�risma pou epitugq�netai me thn apom�krunshtou jor�bou den od�gei sthn pl�rh anakataskeu� twn shm�twn eis�dou. Par�la aut�, tosf�lma sthn �xodo e�nai 2�3 for�c mikr�tero sto m�gejoc ap� to j�rubo eis�dou sta s�matatwn anwmali�n thc bar�thtac kai 5�10 for�c mikr�tero sta s�mata tou geweido�c [4]. Aut�shma�nei �ti h pleion�thta tou jor�bou sta s�mata eis�dou filtr�retai kai m�no �na mikr�posost� auto� metad�detai sta apotel�smata thc mej�dou. Aut� e�nai kai �na ap� ta meg�lapleonekt�mata thc mej�dou twn susthm�twn. H diafor� sthn anakataskeu� twn shm�twnsqet�zetai me th morf� twn �diwn twn shm�twn eis�dou. 'Opwc fa�netai kai ap� ton p�naka7.1, ta s�mata twn apoq�n tou geweido�c parousi�zoun m�sh tim� kont� sto mhd�n, k�ti pouodhge� se orj�tero upologism� twn sunart�sewn pukn�thtac f�smatoc [9]. Gia to l�goaut� prote�netai h apom�krunsh thc m�shc tim�c twn dedom�nwn kai h epanafor� thc stonupologism� thc sunarthshc pukn�thtac f�smatoc wc tim�c anafor�c (DC value). Ton�zetai
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mSq�ma 7.5: Ta sf�lmata ekt�mhshc twn apoq�n tou geweido�c.
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mGalSq�ma 7.6: Ta sf�lmata ekt�mhshc twn anwmali�n thc bar�thtac.ak�mh �ti, l�gw thc jewrhtik�c morf�c thc mej�dou (bl. kef�laio 6), kai ta d�o s�matae�nai dunat� na anakataskeuasto�n pl�rwc sthn per�ptwsh eisagwg�c en�c m�no jor�bou. Hdunat�thta thc mej�dou sto apotelesmatik� filtr�risma parathr�sewn ephreasm�nwn ap�exwterik� j�rubo parousi�zetai sta sq�mata 7.7 kai 7.8. Pr�pei na shmeiwje� t�loc �ti hep�drash thc katanom�c twn jor�bwn sthn e�sodo el�qista ephre�zei ta apotel�smata sthn�xodo. To gegon�c aut� fa�netai kajar� ap� ta apotel�smata tou p�naka 7.3.
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mGalSq�ma 7.7: S�gkrish jor�bwn eis�dou kai sfalm�twn ex�dou sta s�mata twn anwmali�nbar�thtac. Kanonik� katanom� twn jor�bwn. 2: TA jor�bou apoq�n eis�dou 3 cm. 4: TAjor�bou apoq�n eis�dou 10 cm.
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cmSq�ma 7.8: S�gkrish jor�bwn eis�dou kai sfalm�twn ex�dou sta s�mata twn apoq�ngeweido�c. Omogen�c katanom� twn jor�bwn. 2: TA jor�bou anwmali�n eis�dou 3 mGal.4: TA jor�bou apoq�n eis�dou 10 mGal.7.2.2 Mel�th twn sunart�sewn metablht�thtac twn sfalm�twn sthdiadikas�a pros�ggishc tou geweido�cSto sugkekrim�no par�deigma prosomo�wshc melet�tai h ep�drash tou jor�bou eis�dou stonprosdiorism� thc ekt�mhshc tou s�matoc sthn �xodo kai thc sun�rthshc metablht�thtac twn



216 EFARMOGES THS JEWRIAS SUSTHMATWN...sfalm�twn. Qrhsimopoie�tai to ped�o eis�dou twn anwmali�n eleuj�rou a�ra se sunduasm�me ta tr�a ep�peda tou jor�bou pou parousi�sthkan sthn prohgo�menh en�thta. L�gw thcamelht�ac ep�drashc thc morf�c thc katanom�c twn prosomoiwm�nwn jor�bwn, epil�qjhkanta ped�a jor�bwn tou prohgo�menou parade�gmatoc pou akoloujo�n thn kanonik� katanom�.Oi anwmal�ec thc bar�thtac eis�qjhsan sto s�sthma kai pro�kuyan oi ektim�seic tous�matoc twn apoq�n tou geweido�c N̂o, �pwc ep�shc kai oi ektim�seic thc sun�rthshcpukn�thtac f�smatoc Pêê twn sfalm�twn thc ekt�mhshc. Idia�terh anafor� d�netai sthnsun�rthsh HN�g, h opo�a sund�ei jewrhtik� ta s�mata anwmali�n bar�thtac kai apoq�ntou geweido�c, e�nai dhlad� o telest�c tou Stokes sto q�ro twn suqnot�twn. Sth sugke-krim�nh efarmog� qrhsimopoi�jhke h ep�pedh pros�ggish tou telest� tou Stokes, h opo�aparousi�zetai sto kef�laio 2 (ex�swsh 2.131). Ton�zetai �ti sth j�sh thc sun�rthshcHN�g e�nai dunat� na qrhsimopoihje� o telest�c tou Stokes se didi�stath, �pwc ep�shckai se monodi�stath sfairik� pros�ggish. Oi d�o teleuta�ec prosegg�seic apotelo�n ticakrib�sterec prosegg�seic sto fasmatik� prosdiorism� tou geweido�c, afo� exale�founk�je e�douc sf�lmata, ta opo�a ofe�lontai stic ep�pedec paradoq�c. Oi ektim�seic twnapoq�n tou geweido�c parousi�zontai ston p�naka 7.4. Ap� tic prosdiorist�ec tim�c thcP�nakac 7.4: Oi ektim�seic twn apoq�n tou geweido�c an�loga me to j�rubo stic anwmal�eceis�dou (tim�c se m).TA jor�bou eis�dou M E MT MTS TA3 mGal 0.496 -2.076 -0.952 1.006 �0.3245 mGal 0.458 -2.107 -0.950 1.002 �0.31910 mGal 0.410 -2.109 -0.963 1.013 �0.316sun�rthshc pukn�thtac f�smatoc twn sfalm�twn sthn �xodo e�nai dunat� na proseggi-ste� h sun�rthsh metablht�thtac twn sfalm�twn akolouj�ntac thn ant�strofh �mmeshm�jodo pou perigr�fetai sto kef�laio 2 (inverse correlogram). Oi didi�statec sunart�seicmetablht�thtac twn sfalm�twn pou prok�ptoun apeikon�zontai sta sq�mata 7.9 kai 7.10.Oi suntetagm�nec stouc oriz�ntiouc �xonec antistoiqo�n stic sfairik�c apost�seic semo�rec ap� k�je shme�o upologismo�. 'Opwc fa�netai ap� ta sq�mata h sun�rthsh meta-blht�thtac tou sf�lmatoc ston prosdiorism� twn apoq�n tou geweido�c prosegg�zei thnekjetik� morf� kai to m�koc susq�tis�c thc e�nai pol� mikr�. H morf� aut� e�nai dikaio-loghm�nh, afo� ta sf�lmata stic anwmal�ec thc bar�thtac prosomoi�jhkan ap� �na ped�oshm�twn, to opo�o akolouje� thn kanonik� katanom� kai h sun�rthsh pukn�thtac f�smat�ctou antiproswpe�ei mia monadia�a sun�rthsh Dirac. Sthn per�ptwsh gnwst�c sun�rthshcpukn�thtac f�smatoc twn sfalm�twn stic anwmal�ec bar�thtac, h morf� thc sun�rthshcmetablht�thtac sf�lmatoc twn apoq�n tou geweido�c ja �tan diaforetik�. Ston p�naka 7.5parousi�zontai oi metablht�thtec twn sfalm�twn ex�dou se s�gkrish me tic metablht�thtectwn sfalm�twn eis�dou. H sun�rthsh metablht�thtac twn sfalm�twn twn apoq�n touP�nakac 7.5: Oi metablht�thtec twn sfalm�twn twn anwmali�n bar�thtac kai twn apoq�ntou geweido�c.Anwmal�ec thc bar�thtac (mGal2) Apoq�c tou geweido�c (cm2)9 0.5625 1.99100 11.75geweido�c e�nai mhdenik� sthn per�ptwsh anuparx�ac jor�bou stic anwmal�ec bar�thtac. Sthsugkekrim�nh efarmog� h b�ltisth sun�rthsh ap�krishc palmo� metax� tou s�matoc eis�doukai ex�dou taut�zetai me th jewrhtik� sun�rthsh s�ndeshc, dhlad� me th sun�rthsh Stokes
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Sq�ma 7.9: H sun�rthsh metablht�thtac tou sf�lmatoc prosdiorismo� twn apoq�n tougeweido�c (tim�c se cm2). TA jor�bou anwmali�n thc bar�thtac 10 mGal.
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Sq�ma 7.10: H sun�rthsh metablht�thtac tou sf�lmatoc prosdiorismo� twn apoq�n tougeweido�c (tim�c se cm2). TA jor�bou anwmali�n thc bar�thtac 5 mGal.
sto q�ro twn suqnot�twn.



218 EFARMOGES THS JEWRIAS SUSTHMATWN...7.2.3 Pros�ggish sunistws�n thc ap�klishc thc katakor�fou � E-p�drash thc m�shc tim�c kai thc qr�shc gewdunamik�n mont�-lwn diaforetik�c diakritik�c ikan�thtacSthn paro�sa efarmog� melet�ntai oi epidr�seic thc teqnik�c pros�ggishc twn sfalm�twnpros�ggishc twn sunart�sewn pukn�thtac f�smatoc, oi opo�ec qrhsimopoio�ntai gia thnb�ltisth ekt�mhsh twn sun�rthsewn s�ndeshc twn shm�twn eis�dou kai ex�dou. Exet�zetaiak�ma kai h ep�drash thc qr�shc gewdunamik�n mont�lwn diaforetik�c diakritik�c ikan�-thtac sthn ekt�mhsh tou s�matoc ex�dou. Akolouje�tai to mont�lo eis�dou-ex�dou, �poudedom�na anwmali�n thc bar�thtac qrhsimopoio�ntai gia thn pros�ggish twn sunistws�nap�klishc thc katakor�fou (bl. en�thta 6.4.7, par�deigma 3). Oi apokl�seic thc kata-kor�fou epil�qjhkan wc s�mata ex�dou, l�gw thc euaisjhs�ac touc stic metabol�c uyhl�nsuqnot�twn. Oi diafor�c ston upologism� twn sunistws�n ap�klishc thc katakor�fouentop�zontai sth qr�sh twn gewdunamik�n mont�lwn diaforetik�c diakritik�c ikan�thtac.H perioq� mel�thc �qei �ria 40�.25� � �41� kai 22�.45� � �24� kai epil�qjhke l�gwtwn �ntonwn diakum�nsewn stic tim�c twn anwmali�n bar�thtac. H perioq� qarakthr�zetaiap� tic paruf�c tou oreino� �gkou tou Ol�mpou. Ta dedom�na eis�dou e�nai 408 shmeiak�ctim�c anwmali�n eleuj�rou a�ra, oi opo�ec pro�rqontai ap� to yhfiak� arqe�o thc Gew-grafik�c Uphres�ac Strato� (G.U.S.). Ap� tic arqik�c tim�c apomakr�njhke h suneisfor�twn gewdunamik�n mont�lwn. Qrhsimopoi�jhkan to pagk�smio gewdunamik� mont�lo EarthGravity Models 1996 { EGM96 [22], tou opo�ou oi suntelest�c ft�noun to bajm� kai t�xh360 kai to pagk�smio mont�lo Global Geopontential Model 1998 { GPM98 [44], tou opo�ouoi suntelest�c ft�noun to bajm� kai t�xh 1800. Ta statistik� stoiqe�a twn shmeiak�nanwmali�n thc bar�thtac, �pwc ep�shc kai twn anhgm�nwn shmeiak�n tim�n parousi�zontaiston p�naka 7.6. Ap� ta apotel�smata tou p�naka 7.6 diakr�netai h exom�lunsh tou ped�ouP�nakac 7.6: Oi shmeiak�c tim�c twn anwmali�n eleuj�rou a�ra kai oi anhgm�nec tim�c toucsta gewdunamik� mont�la (mGal).M E MT MTS TA�g 153.466 -9.685 57.854 66.701 �33.196�g ��gEGM96 96.360 -50.240 13.178 32.984 �30.237�g ��gGPM98 72.212 -60.527 11.460 19.954 �16.334met� thn apom�krunsh twn tim�n tou gewdunamiko� mont�lou. Eidik�tera diafa�netai h oma-lopo�hsh tou ped�ou me th qr�sh gewdunamiko� mont�lou pol� uyhl�c an�lushc. To gegon�caut� apotele� kai thn arq� thc mej�dou thc apom�krunshc-epanafor�c pou perigr�fhke stokef�laio 2. Ap� th sunolik� diadikas�a parale�petai h apom�krunsh twn pol� uyhl�n su-qnot�twn m�sw twn topografik�n diorj�sewn. Akolo�jhse h pr�gnwsh twn dedom�nwn sepl�gma. Epil�qjhke b�ma kann�bou �so me 3'�3' kai oi diast�seic tou arqe�ou dedom�nwnpou pro�kuye stic dieuj�nseic Borr��N�tou kai Anatol�c�D�shc e�nai 16�32. Ta sta-tistik� twn shm�twn eis�dou d�nontai ston p�naka 7.7. Ta arqik� s�mata eis�dou kai oiP�nakac 7.7: Statistik� twn shm�twn eis�dou tou pl�gmatoc (mGal).M E MT MTS TA�g ��gEGM96 84.989 -42.046 11.843 21.649 �18.122�g ��gGPM98 66.875 -39.800 11.320 14.152 �8.493anhgm�nec sto GPM98 anwmal�ec eleuj�rou a�ra parousi�zontai sta sq�mata 7.11 kai 7.12.Sta sq�mata aut� parousi�zetai h omalopo�hsh twn tim�n tou ped�ou twn anwmali�neleuj�rou a�ra met� thn afa�resh twn tim�n en�c gewdunamiko� mont�lou uyhl�c an�lushc.
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mGalSq�ma 7.11: Oi anwmal�ec eleuj�rou a�ra sthn perioq� mel�thc.
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mGalSq�ma 7.12: To ped�o twn anhgm�nwn sto pagk�smio gewdunamik� mont�lo GPM anwmali�neleuj�rou a�ra.Ta meg�la m�kh k�matoc twn tim�n �qoun apomakrunje�.Exet�sthke katarq�n h ep�drash thc m�shc tim�c tou ped�ou eis�dou ston upologism�thc sun�rthshc metablht�thtac qrhsimopoi�ntac thn ant�strofh m�jodo upologismo� (in-verse correlogram). S�mfwna me th m�jodo aut� gia thn pros�ggish thc sun�rthshc me-tablht�thtac ap� th sun�rthsh pukn�thtac f�smatoc e�nai apara�thth h anafor� twn de-dom�nwn sth m�sh tim�. Gia ton �legqo thc ep�drashc ston upologism� thc sun�rthshc



220 EFARMOGES THS JEWRIAS SUSTHMATWN...metablht�thtac afair�jhke h m�sh tim� ap� ta dedom�na. Ta statistik� twn anhgm�nwnped�wn pou pro�kuyan d�nontai ston p�naka 7.8. Prosegg�sthkan katarq�n oi sunart�seicP�nakac 7.8: Ta kentrwm�na ped�a twn anhgm�nwn anwmali�n eleuj�rou a�ra mGal.M E MT MTS TA�g ��gEGM96 73.146 -53.889 0.000 18.122 18.122�g ��gGPM98 55.555 -51.120 0.000 8.493 8.493metablht�thtac sf�lmatoc, t�so sthn per�ptwsh twn arqik�n anhgm�nwn dedom�nwn, �sokai sthn per�ptwsh twn kentrwm�nwn (anhgm�nwn sth m�sh tim�) tim�n qrhsimopoi�ntac thnant�strofh �mmesh m�jodo prosdiorismo�. Sthn per�ptwsh upologismo� me tic kentrwm�nectim�c, h m�sh tim� twn anwmali�n eis�qjh met� thn pros�ggish thc sun�rthshc pukn�thtacf�smatoc wc mia stajer� (DC value). H diafor� ston upologism� thc metablht�thtacthc sun�rthshc kuma�netai sta 0:4547 � 10�11 mGal2 sthn per�ptwsh qrhsimopo�hshc twnanhgm�nwn sto EGM96 dedom�nwn kai 0:284 �10�12 mGal2 sthn per�ptwsh upologismo� ap�tic anhgm�nec sto GPM98. 'Opwc e�nai faner�, h diafor� sto upologism� e�nai el�qisthkai qarakthr�zetai wc amelht�a. Aut� sumba�nei, giat� oi tim�c pou qrhsimopoio�ntai sthmel�th tou ped�ou bar�thtac sp�nia xeperno�n tic merik�c ekatont�dec, en� sun�jwc e�naipol� kont� sto mhd�n. Epipl�on parathre�tai, �pwc e�nai kai anamen�meno, �ti to sf�lmaston upologism� thc metablht�thtac thc sun�rthshc e�nai mikr�tero sthn per�ptwsh thc qrh-simopo�hshc tou mont�lou uyhl�c an�ptuxhc GPM98. To gegon�c aut� e�nai anamen�meno,afo� ta mont�la uyhl�c an�ptuxhc odhgo�n se megal�terh omalopo�hsh to arqik� ped�otwn anwmali�n eleuj�rou a�ra. H m�sh tim� twn anhgm�nwn sto GPM98 anwmali�n pro-segg�zei periss�tero th mhdenik� tim� kai h TA twn tim�n e�nai beltiwm�nh se sq�sh me taanhgm�na sto EGM96 dedom�na. H uyhl� an�ptuxh tou pagk�smiou gewdunamiko� mont�lou,se sunduasm� me tic apara�thtec topografik�c anagwg�c kai diorj�seic, elaqistopoio�n tasf�lmata ap� thn emf�nish thc m�shc tim�c sta dedom�na eis�dou. Gia to l�go aut�n,prote�netai h teqnik� apom�krunshc�epanafor�c sthn per�ptwsh pou qrhsimopoio�ntai oialg�rijmoi b�ltistou sunduasmo� eterogen�n dedom�nwn thc jewr�ac twn susthm�twn.Sth sun�qeia upolog�sthkan oi prosegg�seic twn sunistws�n apokl�sewn thc kata-kor�fou kai oi sunart�seic metablht�thtac kai summetablht�thtac twn sfalm�twn sthn�xodo. To s�sthma pou qrhsimopoi�jhke �qei th morf� tou sq�matoc 6.15. Gia to j�ruboeis�dou kataskeu�sthke ped�o basism�no se genn�tria tuqa�wn arijm�n. Ta s�mata toujor�bou akoloujo�n thn kanonik� katanom� kai h tupik� touc ap�klish prosegg�zei ta 5mGal. Sth sun�rthsh pukn�thtac f�smatoc twn kajar�n shm�twn prost�jetai h sun�rthshpukn�thtac f�smatoc twn jor�bwn, �tsi �ste na prok�yei h sunolik� sun�rthsh pukn�thtacf�smatoc Pyoyo , jewr�ntac, �pwc anaf�rjhke kai sto kef�laio 6, ta s�mata asusq�tistame touc jor�bouc sthn e�sodo. Wc s�mata eis�dou qrhsimopoi�jhkan oi {mh kentrwm�nec}tim�c twn anhgm�nwn dedom�nwn twn anwmali�n thc bar�thtac.Sthn �xodo prosegg�sthkan oi sunist�sec ap�klishc thc katakor�fou kat� meshm-brin� kai kat� par�llhlo (� kai �), kaj�c ep�shc kai oi sunart�seic metablht�thtac twnshm�twn sthn �xodo kai summetablht�thtac twn shm�twn metax� touc. Oi meshmbrin�csunist�sec thc ap�klishc thc katakor�fou sthn per�ptwsh qrhsimopo�hshc tou GPM98kai oi sunist�sec kat� par�llhlo sthn per�ptwsh qr�shc tou EGM96 parousi�zontai stasq�mata 7.13 kai 7.14, ant�stoiqa. Oi ektim�seic twn sunistws�n thc ap�klishc thc ka-takor�fou sugkr�jhkan me tic parat�rhseic astrogewdaitik�n metr�sewn, oi opo�ec prag-matopoi�jhkan sta pla�sia didaktorik�c diatrib�c [50]. Oi 9 stajmo� twn apokl�sewn thckatakor�fou pou br�skontai sta �ria thc perioq�c mel�thc parousi�zontai sta sq�mata7.13 kai 7.14. Ta apotel�smata twn sugkr�sewn parousi�zontai ston p�naka 7.9. Stonp�naka parousi�zontai oi apeuje�ac sugkr�seic twn tim�n stic suntetagm�nec twn stajm�nparat�rhseic, �pwc ep�shc kai oi sugkr�seic met� to metasqhmatism� me th bo�jeia en�cparametriko� mont�lou 4 param�trwn. Oi tim�c pou parousi�zontai m�sa se par�njesh apo-
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arcsecSq�ma 7.13: Oi meshmbrin�c sunist�sec thc ap�klishc thc katakor�fou me dedom�na eis�douanhgm�na sto GPM98 (arcsec).
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arcsecSq�ma 7.14: Oi sunist�sec thc ap�klishc thc katakor�fou kat� par�llhlo me dedom�naeis�dou anhgm�na sto EGM96 (arcsec).telo�n tic sugkr�seic stouc astrogewdaitiko�c stajmo�c, �tan qrhsimopoihjo�n m�non oitim�c twn pagk�smiwn mont�lwn. 'Opwc fa�netai ap� ta apotel�smata tou p�naka 7.9, hqr�sh mont�lwn uyhl�c an�ptuxhc belti�nei aisjht� ta apotel�smata. Ton�zetai �ti oi su-nist�sec tic ap�klishc thc katakor�fou sugkentr�noun thn pukn�thta tou f�smat�c toucstic uyhl�c suqn�thtec, l�gw thc morf�c thc sun�rthshc Vening-Meinesz [32]. H euai-



222 EFARMOGES THS JEWRIAS SUSTHMATWN...P�nakac 7.9: Oi sugkr�seic sta shme�a astrogewdaitik�n parathr�sewn (tim�c se arcsec).Prin to metasq. M E MT TA�a � �GPM98 2.987(2.592) -3.376(-3.361) -0.726(-0.848) �2.049(�2.155)�a � �EGM96 2.826(2.614) -9.787(-8.290) -5.302(-4.152) �3.712(�3.188)�a � �GPM98 3.357(3.102) -2.867(-3.335) 1.024(0.875) �1.707(�2.022)�a � �EGM96 5.539(4.823) -3.693(-5.266) 0.212(-1.430) �2.713(�3.244)Met� to metasq. M E MT TA�a � �GPM98 2.203(1.951) -1.322(-1.253) 0.000(0.000) �1.216(�0.917)�a � �EGM96 3.662(2.071) -3.304(-2.706) 0.000(0.000) �2.483(�1.533)�a � �GPM98 1.085(1.229) -1.076(-1.345) 0.000(0.000) �0.779(�0.919)�a � �EGM96 3.075(4.269) -2.754(-3.883) 0.000(0.000) �1.806(�2.635)sjhs�a twn baruthmetrik�n apokl�sewn thc katakor�fou apotup�netai sth meg�lh poso-stia�a belt�wsh twn diafor�n stouc astrogewdaitiko�c stajmo�c s�gkrishc. Kat� kan�nah qr�sh twn shm�twn ex�dou tou pollaplo� sust�matoc se sunduasm� me tic tim�c twngewdunamik�n mont�lwn suneisf�rei sth belt�wsh twn apotelesm�twn. Sto sugkekrim�nopar�deigma up�rqoun peript�seic, �pou h qr�sh en�c gewdunamiko� mont�lou m�no de�qneina parousi�zei kal�tera apotel�smata ap� thn epanafor� twn mesa�wn suqnot�twn m�swthc ex�dou tou sust�matoc (bl. tim�c thc TA m�sa stic parenj�seic sta �). H faino-menik� aut� belt�wsh e�nai dunat� na apodoje� sthn anuparx�a upologism�n twn topogra-fik�n diorj�sewn. 'Opwc anaf�rjhke kai sto kef�laio 2, oi topografik�c diorj�seic sum-plhr�noun to f�sma tou ped�ou bar�thtac stic uyhl�c suqn�thtec. H par�leiyh upologismo�touc, eidik�tera sthn per�ptwsh twn apokl�sewn thc katakor�fou e�nai dunat� na odhg�seise lanjasm�na apotel�smata. Sth sugkekrim�nh mel�th prosomo�wshc o upologism�c twntopografik�n diorj�sewn parale�petai, giat� h efarmog� exet�zei th suneisfor� twn gew-dunamik�n mont�lwn m�non.Gia thn ekt�mhsh twn didi�statwn sunart�sewn (sum)metablhtot�twn twn sfalm�twnakolouje�tai h jewr�a tou kefala�ou 6 kai h diadikas�a pou parousi�zetai sto prohgo�menopar�deigma. Akolouje� h sqhmatik� anapar�stash twn sunart�sewn metablht�thtac twnsfalm�twn thc meshmbrin�c sunist�sac thc ap�klishc thc katakor�fou, sthn per�ptwshqrhsimopo�hshc tou gewdunamiko� mont�lou GPM98, thc sunist�sac thc ap�klishc kat�par�llhlo, sthn per�ptwsh qrhsimopoi�shc tou mont�lou EGM96 kai thc summetablht�thtactwn sunistws�n sthn per�ptwsh tou EGM96. H akr�beia thc ekt�mhshc e�nai thc �diac t�xhckai stic d�o peript�seic upologismo� (mont�la GPM98 kai EGM96), afo� oi TA �ê� e�nai�0:1300 kai �0:1200 ant�stoiqa, en� oi �ê� e�nai �0:2500 kai �0:2400 ant�stoiqa.7.2.4 Sunduasm�c metr�sewn GPS-gewmetrik�c qwrost�jmhshc kaianwmali�n thc bar�thtac gia thn pros�ggish tou geweido�cSto par�deigma aut� sundu�zontai apoq�c tou geweido�c, oi opo�ec �qoun prok�yei ap�metr�seic GPS-gewmetrik�c qwrost�jmhshc kai metr�seic anwmali�n thc bar�thtac gia thnpros�ggish tou geweido�c, h opo�a antikatoptr�zei thn plhrofor�a pou lamb�netai kai ap�tic d�o phg�c shm�twn eis�dou. Ta d�o s�mata eis�dou e�nai entel�c diaforetik�c f�shckai anaf�rontai sun�jwc se diaforetik�c perioq�c tou f�smatoc tou s�matoc ex�dou. Methn efarmog� twn algor�jmwn twn pollapl�n susthm�twn eis�dou-ex�dou epitugq�netaih b�ltisth s�ndesh twn d�o plhrofori�n, �tsi �ste na elaqistopoie�tai to sf�lma thcekt�mhshc.Wc dedom�na eis�dou qrhsimopoi�jhkan ta s�mata twn anwmali�n bar�thtac thc prohgo�-menhc en�thtac, ta opo�a anaf�rontai sto gewdunamik� mont�lo EGM96. Ta s�mata eis�doutwn apoq�n tou geweido�c, ta opo�a pro�rqontai ap� metr�seic GPS-gewmetrik�c qwro-st�jmhshc, prosomoi�jhkan me th bo�jeia tou pagk�smiou gewdunamiko� mont�lou uyhl�c
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Sq�ma 7.15: H didi�stath sun�rthsh metablht�thtac twn sfalm�twn ekt�mhshc thc me-shmbrin�c sunist�sac thc ap�klishc thc katakor�fou me dedom�na eis�dou anhgm�na stoGPM98 (arcsec2).
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Sq�ma 7.16: H didi�stath sun�rthsh metablht�thtac twn sfalm�twn ekt�mhshc thc su-nist�sac thc ap�klishc thc katakor�fou kat� par�llhlo me dedom�na eis�dou anhgm�nasto EGM96 (arcsec2).an�ptuxhc GPM98. Ap� ta prosomoio�mena dedom�na apomakr�njhke h suneisfor� tougewdunamiko� mont�lou EGM96. Ta s�mata eis�dou twn apoq�n tou geweido�c anaf�rontaisthn uyhl� perioq� tou f�smatoc (360�1800) kai prosomoi�noun arket� kal� thn perioq�
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Sq�ma 7.17: H didi�stath sun�rthsh summetablht�thtac twn sfalm�twn ekt�mhshc twnsunistwswn thc ap�klishc thc katakor�fou me dedom�na eis�dou anhgm�na sto EGM96(arcsec2).tou f�smatoc pou anaf�rontai oi pragmatik�c metr�seic. Ta statistik� tou ped�ou eis�doutwn apoq�n tou geweido�c d�nontai ston p�naka 7.10. Gia to sugkekrim�no par�deigma pro-P�nakac 7.10: Ta statistik� tou s�matoc eis�dou twn apoq�n tou geweido�c (m).M E MT MTS TANGPM98 44.304 41.226 42.902 42.908 �0.715NEGM96 43.800 41.510 42.661 42.664 �0.477Nred 1.006 -0.349 0.241 0.420 �0.343somoi�jhkan ped�a jor�bou, ta opo�a akoloujo�n thn kanonik� katanom�. H TA twn tim�ntwn jor�bwn eis�dou e�nai 5 cm gia sthn per�ptwsh twn apoq�n tou geweido�c kai 5 mGalgia thn per�ptwsh twn anwmali�n thc bar�thtac.Ta s�mata eis�dou kai ta ped�a twn jor�bwn eis�qjhsan se s�sthma dipl�c eis�douapl�c ex�dou me j�rubo (bl. sq�ma 6.10). To ped�o ex�dou tou sust�matoc apotele�tai ap�ta sunduasm�na s�mata twn apoq�n tou geweido�c kai parousi�zontai sto sq�ma 7.18, en�ta statistik� stoiqe�a touc d�nontai ston p�naka 7.11. Oi telik�c tim�c twn apoq�n touP�nakac 7.11: Ta statistik� thc ekt�mhshc twn anhgm�nwn apoq�n tou geweido�c (m).M E MT MTS TAN 1.054 -0.025 0.443 0.286 �0.527geweido�c lamb�nontai met� kai thn epanafor� tou ped�ou anafor�c EGM96. Sto shme�oaut� kr�netai sk�pimo na anaferjo�n tr�a shmantik� shme�a gia th jewr�a tou algor�jmoupou sunode�ei thn paro�sa efarmog�:
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mSq�ma 7.18: Oi ektim�seic twn sunduasm�nwn apoq�n tou geweido�c.1. Idia�terh �mfash d�netai ston upologism� twn sunart�sewn pukn�thtac f�smatoc me-tax� twn shm�twn eis�dou kai tou s�matoc ex�dou. 'Opwc anaf�retai kai sth jewr�atou kefala�ou 6, o upologism�c tou p�naka twn sunart�sewn aut�n e�nai dunat�c,�tan e�nai gnwst�c o p�nakac twn ant�stoiqwn sunart�sewn f�smatoc twn sfalm�twnsthn e�sodo (Pmm), afo� qrhsimopoie�tai kai h ant�stoiqh sun�rthsh, h opo�a en�neijewrhtik� ta s�mata sthn e�sodo kai thn �xodo. Sthn sugkekrim�nh per�ptwsh, �tanme N 0 sumboliste� to s�ma twn apoq�n tou geweido�c sthn �xodo, isq�ei:N 0 = (N +HN�g�G)2 ; (7.1)�pou N ta s�mata eis�dou twn apoq�n GPS, �g ta s�mata eis�dou twn anwmali�nthc bar�thtac kai HN�g h jewrhtik� sun�rthsh s�ndeshc metax� �g kai N , dhlad�h sun�rthsh Stokes. H ex�swsh ousiastik� anaf�retai sto m�so �ro twn shm�twneis�dou. Pr�keitai gia ton apl� m�so �ro, d�qwc thn prosj�kh b�rouc stic para-thr�seic, afo� oi emplek�menec pos�thtec aforo�n se s�mata apallagm�na ap� toj�rubo.2. Mia ant�stoiqh an�lush akolouje�tai ston upologism� tou p�naka twn sunart�sewns�ndeshc metax� twn shm�twn eis�dou kai tou s�matoc sthn �xodo. O p�nakac s�nde-shc dinetai ap�: Hxy = � HN 0NHN 0�g � : (7.2)H jewrhtik� s�ndesh tou s�matoc ex�dou me ta s�mata eis�dou e�nai dunat� na peri-grafe� ap� thn ex�swsh:N 0 = HxyY = � HN 0N HN 0�g � � N�g � : (7.3)Sundu�zontac tic (7.1) kai (7.3), oi sunart�seic s�ndeshc twn apallagm�nwn ap�sf�lmata shm�twn d�nontai ap� tic sq�seic:HN 0N = 1=2 (7.4)



226 EFARMOGES THS JEWRIAS SUSTHMATWN...HN 0�g = (1=2)HN�g: (7.5)Oi teleuta�ec exis�seic parousi�zoun kai th diadikas�a sunduasmo� twn dedom�nwneis�dou sthn ekt�mhsh twn apoq�n tou geweido�c.3. 'Ena teleuta�o shme�o anafor�c e�nai h diaqe�rish thc plhrofor�ac gia to j�rubo sthne�sodo. Sth sugkekrim�nh efarmog� o p�nakac thc sun�rthshc pukn�thtac f�smatocsthn e�sodo �qei th morf�:Pmm = � PmNmN PmNm�gPm�gmN Pm�gm�g � : (7.6)Stic efarmog�c prosomo�wshc ta ped�a tou jor�bou jewro�ntai gnwst� kai e�naiepom�nwc efikt�c o upologism�c twn sunart�sewn pukn�thtac dia-f�smatoc metax�twn diaforetik�n jor�bwn. Sthn per�ptwsh pragmatik�n efarmog�n, �pou e�nai su-n�jwc gnwst�c m�non oi sunart�seic pukn�thtac f�smatoc twn omoeid�n jor�bwn, op�nakac Pmm parousi�zetai diag�nioc.H didi�stath sun�rthsh metablht�thtac tou sf�lmatoc ekt�mhshc sthn �xodo parou-si�zetai sto sq�ma 7.19. H metablht�thta tou sf�lmatoc ekt�mhshc sthn sugkekrim�nhefarmog� e�nai 10.7 cm2.
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Sq�ma 7.19: H sun�rthsh metablht�thtac sf�lmatoc thc ekt�mhshc twn apoq�n geweido�csunduasmo�.7.2.5 Sunduasm�c uyom�trwn GPS, dedom�nwn altimetriko� gewei-do�c kai anwmali�n eleuj�rou a�ra gia thn pros�ggish gewei-do�c sunduasmo�To par�deigma pou anal�etai perigr�fei to sunduasm� eterogeno�c f�shc dedom�nwn sthnpros�ggish tou geweido�c. Qrhsimopoio�ntai dedom�na uyom�trwn GPS, metr�seic thcst�jmhc thc j�lassac ap� th gewdaitik� f�sh tou doruf�rou ERS1 (bl. en�thta 3.2)kai anwmal�ec thc bar�thtac. H efarmog� prosomo�wshc pou perigr�fetai parousi�zei th



KEFALAIO 7 227dunat�thta sunduasmo� metr�sewn se perioq�c xhr�c kai j�lassac. Sthn en�thta twnefarmog�n me pragmatik� dedom�na ja perigrafo�n k�poia epipl�on probl�mata pou pa-rousi�zontai kai ja analujo�n oi protein�menoi tr�poi antimet�pis�c touc.H perioq� mel�thc thc sugkekrim�nhc efarmog�c e�nai 45:�05 � � � 55:�00 kai �55:�00 �� � �45:�10 kai to b�ma tou kann�bou e�nai 30 � 60. Me thn epilog� thc perioq�c el�gqetaih dunat�thta tou algor�jmou se ped�a meg�lwn diast�sewn (200�100), �pwc kai h qronik�di�rkeia tou upologismo� thc ekt�mhshc kai thc sun�rthshc metablht�thtac sf�lmatoc.Tr�a e�nai ta ped�a shm�twn eis�dou pou qrhsimopoio�ntai:- Dedom�na uyom�trwn GPS (dedom�na prosomo�wshc), ta opo�a pro�kuyan me th qr�shtwn suntelest�n tou mont�lou GPM98.- Dedom�na doruforik�c altimetr�ac ap� th gewdaitik� f�sh tou ERS1. Oi metr�seictwn uy�n thc st�jmhc thc j�lassac, afo� diorj�jhkan ap� �lec tic periballon-tik�c, gewfusik�c kai atmosfairik�c epidr�seic, �pwc ep�shc kai ap� thn ep�drashtou sust�matoc m�trhshc, �pwc �qei perigrafe� sto kef�laio 3, qrhsimopoio�ntai wcdedom�na altimetriko� geweido�c. Sth sugkekrim�nh per�ptwsh, h ep�drash thc duna-mik�c wke�niac topograf�ac �qei jewrhje� amelht�a, �tsi �ste oi metr�seic thc m�shcjal�ssiac epif�neiac na antistoiqo�n se dedom�na wke�niou geweido�c.- Dedom�na anwmali�n thc bar�thtac eleuj�rou a�ra.Ta arqik� ped�a anaf�rjhkan sto pagk�smio gewdunamik� mont�lo EGM96. Ta statistik�stoiqe�a twn shm�twn eis�dou d�nontai ston p�naka 7.12. Oi j�ruboi pou qrhsimopoio�ntaiP�nakac 7.12: Ta ped�a twn shm�twn eis�dou.M E MT MTS TAUy�metra GPS (m) 2.250 -0.603 0.211 0.385 �0.323Altimetrik� dedom�na (m) 1.267 -0.623 -0.005 0.253 �0.253Anwmal�ec bar�thtac (mGal) 88.115 -54.968 -2.177 11.174 �10.960gia ta s�mata eis�dou �qoun TA 10 cm, 5 cm kai 5 mGal, ant�stoiqa. Ta ep�peda twnjor�bwn pou epil�qjhkan e�nai ap� ta qeir�tera dunat�, epil�qjhkan de �tsi �ste na fane�h ep�dras� touc sthn telik� akr�beia prosdiorismo�. Ta s�mata eis�dou eis�qjhsan se�na s�sthma pollapl�c eis�dou-apl�c ex�dou me j�rubo (bl. sq�ma 6.8). O upologism�ctwn pin�kwn twn sun�rthsewn pukn�thtac f�smatoc metax� twn shm�twn eis�dou kai tous�matoc sthn �xodo, �pwc ep�shc kai oi sunart�seic jewrhtik�c s�ndeshc twn shm�twne�sodou-ex�dou upolog�sthkan akolouj�ntac th sullogistik� tou prohgo�menou peir�matoc:PN 0NG = N 0N�G = (NG +NA +HN�g�G)N�G=3 == (PNGNG + PNANG +HN�gP�gNG)=3 (7.7)PN 0NA = N 0N�A = (NG +NA +HN�g�G)N�A=3 == (PNGNA + PNANA +HN�gP�gNA)=3 (7.8)PN 0�g = N 0�g� = (NG +NA +HN�g�G)�g�=3 == (PNG�g + PNA�g +HN�gP�g�g)=3: (7.9)Ta statistik� thc ekt�mhshc twn sunduasm�nwn apoq�n tou geweido�c prin kai met� thnepanafor� tou ped�ou anafor�c EGM96 parousi�zontai ston p�naka 7.13. Ta d�o proana-ferj�nta ped�a parousi�zontai sta sq�mata 7.20 kai 7.21. Ap� ta sq�mata parathre�taih meg�lh suneisfor� tou gewdunamiko� mont�lou sta telik� apotel�smata. H eswterik�akr�beia thc ekt�mhshc parousi�zetai ap� th sun�rthsh metablht�thtac, h opo�a prok�ptei wcapot�lesma thc diadikas�ac. H metablht�thta sth sugkekrim�nh per�ptwsh gia thn ekt�mhshtwn sunduasm�nwn apoq�n tou geweido�c e�nai 8.7 cm2. H didi�stath sun�rthsh meta-blht�thtac parousi�zetai sto sq�ma 7.22.



228 EFARMOGES THS JEWRIAS SUSTHMATWN...P�nakac 7.13: Ta statistik� stoiqe�a twn ektim�sewn twn apoq�n tou geweido�c (m).M E MT MTS TANout 0.921 -0.776 -0.245 0.309 �0.188Nout +NEGM96 38.872 -0.738 20.914 22.482 �8.250
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mSq�ma 7.20: Oi ektim�seic twn sunduasm�nwn apoq�n tou geweido�c (m).7.3 Mel�tec me th qr�sh pragmatik�n dedom�nwnSto de�tero m�roc tou kefala�ou perigr�fontai ta peir�mata me th qr�sh pragmatik�ndedom�nwn. H basik� diafor� ap� tic prohgo�menec arijmhtik�c efarmog�c �gkeitai stogegon�c thc qrhsimopo�hshc twn dedom�nwn wc pragmatik�n parathr�sewn, ephreasm�nwndhlad� ap� thn ep�drash exwteriko� jor�bou, kai �qi wc kajar�n shm�twn, �pwc qrhsimo-poi�jhkan �wc t�ra. Basik� b�ma sto diaqwrism� twn diadikasi�n twn d�o en�thtwn e�naioi kat�llhlec algorijmik�c epexergas�ec twn dedom�nwn, �tsi �ste na kaj�statai dunat� hekt�mhsh thc sun�rthshc pukn�thtac f�smatoc tou jor�bou eis�dou. H sun�rthsh aut� e�naiapara�thth gia thn efarmog� tou algor�jmou twn susthm�twn eis�dou-ex�dou. Oi perioq�cpou epil�gontai gia thn efarmog� twn mej�dwn sunduasmo� br�skontai kat� b�sh sthn el-lhnik� epikr�teia, en� parousi�zontai kai apotel�smata peiram�twn se eur�terec wke�niecperioq�c. Oi eur�terec aut�c perioq�c parousi�zoun idia�tera gewfusik� kai wkeanografik�qarakthristik�, ta opo�a dikaiologo�n thn analutik� mel�th touc.7.3.1 Efarmog� sthn perioq� thc Anatolik�c Mesoge�ou � Pros�g-gish dunamik�c jal�ssiac topograf�acH perioq� thc Anatolik�c Mesoge�ou pou epil�getai gia to diaqronik� upologism� toust�simou m�rouc thc dunamik�c jal�ssiac topograf�ac apotele� thn pio endiaf�rousa pe-rioq� thc jal�ssiac lek�nhc. Sthn perioq� aut� sunant�ntai oi tektonik�c pl�kec Afrik�ckai Euras�ac, en� br�skontai kai ta �ria thc Ellhnik�c T�frou (Hellenic trench). H perioq�mel�thc �qei �ria 32�030 � � � 35� kai 22�050 � � � 32�.
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mSq�ma 7.21: Oi ektim�seic twn sunduasm�nwn apoq�n tou geweido�c met� thn epanafor�tou ped�ou anafor�c EGM96 (m).
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Sq�ma 7.22: H sun�rthsh metablht�thtac twn ektim�sewn twn sunduasm�nwn apoq�n tougeweido�c (cm2).Gia ton upologism� tou st�simou m�rouc thc dunamik�c jal�ssiac topograf�ac thc pe-rioq�c qrhsimopoi�jhkan dedom�na anwmali�n bar�thtac kai doruforik� dedom�na altime-trik�n apostol�n. Ta dedom�na twn anwmali�n bar�thtac pro�rqontai ap� d�o phg�c:m�roc twn tim�n pro�rqetai ap� thn yhfiak� b�sh dedom�nwn tou Instito�tou Gewdais�actou Panepisthm�ou tou Ann�berou (Institut f�ur Erdmessung { IfE) [8], en� oi up�loipec



230 EFARMOGES THS JEWRIAS SUSTHMATWN...tim�c pro�rqontai ap� to eurwpa�k� pr�gramma mel�thc tou geweido�c sth Mes�geio (GEO-MED) [15], [16], [17], [18]). H pr�th b�sh dedom�nwn apotele�tai ap� shmeiak�c tim�cjal�ssiwn anwmali�n eleuj�rou a�ra, oi opo�ec e�nai apot�lesma yhfiopoi�sewn twn gew-fusik�n qart�n tou Morelli [25], [29], [27], [28]. Ta dedom�na thc de�terhc b�shc e�naise morf� kann�bou. To s�nolo twn dedom�nwn (18644 tim�c) anaf�rjhkan sta pagk�smiagewdunamik� mont�la EGM96 kai GPM98. Ta statistik� twn anhgm�nwn dedom�nwn staant�stoiqa mont�la parousi�zontai ston p�naka 7.14. 'Opwc diakr�netai ap� ton p�naka, taP�nakac 7.14: Ta statistik� twn anhgm�nwn anwmali�n eleuj�rou a�ra sthn perioq� thcAnatolik�c Mesoge�ou (tim�c se mGal).Mont�lo anafor�c M E MT MTS TAEGM96 72.102 -87.387 2.249 10.328 �10.080GPM98 107.214 -165.979 -9.071 28.262 �26.766dedom�na sthn perioq� thc Anatolik�c Mesoge�ou prosarm�zontai kal�tera sto mont�loEGM96, par� sto mont�lo pol� uyhl�c an�ptuxhc GPM98. To gegon�c aut� pijan�n naofe�letai sthn apous�a twn sugkekrim�nwn dedom�nwn ap� th diadikas�a prosdiorismo� twnsuntelest�n tou mont�lou GPM98. H apous�a twn sugkekrim�nwn dedom�nwn antanakl�,�pwc e�nai fusik�, stic uyhl�terec suqn�thtec tou f�smatoc tou ped�ou bar�thtac (stoucmegal�terouc bajmo�c an�ptuxhc tou mont�lou). Sth sun�qeia thc mel�thc qrhsimopoio�ntaita anhgm�na sto EGM96 dedom�na.Ta altimetrik� dedom�na pou qrhsimopoio�ntai e�nai oi metr�seic twn doruf�rwn ERS-1 (f�seic c, e-f kai g) kai ERS-2 (f�sh a). Qrhsimopoio�ntai dhlad� �lec oi epanalam-ban�menec f�seic twn ERS doruf�rwn, �pwc ep�shc kai h gewdaitik� apostol� tou ERS-1(f�sh e-f). Ta dedom�na tou T/P den qrhsimopoi�jhkan sth sugkekrim�nh per�ptwsh l�gwthc periorism�nhc �ktashc thc perioq�c mel�thc. Ta dedom�na anakt�jhkan ap� ta CD-ROMs thc AVISO [5]. Oi metr�seic aut�c �qoun diorjwje� ap� k�je periballontik�, gew-fusik� kai troqiak� sf�lma, �pwc perigr�fetai sto kef�laio 3. H per�odoc thc mel�thcthc diak�manshc thc st�simhc sunist�sac thc dunamik�c jal�ssiac topograf�ac epil�qjhkean� �toc, ap� to 1993 �wc to 1998. Oi altimetrik�c parathr�seic apojhke�jhkan stoucant�stoiqouc et�siouc katal�gouc kai kathgoriopoi�jhkan me anafor� thn tropopoihm�nhIoulian� hmeromhn�a (Modi�ed Julian Date). H hmeromhn�a �narxhc thc mel�thc e�nai h 1hIanouar�ou 1993 kai h hmeromhn�a termatismo� e�nai h 31h Dekembr�ou 1998. Ston p�naka7.15 parousi�zontai oi qronik�c per�odoi mel�thc kai oi doruf�roi pou exet�zontai sth sug-kekrim�nh per�odo.P�nakac 7.15: Oi qronik�c per�odoi twn altimetrik�n dedom�nwn.Per�odoc mel�thc Doruforik� dedom�na ap�1/1/1993 � 31/12/1993 ERS-1 f�sh C1/1/1994 � 31/12/1994 ERS-1 gewdaitik� apostol�, f�seic E-F1/1/1995 � 31/12/1995 ERS-1 f�sh G, ERS-2 f�sh A1/1/1996 � 31/12/1996 ERS-1 f�sh G, ERS-2 f�sh A1/1/1997 � 31/12/1997 ERS-2 f�sh A1/1/1998 � 31/12/1998 ERS-2 f�sh ATa dedom�na k�je qroni�c, se sunduasm� me to ped�o twn jal�ssiwn anwmali�n bar�th-tac, apotelo�n ta dedom�na eis�dou sto s�sthma pollapl�c eis�dou � apl�c ex�dou gia thnekt�mhsh thc dunamik�c jal�ssiac topograf�ac, �pwc perigr�fetai sta parade�gmata toukefala�ou 6. Mia shmantik� diafor�, se s�gkrish me tic mej�douc prosomo�wshc pou proa-naf�rjhkan, e�nai o upologism�c twn sunart�sewn pukn�thtac f�smatoc tou jor�bou kai



KEFALAIO 7 231tou s�matoc eis�dou. Ant� gia thn prosomo�wsh ped�wn tou jor�bou eis�dou qrhsimopoie�taimia eidik� teqnik�, h opo�a d�nei th dunat�thta ekt�mhshc twn sunart�sewn. Oi epanalam-ban�menec altimetrik�c troqi�c par�qoun mia m�jodo epanalamban�menwn metr�sewn. Meton tr�po aut�n e�nai dunat�c o prosdiorism�c twn sunart�sewn pukn�thtac f�smatoc twnsfalm�twn kai twn shm�twn eis�dou, �pwc parousi�zetai sto kef�laio 6. Ektim�ntac ticsunart�seic aut�c gia tic qronik�c peri�douc tou p�naka 7.15 kai qrhsimopoi�ntac �na ped�om�swn parathr�sewn gia k�je �toc, e�nai dunat� h ekt�mhsh miac m�shc dunamik�c jal�ssiactopograf�ac kat� thn per�odo mel�thc. Oi apokl�seic ap� th m�sh jal�ssia topograf�aexale�fontai exait�ac thc eisagwg�c tou dunamiko� m�rouc thc sto ped�o sfalm�twn, thqrhsimopo�hsh m�swn parathr�sewn kai thn ekt�mhsh thc m�shc sun�rthshc pukn�thtacf�smatoc tou s�matoc. Gia to l�go aut�n, h plhrofor�a gia thn m�sh et�sia tim� twnsunart�sewn kai twn parathr�sewn, �tan eis�getai sto s�sthma, odhge� sthn ekt�mhsh toust�simou m�rouc thc dunamik�c jal�ssiac topograf�ac.Oi parathr�seic twn uy�n thc jal�ssiac epif�neiac kathgoriopoi�jhkan, �pwc perigr�-fhke prohgoum�nwc. Gia k�je qronik� per�odo, sugkentr�jhke o sunolik�c arijm�c twn pa-rathr�sewn ap� ton ant�stoiqo doruf�ro. To m�so ped�o twn parathr�sewn gia k�je qroni�upolog�sthke ap� to s�nolo twn et�siwn parathr�sewn qrhsimopoi�ntac thn uporout�nablockmean tou progr�mmatocGeneric Mapping Tools { GMT [45]. To apot�lesma thc epexer-gas�ac �tan h kataskeu� tou m�sou et�siou ped�ou parathr�sewn, ap� to opo�o afair�jhkeh suneisfor� tou gewdunamiko� mont�lou EGM96 kai sth sun�qeia dhmiourg�jhke gew-grafik� pl�gma (k�nnaboc) stic diast�seic thc perioq�c mel�thc. Akolo�jhse h ekt�mhshtwn sunart�sewn pukn�thtac f�smatoc tou s�matoc kai tou jor�bou sthn e�sodo gia tadedom�na k�je qroni�c. Oi diorjwm�nec altimetrik�c parathr�seic anaf�rjhkan sth m�shjal�ssia epif�neia, tim�c thc opo�ac par�qontai se k�je shme�o m�trhshc ap� thn AVISO.Oi parathr�seic twn uy�n thc jal�ssiac epif�neiac par�qontai se qronik� diast�mata en�cdeuterol�ptou kai, �pwc e�nai fusik�, de sump�ptoun ap� k�klo se k�klo. Sthn per�ptwshaut� e�nai apara�thth h arqik� pr�gnwsh twn dedom�nwn se pl�gma prokeim�nou na apokthje�akrib�c epanalamban�menh plhrofor�a. Mia eidik� epexergas�a gia touc k�klouc thc gew-daitik�c f�shc tou ERS-1 e�nai anagka�a. Kaj�nac ap� touc d�o k�klouc twn 168 hmer�ndiaqwr�zetai se upok�klouc sta CDs thc AVISO, oi opo�oi �qoun sqed�n �dia diakritik�ikan�thta me touc k�klouc twn f�sewn thc ERM. H anagwg� sth m�sh jal�ssia epif�neiapragmatopoi�jhke gia thn exom�lunsh twn dedom�nwn kat� thn pr�gnwsh se pl�gma kaithn elaqistopo�hsh thc parapo�hshc sth fasmatik� m�jodo. H anagwg� aut� af�nei ane-phr�asth thn ekt�mhsh thc sun�rthshc pukn�thtac f�smatoc tou jor�bou eis�dou, afo� hm�sh jal�ssia st�jmh apale�fetai me thn efarmog� twn diadoqik�n afair�sewn (bl. kef.6). Sth sun�qeia akolouje�tai h diadikas�a thc pr�gnwshc se pl�gma, qrhsimopoi�ntac throut�na surface twn GMT [45], h opo�a apotele� mia diadikas�a parembol�c me th bo�jeiasuneq�c tetam�nwn kamp�lwn splines [34]. Ta telik� apotel�smata thc diadikas�ac �tanarqe�a-k�nnaboi an� k�klo me tim�c se sugkekrim�na b�mata. Met� ton upologism� thcplhrofor�ac pollapl�n kann�bwn upolog�sthkan oi diafor�c an�mesa stouc diadoqiko�ck�klouc. H m�sh sun�rthsh pukn�thtac f�smatoc twn sfalm�twn eis�dou gia k�je qroni�prosegg�sthke sth sun�qeia, �pwc parousi�zetai sto kef�laio 6.Sthn per�ptwsh upologismo� thc m�shc sun�rthshc pukn�thtac f�smatoc tou s�matoceis�dou, h suneisfor� tou gewdunamiko� mont�lou EGM96 afair�jhke katarq�n me skop�thn exom�lunsh twn altimetrik�n dedom�nwn kai thn koin� mel�th touc me tic parathr�seictwn anwmali�n eleuj�rou a�ra. Akolo�jhse h diadikas�a elaqistopo�hshc thc parapo�hshc(blockmean), h pr�gnwsh twn dedom�nwn se pl�gma (surface) kai o upologism�c thc m�shcsun�rthshc pukn�thtac f�smatoc tou s�matoc twn metr�sewn akolouj�ntac thn an�lushtou kefala�ou 6.Gia ton automatopoihm�no upologism� twn sunart�sewn pukn�thtac f�smatoc tou s�ma-toc kai tou jor�bou eis�dou, kaj�c ep�shc kai gia ton upologism� twn m�swn parathr�sewngia k�je qroni� dhmiourg�jhke kat�llhlo arqe�o (script �le) kai prosdior�sthke o qr�nocpou apaite�tai gia thn olokl�rwsh thc efarmog�c. To arqe�o qrhsimopoie� tic rout�nec twn



232 EFARMOGES THS JEWRIAS SUSTHMATWN...GMT [45] blockmean, surface kai xyz2grd , to pr�gramma harmexp.f tou gewdaitiko� pak�touGRAVSOFT [36] kai d�o progr�mmata gramm�na se k�dika fortran (noisecomp.f kai signa-lcomp.f) gia thn ekt�mhsh thc m�shc sun�rthshc pukn�thtac f�smatoc tou s�matoc kai toujor�bou eis�dou. To arqe�o energopoi�jhke se perib�llon Linux (pur�nac 2.0.35) se prosw-pik� hlektronik� upologist� me epexergast� Pentium II sta 450 MHz. O sunolik�c qr�nocekt�leshc gia ton upologism� twn param�trwn gia k�je qroni� �ftase th 1 �ra, 37 lept�kai 27 deuter�lepta qrhsimopoi�ntac 96% thc CPU. Oi upologism�nec metablht�thtec twnsfalm�twn gia k�je doruf�ro sto ant�stoiqo �toc leitourg�ac d�nontai ston p�naka 7.16.Me mia arqik� ex�tash tou p�naka 7.16 fa�netai h stajer� sqed�n metablht�thta twn al-P�nakac 7.16: Oi metablht�thtec twn sfalm�twn gia k�je doruf�ro (tim�c se cm2).Doruf�roc, 'Etoc Metablht�thtaERS-1 C, 1993 55.008ERS-1 E-F, 1994 45.929ERS-1 G, 1995 41.989ERS-1 A, 1995 41.256ERS-1 G, 1996 97.177ERS-2 A, 1996 56.481ERS-2 A, 1997 75.121ERS-2 A, 1998 63.191timetrik�n dedom�nwn kat� th di�rkeia twn et�n 1994 kai 1995. Ap� to 1996 kai met�parathre�tai mia a�xhsh tou sf�lmatoc twn metr�sewn, h opo�a kat� k�rio l�go apod�detaistic �ntonec metabol�c thc jal�ssiac st�jmhc th qronik� aut� per�odo. 'Opwc anaf�rjhkeprohgoum�nwc, to qronik� metaball�meno m�roc twn doruforik�n metr�sewn eis�getai stosf�lma eis�dou twn dedom�nwn. Ef�son den �qoun anaferje� shmantik� sf�lmata stictroqi�c twn ERS-1, ERS-2, oi tim�c twn metablhtot�twn ofe�lontai kur�wc stic metabol�cthc jal�ssiac st�jmhc. Prosektik�terh mel�th apaite�tai sthn per�ptwsh tou doruf�rouERS-1 gia to 1996. Sto sugkekrim�no �toc, anaf�rontai m�no t�sseric k�kloi kai h dia-dikas�a pros�ggishc twn sunart�sewn pukn�thtac f�smatoc twn sfalm�twn sthn e�sodoparousi�zei thn adunam�a tou mikro� arijmo� epanalamban�menwn deigm�twn. Gia to l�goaut�n, oi epil�seic pragmatopoi�jhkan, t�so me th suneisfor� kai twn d�o doruf�rwn pouantistoiqo�n sto 1996, �so kai me th suneisfor� m�non tou ERS-2.Oi et�siec sunart�seic pukn�thtac f�smatoc twn shm�twn kai twn sfalm�twn eis�dou,�pwc ep�shc kai oi m�sec parathr�seic gia k�je qroni�, oi opo�ec upolog�sthkan me ticprohgo�menec diadikas�ec, eis�qjhsan an� �toc se sust�mata pollapl�c eis�dou-apl�c e-x�dou. 'Opwc anaf�rjhke kai sto kef�laio 6, h sun�rthsh pukn�thtac f�smatoc tousf�lmatoc twn altimetrik�n dedom�nwn sthn e�sodo e�nai apara�thth gia thn ekt�mhsh thcb�ltisthc sun�rthshc ap�krishc suqn�thtac pou sund�ei tic parathr�seic me thn ekt�mhshsthn �xodo. 'Oson afor� stic parathr�seic twn anwmali�n thc bar�thtac mia par�moia, meta altimetrik� dedom�na, epexergas�a gia thn ekt�mhsh thc sun�rthshc pukn�thtac f�smatoctou jor�bou eis�dou e�nai dunat� m�no sthn per�ptwsh pou oi metr�seic sunode�ontai me ticant�stoiqec qronik�c peri�douc m�trhshc. Mia diadikas�a prosdiorismo� thc sun�rthshcmetablht�thtac twn sfalm�twn twn jal�ssiwn metr�sewn anwmali�n eleuj�rou a�ra pa-rousi�zetai ap� ton Behrend [8]. Sth sugkekrim�nh efarmog�, l�gw thc apous�ac plhro-for�ac gia to qr�no, qrhsimopoi�jhke prosomoiwm�no ped�o sfalm�twn TA 5 mGal. Me thn�leush twn programmatism�nwn doruforik�n apostol�n, prosanatolism�nwn sth mel�th toug�inou ped�ou bar�thtac (GOCE, GRACE kai CHAMP), h epanalamban�menh troqi� toucja dieukol�nei ant�stoiqouc alg�rijmouc gia thn ekt�mhsh twn sunart�sewn pukn�thtacf�smatoc twn sfalm�twn. Oi ektim�seic tou st�simou m�rouc thc dunamik�c jal�ssiac to-pograf�ac gia th qronik� per�odo thc mel�thc d�nontai ston p�naka 7.17. Sto sq�ma 7.23parousi�zetai to ped�o thc ekt�mhshc tou st�simou m�rouc thc dunamik�c jal�ssiac topo-



KEFALAIO 7 233P�nakac 7.17: Oi ektim�seic tou st�simou m�rouc thc dunamik�c jal�ssiac topograf�ac thnper�odo 1993�1998 gia thn perioq� thc Anatolik�c Mesoge�ou (tim�c se m, a: dedom�naeis�dou ERS-1 kai ERS-2, b: dedom�na eis�dou ERS-2).'Etoc M E MT MTS TA1993 0.464 -1.815 -0.843 0.923 �0.3741994 0.217 -1.763 -0.783 0.855 �0.3431995 0.334 -1.547 -0.726 0.794 �0.3221996a 0.307 -1.598 -0.752 0.827 �0.3431996b 0.306 -1.547 -0.729 0.800 �0.3291997 0.581 -1.568 -0.705 0.778 �0.3291998 0.656 -1.610 -0.718 0.791 �0.333graf�ac gia to �toc 1995. Oi metablht�thtec tou sf�lmatoc thc ekt�mhshc thc jal�ssiac
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mSq�ma 7.23: H ekt�mhsh tou st�simou m�rouc thc dunamik�c jal�ssiac topograf�ac thcAnatolik�c Mesoge�ou gia to �toc 1995.topograf�ac parousi�zontai ston p�naka 7.18. Ap� th s�gkrish twn pin�kwn 7.16 kai 7.18epibebai�netai gia ak�mh m�a for� h mikr� euaisjhs�a thc mej�dou twn susthm�twn eis�dou-ex�dou sta sf�lmata eis�dou. H sun�rthsh metablht�thtac tou sf�lmatoc thc ekt�mhshcthc st�simhc sunist�sac thc jal�ssiac topograf�ac parousi�zetai sto sq�ma 7.24. Sthsun�qeia melet�jhke h et�sia metabol� thc ekt�mhshc thc jal�ssiac topograf�ac me qr�noanafor�c thn �narxh thc mel�thc, dhlad� to 1993. Ta et�sia ped�a ex�dou thc jal�ssiactopograf�ac anaf�rjhkan sto �toc 1993 kai melet�jhkan oi diafor�c ap� to �toc anafor�c.Oi diafor�c parousi�zontai ston p�naka 7.19. Parathre�tai genik� mia metabol� thc et�siacekt�mhshc thc jal�ssiac topograf�ac kat� th di�rkeia thc exaeto�c mel�thc. Oi metabol�caut�c ofe�lontai kat� k�rio l�go stic �ntonec gewfusik�c idiaiter�thtec thc perioq�c, oiopo�ec anaf�rjhkan kai sthn arqik� perigraf� thc efarmog�c. H �ktash thc perioq�c e�naiantikeimenik� mikr� gia thn oloklhrwm�nh ermhne�a twn apotelesm�twn. Ento�toic, oi parou-siaz�menec metabol�c e�nai dunat� na apotel�soun thn eisagwgik� ekt�mhsh gia tic idi�thtec



234 EFARMOGES THS JEWRIAS SUSTHMATWN...P�nakac 7.18: Oi metablht�thtec thc ekt�mhshc thc dunamik�c jal�ssiac topograf�ac giak�je �toc (tim�c se cm2). 'Etoc Metablht�thta1993 18.3601994 16.9951995 13.0831996a 23.2531996b 25.2191997 34.7531998 29.361
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Sq�ma 7.24: H sun�rthsh metablht�thtac sf�lmatoc thc ekt�mhshc thc jal�ssiac topo-graf�ac gia to 1995 (tim�c se cm2).P�nakac 7.19: Oi diafor�c twn et�siwn ektim�sewn tou st�simou m�rouc thc dunamik�cjal�ssiac topograf�ac (tim�c se m).'Etoc M E MT MTS TA1994-1993 0.775 -1.023 0.060 0.126 �0.1111995-1993 0.603 -1.059 0.117 0.161 �0.1101996b-1993 0.507 -1.051 0.114 0.154 �0.1041997-1993 0.749 -0.702 0.138 0.165 �0.0911998-1993 0.769 -0.878 0.126 0.153 �0.088thc perioq�c. Oi metabol�c thc m�shc tim�c kai thc tupik�c ap�klishc twn diafor�n twnet�sewn ektim�sewn tou st�simou m�rouc thc dunamik�c jal�ssiac topograf�ac se sq�shme to �toc anafor�c parousi�zontai sta sq�mata 7.25 kai 7.26. 'Opwc fa�netai ap� tosq�ma 7.25, up�rqei mia stajer� t�sh a�xhshc thc m�shc tim�c sthn ekt�mhsh thc et�siacjal�ssiac topograf�ac sthn perioq� thc Anatolik�c Mesoge�ou. H t�sh aut� einai pio em-
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236 EFARMOGES THS JEWRIAS SUSTHMATWN...thc t�xhc twn 10 ekatost�n, me mia mikr� t�sh me�wshc. Oi diakum�nseic aut�c e�nai du-nat� na ofe�lontai se et�siec metabol�c thc jal�ssiac epif�neiac, oi opo�ec metad�dontaisthn ekt�mhsh thc jal�ssiac topograf�ac. Oi et�siec metabol�c perigr�foun ta amig�cgewfusik� qarakthristik� thc perioq�c mel�thc, afo� oi epoqik�c metabol�c �qoun sqed�nexaleifje�.Akolo�jhse o upologism�c twn sunistws�n thc stajer�c gewstrofik�c ro�c sthn pe-rioq� thc Anatolik�c Mesoge�ou. O upologism�c bas�sthke stic exis�seic pou parousi�-sthkan sto kef�laio 5 kai anaf�rontai sth diadikas�a prosdiorismo� thc jal�ssiac topo-graf�ac ap� metr�seic twn fusik�n idiot�twn tou nero�. Sth sugkekrim�nh per�ptwsh hant�strofh diadikas�a akolouj�jhke gia ton prosdiorism� twn stajer�n taqut�twn ro�c.Ta dian�smata ro�c pou pro�kuyan ap� thn epexergas�a thc ekt�mhshc tou st�simou m�roucthc dunamik�c jal�ssiac topograf�ac gia to 1995 parist�noun th m�sh et�sia stajer� ro�gia thn perioq� kai parousi�zontai sto sq�ma 7.27. Sto sq�ma 7.28 parousi�zetai to

23˚

23˚

24˚

24˚

25˚

25˚

26˚

26˚

27˚

27˚

28˚

28˚

29˚

29˚

30˚

30˚

31˚

31˚

32˚

32˚

33˚ 33˚

34˚ 34˚

35˚ 35˚

Sq�ma 7.27: Ta dian�smata stajer�c ro�c thc Anatolik�c Mesoge�ou gia to �toc 1995.m�gejoc twn taqut�twn ro�c sthn perioq� mel�thc. Apo thn parat�rhsh twn sqhm�twndiakr�nontai k�poiec kin�seic sthn perioq� 34� � � � 35� kai 26� � � � 28�. Oi kin�seicaut�c anaf�rontai sta �ria thc Ellhnik�c T�frou kai perigr�foun tic gewfusik�c enallag�cpou pragmatopoio�ntai sthn perioq�. Oi tim�c pou parousi�zontai e�nai sqetik� meg�lecl�gw thc ep�drashc twn par�ktiwn perioq�n ston upologism� thc jal�ssiac topograf�ac.Se mia kleist� j�lassa, �pwc e�nai h Mes�geioc, oi kin�seic l�gw gewstrofik�c ro�c e�naikat� kan�na mikr�c kai oi meg�lec tim�c emfan�zontai l�gw thc asumbat�thtac tou mont�loustic par�ktiec perioqec (bl. meionekt�mata thc mej�dou sto kef�laio 5). Par�la aut�,k�poiec arqik�c ende�xeic twn kin�sewn twn ud�twn sthn perioq� e�nai dunat� na aniqneuto�nap� th mel�th sqhm�twn par�moiwn me ta 7.27 kai 7.28. Epipl�on plhrofor�ec lamb�nontaiap� th diaqronik� mel�th twn metabol�n sta ped�a twn taqut�twn. Oi diafor�c stic su-nist�sec kat� par�llhlo (u) kai kat� meshmbrin� (v) parousi�zontai ston p�naka 7.20.Oi m�gistec kai el�qistec tim�c pou parousi�zontai ston p�naka anaf�rontai se perioq�ckont� stic hpeirwtik�c ekt�seic, �pou to mont�lo thc gewstrofik�c ro�c apokl�nei. Oimeg�lec kl�seic thc jal�ssiac topograf�ac, �pwc upolog�zontai me th bo�jeia tou pollaplo�sust�matoc eis�dou-ex�dou, odhgo�n se uperektimhm�nec tim�c twn taqut�twn twn reum�twn.Ex�llou, h gewstrofik� je�rhsh kai oi paradoq�c pou thn akoloujo�n apokl�noun sthn
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m/secSq�ma 7.28: To m�gejoc twn dianusm�twn stajer�c ro�c gia thn perioq� thc Anatolik�cMesoge�ou kai sto �toc 1995 (tim�c se m/sec).P�nakac 7.20: Diafor�c stic sunist�sec thc stajer�c taq�thtac ro�c twn ud�twn sthnperioq� thc Anatolik�c Mesoge�ou (tim�c se m/sec).Sunist�sa u M E MT MTS TA1994-1993 8.387 -6.169 0.033 1.077 �1.0771995-1994 7.740 -9.181 -0.007 1.098 �1.0981996-1995 3.094 -3.804 -0.005 0.466 �0.4661997-1996 6.792 -7.477 -0.024 0.739 �0.7391998-1997 6.650 -5.481 0.000 0.606 �0.606Sunist�sa v M E MT MTS TA1994-1993 9.539 -7.038 -0.028 1.241 �1.2411995-1994 7.309 -7.835 0.010 1.247 �1.2471996-1995 3.223 -3.286 0.009 0.398 �0.3981997-1996 6.082 -6.609 -0.010 0.640 �0.6401998-1997 6.649 -4.179 -0.001 0.527 �0.527per�ptwsh kleist�n jalass�n, �pwc sthn per�ptwsh thc Mesoge�ou. 'Opwc fa�netai kaiap� th mel�th thc TA twn metabol�n stic taq�thtec k�nhshc, stic peri�douc twn t�sewna�xhshc thc tim�c thc jal�ssiac topograf�ac parousi�zetai kai h enton�terh kinhtik�thtathc ro�c. Aut� e�nai dikaiologhm�no, afo� oi sunist�sec twn taqut�twn ro�c prok�ptounap� thn kl�sh thc epif�neiac thc jal�ssiac topograf�ac kat� thn per�odo mel�thc. Oi me-tabol�c sthn taq�thta ro�c twn ud�twn parousi�zontai sta sq�mata 7.29 kai 7.30 kat�th di�rkeia thc peri�dou �ntonhc metabol�c thc et�siac st�simhc jal�ssiac topograf�ac(1993-94), �pwc ep�shc kai sta sq�mata 7.31 kai 7.32 kat� th di�rkeia thc �feshc twn qara-kthristik�n thc perioq�c (1995-96). 'Opwc fa�netai ap� ta sq�mata, oi meg�lec diafor�cparousi�zontai kat� thn per�odo 1993-94 se sugkekrim�nec perioq�c. Oi perioq�c aut�cbr�skontai sun�jwc kont� stic hpeirwtik�c ekt�seic. Oi diafor�c e�nai dunat� na ofe�lontaiep�shc stic diaforetik�c mej�douc ekt�mhshc thc tim�c thc jal�ssiac topograf�ac, m�sw twn
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Sq�ma 7.29: Oi dieuj�nseic twn metabol�n thc taq�thtac ro�c metax� tou 1993 kai 1994.
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m/secSq�ma 7.30: Ta meg�jh twn metabol�n thc taq�thtac ro�c metax� tou 1993 kai 1994 (tim�cse m/sec).diaforetik�n mej�dwn upologismo� thc sun�rthshc pukn�thtac f�smatoc tou sf�lmatocsthn e�sodo. Upenjum�zetai �ti gia th gewdaitik� apostol� tou ERS-1 den uf�stantaiakrib�c epanalamban�menec troqi�c, all� aut�c dhmiourg�jhkan teqnht�, lamb�nontai de-dom�na k�klwn me par�moia diakritik� ikan�thta me tic epanalamban�menec f�seic. Oi me-tabol�c pou parousi�zontai kat� thn per�odo �feshc e�nai saf�c mikr�terec.
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Sq�ma 7.31: Oi dieuj�nseic twn metabol�n thc taq�thtac ro�c metax� tou 1995 kai 1996.
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m/secSq�ma 7.32: Ta meg�jh twn metabol�n thc taq�thtac ro�c metax� tou 1995 kai 1996 (tim�cse m/sec).7.3.2 Efarmog� se perifereiak� kl�maka � B�reioc Atlantik�c -Sten� LabradorH efarmog� thc pros�ggishc thc wke�niac topograf�ac pragmatopoi�jhke kai se peri-fereiak� kl�maka, se anoiqt� j�lassa, �pou h jal�ssia kuklofor�a kai �la ta sqetik�fain�mena parousi�zoun �ntona qarakthristik�. H efarmog� aut� pragmatopoi�jhke gia



240 EFARMOGES THS JEWRIAS SUSTHMATWN...thn asfal� s�gkrish twn apotelesm�twn me mont�la wke�niac kuklofor�ac. 'Opwc e�naignwst� ta mont�la kuklofor�ac adunato�n na parousi�soun axi�pista apotel�smata sekleist�c j�lassec, �pwc e�nai h Mes�geioc. Aut� sumba�nei, giat� stic perioq�c aut�c denikanopoio�ntai oi apait�seic thc gewstrofik�c je�rhshc, �pwc parousi�sthkan sto kef�laio5. H mel�th sthn perioq� tou Bore�ou Atlantiko� ja exet�sei tic ektim�seic thc wke�niac to-pograf�ac diaqronik�, sto �dio qronik� e�roc me thn prohgo�menh efarmog�, d�nontac �mfashston upologism� twn sunart�sewn pukn�thtac f�smatoc twn sfalm�twn kai shm�twn sthne�sodo.Ta �ria thc perioq�c e�nai 45:�05 � � � 55� kai �55� � � � �45:�10. H perioq� aut�epil�qjhke l�gw thc diajesim�thtac shmeiak�n tim�n jal�ssiwn anwmali�n eleuj�rou a�rakai l�gw thc meg�lhc thc shmas�ac ap� wkeanografik� pleur�: h perioq� br�sketai sta�ria tou Re�matoc tou K�lpou, en� th diasq�zei to mikr�terhc �ntashc re�ma Labrador.Gia th mel�th thc ep�drashc thc exarq�c � ek twn ust�rwn pr�gnwshc twn altimetrik�ndedom�nwn se pl�gma qrhsimopoi�jhkan, t�so dedom�na diorjwm�nwn uy�n thc jal�ssiacst�jmhc (CORSSH) [6], �so kai dedom�na anwmali�n thc jal�ssiac st�jmhc (SLA) [7]. Sthde�terh per�ptwsh ta dedom�na twn diorjwm�nwn uy�n thc jal�ssiac st�jmhc anaf�rontaise sugkekrim�nec gewgrafik�c j�seic sthn epif�neia thc Ghc kai anaf�rontai sth m�shjal�ssia st�jmh miac qronik�c peri�dou. Oi anwmal�ec thc jal�ssiac st�jmhc �qoun topleon�kthma �ti parousi�zontai sthn pollapl� deigmatik� diadikas�a pros�ggishc thc su-n�rthshc pukn�thtac f�smatoc jor�bou kai s�matoc se sugkekrim�nec gewgrafik�c j�seickai gia to l�go aut�n, h diadikas�a thc exarq�c pr�gnwshc twn altimetrik�n dedom�nwnse pl�gma parale�petai. Gia thn ekt�mhsh thc wke�niac topograf�ac qrhsimopoi�jhkan de-dom�na ap� ton T/P, th sunolik� apostol� tou ERS-1 kai to di�doqo doruf�ro ERS-2.Oi altimetrik�c parathr�seic taxinom�jhkan anaforik� me thn tropopoihm�nh Ioulian� hme-romhn�a, h opo�a parousi�zetai stic Eggraf�c twn Gewfusik�n Dedom�nwn (GDRs). Oiet�siec per�odoi mel�thc kai oi ant�stoiqoi doruf�roi parousi�zontai ston p�naka 7.21.P�nakac 7.21: Qronik�c per�odoi kai altimetrik� dedom�na.Qronik� per�odoc Doruforik� dedom�na1/1/1993 - 31/12/1993 ERS1-f�sh C, T/P1/1/1994 - 31/12/1994 ERS1-GM, T/P1/1/1995 - 31/12/1995 ERS1-f�sh G, ERS2-f�sh A, T/P1/1/1996 - 31/12/1996 ERS1-f�sh G, ERS2-f�sh A, T/P1/1/1997 - 31/12/1997 ERS2-f�sh A, T/P1/1/1998 - 31/12/1998 ERS2-f�sh A, T/P'Oson afor� sta jal�ssia baruthmetrik� dedom�na, qrhsimopoi�jhkan 84169 shmeiak�ctim�c anwmali�n eleuj�rou a�ra, oi opo�ec sull�qjhkan ap� eidik�c baruthmetrik�c apo-stol�c kai paraqwr�jhkan eugenik� ap� ton Marc Veronneau (National Geodetic Surveyof Canada). Dustuq�c, den up�rqei kami� epipl�on plhrofor�a gia thn katanom� twnmetr�sewn kat� apostol�, o�te k�poia �ndeixh hmeromhn�ac stic shmeiak�c metr�seic, hopo�a ja bohjo�se ston upologism� thc sun�rthshc pukn�thtac f�smatoc twn sfalm�twnkai tou s�matoc twn metr�sewn bar�thtac. Mia mel�th thc sumperifor�c thc sun�rthshcsf�lmatoc twn anwmali�n thc bar�thtac se di�forec jal�ssiec perioq�c thc Eur�phc pa-rousi�zetai ap� ton Behrend [8], h opo�a bas�zetai stic ek twn prot�rwn plhrofor�ec gia tichmeromhn�ec kai tic ant�stoiqec apostol�c metr�sewn. Me aut�n ton tr�po, h dhmiourg�aen�c pollaplo� de�gmatoc twn tim�n twn anwmali�n thc bar�thtac e�nai dunat� na odhg�seisthn ekt�mhsh thc sun�rthshc pukn�thtac f�smatoc twn sfalm�twn, me par�moiec diadi-kas�ec me aut�c pou perigr�fhkan sto kef�laio 6. H katanom� twn jal�ssiwn metr�sewnanwmali�n thc bar�thtac parousi�zetai sto sq�ma 7.33. Ap� ta dedom�na anwmali�neleuj�rou a�ra afair�jhke h suneisfor� tou pagk�smiou gewdunamiko� mont�lou EGM96.
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Sq�ma 7.33: Oi metr�seic bar�thtac sthn perioq� tou Bore�ou Atlantiko�.Akolo�jhse h dhmiourg�a kann�bou me b�ma 30�60. L�gw thc apous�ac plhrofor�ac gia thnakr�beia twn metr�sewn, qrhsimopoi�jhke j�ruboc prosomo�wshc, kanonik�c katanom�c kaiTA 5 mGal. Ta statistik� twn parathr�sewn kai tou jor�bou eis�dou parousi�zontai stonp�naka 7.22. Oi parathr�seic twn uy�n thc jal�ssiac st�jmhc taxinom�jhkan �tsi, �steP�nakac 7.22: Statistik� twn anhgm�nwn anwmali�n eleuj�rou a�ra kai tou jor�bou eis�dou.T�poc (mGal) M E MT MTS TAParathr�seic 88.115 -54.968 -2.177 11.174 �10.960J�ruboc 22.144 -21.963 -0.026 5.023 �5.023gia k�je qronik� per�odo na sull�getai o sunolik�c arijm�c twn metr�sewn sugkekrim�noudoruf�rou. Sth sun�qeia upolog�sthke to ped�o twn m�swn et�siwn parathr�sewn gia k�je�toc, �pwc akrib�c perigr�fetai sthn efarmog� thc Mesoge�ou. Ap� ta ped�a twn m�swnparathr�sewn gia k�je �toc afair�jhke h suneisfor� tou gewdunamiko� mont�lou EGM96kai akolo�jhse h pr�gnwsh twn dedom�nwn se pl�gma b�matoc 30 � 60.D�o diaforetik�c strathgik�c akolouj�jhkan gia ton prosdiorism� twn sunart�sewnpukn�thtac f�smatoc jor�bou kai s�matoc [1]. H pr�th teqnik�, h opo�a onom�zetai giasuntom�a teqnik� CORSSH kai anaf�retai sth qr�sh diorjwm�nwn uy�n thc jal�ssiacst�jmhc, perigr�fhke sthn prohgo�menh efarmog�. Oi parathr�seic, afo� anaqjo�n sthm�sh jal�ssia st�jmh, paremb�llontai stic koruf�c tou kann�bou, �tsi �ste na e�naidiaj�simh akrib�c epanalamban�menh plhrofor�a. Aut� sumba�nei, t�so gia tic ERM apo-stol�c, �so kai gia th gewdaitik� f�sh tou ERS-1, afo� ta dedom�na kathgoriopoio�ntaise upok�klouc, �pwc parousi�sthke sthn prohgo�menh efarmog�. Kat� thn parembol� stickoruf�c tou kann�bou akolouj�jhkan di�forec teqnik�c, �pwc h teqnik� tou kentrobariko�m�sou �rou kai thc shmeiak�c prosarmog�c-kriging tou progr�mmatoc geogrid , kaj�c kaih rout�na surface twn GMT [45], h opo�a pragmatopoie� thn parembol� me th qr�sh spli-nes suneqo�c kampul�thtac [34]. H teleuta�a m�jodoc pr�gnwshc se pl�gma epil�qjhke



242 EFARMOGES THS JEWRIAS SUSTHMATWN...telik�c, l�gw twn el�qistwn diafor�n sta statistik� stoiqe�a tou ped�ou-pl�gmatoc ses�gkrish me ta aujentik� dedom�na. Mia analutik� mel�th twn diadikasi�n pr�gnwshc al-timetrik�n kai jal�ssiwn dedom�nwn se pl�gma parousi�zetai ap� ton Kirby [20]. Sthsun�qeia prosegg�sthke h sun�rthsh pukn�thtac f�smatoc tou jor�bou kai tou s�matoctwn altimetrik�n dedom�nwn, �pwc perigr�fetai sthn efarmog� thc Anatolik�c Mesoge�ou.H de�terh m�jodoc prosdiorismo� thc sun�rthshc pukn�thtac f�smatoc tou jor�bou,h opo�a onom�sthke gia suntom�a teqnik� SLA, bas�zetai stic anwmal�ec thc jal�ssiacst�jmhc. Oi anwmal�ec aut�c antiproswpe�oun tic apokl�seic ap� th m�sh jal�ssia epif�neiakai upolog�zontai se sugkekrim�nec gewgrafik�c perioq�c gia k�je k�klo. Gia �na sug-kekrim�no �qnoc troqi�c kai gia k�je k�klo, ta diorjwm�na dedom�na paremb�llontai sesugkekrim�nec j�seic k�je 7 qili�metra qrhsimopoi�ntac kubik�c kamp�lec splines [7]. Seaut�n thn per�ptwsh, oi diafor�c ap� k�klo se k�klo upolog�zontai prin ap� th diadikas�apr�gnwshc se pl�gma, �tsi �ste na elaqistopoie�tai �so to dunat� periss�tero sto sf�lmasthn telik� ekt�mhsh thc sun�rthshc pukn�thtac f�smatoc. Oi diafor�c upolog�sthkan m�nostic perioq�c eke�nec, �pou up�rqan tim�c kai gia touc d�o diadoqiko�c k�klouc. O upo-logism�c thc telik�c sun�rthshc pukn�thtac f�smatoc twn sfalm�twn pragmatopoi�jhkes�mfwna me th diadikas�a pou perigr�fetai sto kef�laio 6. O upologism�c thc sun�rthshcpukn�thtac f�smatoc tou sf�lmatoc twn metr�sewn thc gewdaitik�c f�shc tou ERS-1, ako-louj�ntac th mejodolog�a twn anwmali�n thc jal�ssiac st�jmhc, den e�nai dunat�c, afo�apousi�zei h akrib�c epanalamban�menh plhrofor�a stic sugkekrim�nec gewgrafik�c j�seic.Idia�terh �mfash d�jhke sthn pros�ggish twn sun�rthsewn metablht�thtac sf�lmatocgia k�je doruf�ro, m�sa sta �ria thc perioq�c mel�thc kai gia tic sugkekrim�nec qronik�cperi�douc an�lushc. O upologism�c bas�zetai sthn ant�strofh m�jodo upologismo� thcsun�rthshc metablht�thtac, h opo�a parousi�sthke sto kef�laio 2 (inverse correlogramapproach). Oi upologism�nec metablht�thtec parousi�zontai ston p�naka 7.23. Ap� tonP�nakac 7.23: Upologism�nec metablht�thtec gia k�je doruf�ro kai k�je �toc (tim�c secm2). Doruf�roc kai �toc per�ptwsh CORSSH per�ptwsh SLAERS1-C 1993 47.294 35.890T/P 1993 32.573 27.704ERS1-GM 1994 33.280 -T/P 1994 30.085 23.601ERS1-G 1995 33.579 34.356ERS2-A 1995 34.677 32.823T/P 1995 28.738 26.175ERS1-G 1996 42.465 33.305ERS2-A 1996 44.134 34.482T/P 1996 23.956 22.605ERS2-A 1997 45.784 34.661T/P 1997 27.498 25.324ERS2-A 1998 44.831 31.510T/P 1998 21.919 20.457p�naka diakr�netai h diafor� sthn ekt�mhsh thc metablht�thtac qrhsimopoi�ntac tic d�o dia-foretik�c mejodolog�ec. Oi metablht�thtec sf�lmatoc e�nai kat� kan�na megal�terec sthnper�ptwsh thc qrhsimopo�hshc thc mej�dou twn diorjwm�nwn uy�n thc jal�ssiac st�jmhc(CORSSH), par� sthn per�ptwsh thc mej�dou twn anwmali�n thc jal�ssiac st�jmhc (SLA).H diafor� aut� mpore� na apodoje� sthn ek twn prot�rwn diadikas�a pr�gnwshc se pl�gma.'Opwc �qei �dh anaferje�, h rout�na surface qrhsimopoi�jhke gia th dhmiourg�a twn kann�-bwn, l�gw thc sumfwn�ac twn statistik�n me ta aujentik� shmeiak� dedom�na. Par�la aut�



KEFALAIO 7 243sthn per�ptwsh meg�lwn ken�n sthn katanom� twn dedom�nwn, o k�nnaboc pou prok�pteie�nai exomalunsm�noc se sq�sh me ped�a pl�rhc k�luyhc dedom�nwn. Qrhsimopoi�ntac thde�terh m�jodo, an kai h diadikas�a thc pr�gnwshc se pl�gma perior�zetai m�no sto teleuta�ob�ma prin ap� ton upologism� thc sun�rthshc pukn�thtac f�smatoc, poll� ken� dedom�nwnprok�ptoun l�gw thc apous�ac koin�n metr�sewn se d�o diadoqiko�c k�klouc. O p�nakac7.23 parousi�zei tic metablht�thtec sf�lmatoc tou T/P wc tic mikr�terec se m�gejoc ses�gkrish me touc up�loipouc doruf�rouc. To gegon�c aut� apod�detai stic uyhl�c akr�beiectwn metr�sewn tou T/P, kaj�c ep�shc kai sth diaforetik� diakritik� ikan�thta twn de-dom�nwn se sq�sh me to sqhmatism� twn doruf�rwn ERS. H qamhl� diakritik� ikan�thtatwn metr�sewn tou T/P �qei wc apot�lesma epipl�on exom�lunsh tou teliko� ped�ou kaiant�stoiqh ep�drash sthn ekt�mhsh thc metablht�thtac sf�lmatoc. Sta sq�mata pou ako-loujo�n parousi�zontai oi didi�statec sunart�seic metablht�thtac sf�lmatoc, �pwc ep�shckai oi empeirik�c kai analutik�c ekfr�seic twn monodi�statwn sunart�sewn metablht�thtacsf�lmatoc pou prok�ptoun ap� thn olokl�rwsh wc proc to azimo�jio, gia to �toc 1998kai gia to dedom�na tou T/P. Ta sq�mata anaf�rontai stic d�o diaforetik�c mej�doucpros�ggishc twn sunart�sewn metablht�thtac sf�lmatoc twn dedom�nwn. 'Opwc kai sthn
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Distanse (degrees)Sq�ma 7.34: Didi�stath sun�rthsh metablht�thtac sf�lmatoc kai h monodi�stath ana-par�stas� thc gia ta dedom�na tou T/P kai gia to �toc 1998, akolouj�ntac thn pros�ggishCORSSH. Ta shme�a antiproswpe�oun tic empeirik�c tim�c kai h suneq�c gramm� thn ana-lutik� �kfrash, h opo�a bas�zetai sto ekjetik� mont�lo C = a � e�b , �pou a = 20:852 kaib = 0:746. Isodi�stash kamp�lwn 1 cm2.prohgo�menh efarmog� dhmiourg�jhke �na genikeum�no arqe�o senar�ou (script �le) gia thnautomatopo�hsh thc �lhc diadikas�ac kai thn ekt�mhshc thc qronik�c di�rkeiac twn upolo-gism�n. H sunolik� qronik� di�rkeia thc diadikas�ac �ftase tic 9 �rec, 29 lept� kai 33deuter�lepta se �nan proswpik� upologist� me epexergast� Pentium III sta 450 MHz seperib�llon Linux (pur�nac 2.2.9).Oi upologism�nec sunart�seic pukn�thtac f�smatoc tou jor�bou kai tou s�matoc, taped�a twn m�swn et�siwn altimetrik�n parathr�sewn, oi parathr�seic twn anwmali�n thcbar�thtac kai to prosomoiwm�no ped�o twn sfalm�twn touc eis�qjhsan se �na s�sthmapollapl�c eis�dou - pollapl�c ex�dou, �pwc perigr�fetai sto kef�laio 6. Oi ektim�seictou st�simou m�rouc thc dunamik�c wke�niac topograf�ac upolog�sthkan, t�so me thn qrh-simopoi�sh twn sunart�sewn pukn�thtac f�smatoc twn sfalm�twn pou upolog�zontai me thm�jodo CORSSH, �so kai me th qr�sh twn sunart�sewn thc mej�dou SLA. Oi m�sec et�siec
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Distanse (degrees)Sq�ma 7.35: Didi�stath sun�rthsh metablht�thtac sf�lmatoc kai h monodi�stath ana-par�stas� thc gia ta dedom�na tou T/P kai gia to �toc 1998, akolouj�ntac thn pros�ggishSLA. Ta shme�a antiproswpe�oun tic empeirik�c tim�c kai h suneq�c gramm� thn analutik��kfrash, h opo�a bas�zetai sto ekjetik� mont�lo C = a�e�b , �pou a = 19:326 kai b = 0:606.Isodi�stash kamp�lwn 1 cm2.ektim�seic me sunart�seic pukn�thtac f�smatoc upologism�nec ap� thn CORSSH m�jodoparousi�zontai ston p�naka 7.24, en� oi diafor�c stic ektim�seic ap� th qrhsimopo�hshtwn d�o diaforetik�n mej�dwn upologismo� twn sunart�sewn pukn�thtac f�smatoc twnsfalm�twn parat�jentai ston p�naka 7.25. Shmei�netai, �ti oi meg�lec tim�c thc wke�niacP�nakac 7.24: M�sec et�siec ektim�seic tou st�simou m�rouc thc dunamik�c wke�niac topo-graf�ac (tim�c se m).'Etoc M E MT MTS TA1993 1.795 -0.533 0.379 0.533 �0.3741994 1.721 -0.585 0.373 0.527 �0.3731995 1.736 -0.544 0.372 0.518 �0.3611996 1.766 -0.558 0.388 0.533 �0.3651997 1.880 -0.518 0.393 0.551 �0.3871998 1.914 -0.507 0.388 0.542 �0.379topograf�ac parousi�zontai stic perioq�c hpeirwtik�n ekt�sewn kai jewro�ntai ex orismo�lanjasm�nec. Oi diafor�c stic ektim�seic tou st�simou m�rouc thc dunamik�c wke�niac ku-klofor�ac pou prok�ptoun ap� th qr�sh sunart�sewn pukn�thtac f�smatoc twn sfalm�twn,oi opo�ec pro�kuyan me tic d�o diaforetik�c mej�douc (CORSSH kai SLA) e�nai el�qistec,�pwc parousi�zontai kai ston p�naka 7.25. To gegon�c aut� epibebai�nei th qamhl� euai-sjhs�a thc mej�dou sto j�rubo eis�dou, k�ti pou anaf�rjhke kai stic mel�tec prosomo�wshctou pr�tou m�rouc, kaj�c ep�shc kai se di�forec �llec mel�tec [4], [2]. H ekt�mhsh toust�simou m�rouc thc dunamik�c wke�niac topograf�ac gia to �toc 1996 apeikon�zetai stosq�ma 7.36, �pou ta qarakthristik� mikro� m�kouc k�matoc pou emfan�zontai apod�dontaisthn anomoiogen� katanom� twn jal�ssiwn dedom�nwn kai sthn problhmatik� pros�ggishtwn sfalm�twn stic anwmal�ec eleuj�rou a�ra sth j�lassa (bl., p.q., an�lush ap� Engelis



KEFALAIO 7 245P�nakac 7.25: Diafor�c stic et�siec ektim�seic tou st�simou m�rouc thc dunamik�c wke�niactopograf�ac ap� th qrhsimopo�hsh diaforetik�n mej�dwn gia ton upologism� twn su-nart�sewn pukn�thtac f�smatoc twn sfalm�twn (tim�c se m).'Etoc M E MT MTS TA1993 0.014 -0.012 0.001 0.003 �0.0031994 0.004 -0.004 0.001 0.001 �0.0011995 0.008 -0.009 0.000 0.002 �0.0021996 0.010 -0.016 0.000 0.003 �0.0031997 0.011 -0.017 0.000 0.003 �0.0031998 0.018 -0.031 0.000 0.004 �0.004[11]). H meg�lh kl�sh twn kamp�lwn �shc tim�c (gradients) sto k�tw arister� m�roc tousq�matoc apod�dontai sthn parous�a twn hpeirwtik�n ekt�sewn.
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Sq�ma 7.36: Ekt�mhsh tou st�simou m�rouc thc dunamik�c wke�niac topograf�ac gia to �toc1996. Isodi�stash kamp�lwn 0.1 m.Akolo�jhsan d�o sugkr�seic me mont�la sfairik�n armonik�n thc dunamik�c wke�niactopograf�ac. Mia sugkr�simh l�sh me thn an�lush thc pagk�smiac dunamik�c jal�ssiactopograf�ac tou Levitus [23] se sfairik�c armonik�c, �pwc parousi�sthke ap� ton Engelis[12], lamb�netai me thn efarmog� en�c qamhloperato� f�ltrou Gauss stic ektim�seic thcmej�dou twn susthm�twn eis�dou-ex�dou. Ta m�kh k�matoc mikr�tera ap� tic 10� (1111 km- bajm�c an�ptuxhc 36) apomakr�njhkan. H epilog� aut� pragmatopoi�jhke �tsi �ste nadiathrhjo�n m�non oi suqn�thtec oi �mesa sugkr�simec me th l�sh tou Engelis. Oi filtra-rism�nec ektim�seic thc wke�niac topograf�ac parousi�zontai sto sq�ma 7.37. Sugkr�nontacto sq�ma 7.37 me to sq�ma 14 tou Engelis [12] parathro�ntai �moia qarakthristik� sticd�o prosegg�seic. H sunolik� sumperifor� tou filtrarism�nou ped�ou parousi�zetai sqed�nh �dia me th l�sh me kajar� wkeanografik� dedom�na. Ento�toic, parathre�tai mia diafor�st�jmhc an�mesa stic d�o prosegg�seic. Aut� h diafor� st�jmhc e�nai dunat� na exhghje�
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Sq�ma 7.37: Ekt�mhsh tou st�simou m�rouc thc dunamik�c jal�ssiac topograf�ac gia to�toc 1996 met� thn efarmog� qamhloperato� f�ltrou. Isodi�stash kamp�lwn 0.1 m.ap� th diafor� metax� thc ekt�mhshc tou st�simou m�rouc thc dunamik�c wke�niac topo-graf�ac, h opo�a upolog�zetai me th jewr�a twn susthm�twn kai tou sunoliko� meg�jouc thcdunamik�c wke�niac topograf�ac, �pwc perigr�fetai ap� th l�sh tou Engelis. Eidik�terasthn perioq� mel�thc e�nai par�nta to Re�ma tou Labrador kai oi �krec tou Re�matoc touK�lpou, ta opo�a ephre�zoun thn topik� l�sh. Mia ak�mh logik� ex�ghsh gia thn �parxhthc diafor�c st�jmhc an�mesa stic d�o l�seic e�nai h sun�jhc adunam�a twn wkeanogra-fik�n l�sewn: mia epif�neia �shc p�eshc twn 2250 mb qrhsimopoi�jhke wc isodunamik�epif�neia anafor�c thc wkeanografik�c l�shc [11]. Mia t�toia epif�neia fa�netai pio pijan�na antiproswpe�ei mia stajmik� epif�neia se pagk�smia kl�maka [24]. H abebai�thta thcparap�nw epilog�c e�nai dunat� na odhg�sei sth diafor� st�jmhc metax� twn d�o l�sewn.Ak�mh, h per�odoc mel�thc twn d�o ektim�sewn diaf�rei, me apot�lesma k�poiec asumfwn�ecna eis�gontai kai ap� aut� th diafor� sth qronik� kl�maka. T�loc, h abebai�thta thcepif�neiac anafor�c twn jal�ssiwn anwmali�n thc bar�thtac se sunduasm� me to problh-matik� perib�llon twn metr�sewn eis�gei poikil�a sfalm�twn, ta opo�a kai anal�jhkan stokef�laio 4.Mia de�terh s�gkrish thc topik�c ekt�mhshc kai thc pagk�smiac l�shc sfairik�n ar-monik�n tou Pavlis et al. [31] pragmatopoi�jhke sth sun�qeia. Oi suntelest�c twn sfai-rik�n armonik�n thc dunamik�c wke�niac topograf�ac prosdior�sthkan met� ap� mia pro-sarmog� elaq�stwn tetrag�nwn sthn �xodo tou Par�llhlou Mont�lou Wke�niac Kuklo-for�ac (POCM-4B) [35], m�qri to bajm� an�ptuxhc 30. Periss�tera gia Par�llhlo Mont�loWke�niac Kuklofor�ac d�nontai sto kef�laio 5. Ta apotel�smata tou POCM-4B pou qrh-simopoi�jhkan, prosdior�sthkan gia thn per�odo 1993 kai 1994 (k�kloi tou T/P 11�84) [31].Gia th s�gkrish qrhsimopoi�jhke h ekt�mhsh tou st�simou m�rouc thc dunamik�c wke�niactopograf�ac gia to �toc 1994. H efarmog� en�c qamhloperato� f�ltrou me apokopt�menom�koc k�matoc ta 1333.33 km (armonik�c bajm�c 30) od�ghse se ekt�mhsh sugkr�simh methn wkeanografik� l�sh. Oi d�o l�seic sugkr�jhkan prin kai met� thn efarmog� para-metrik�n mont�lwn apom�krunshc thc diafor�c st�jmhc kai thc m�shc t�shc kai ta apo-tel�smata parousi�zontai ston p�naka 7.26. 'Opwc fa�netai ston p�naka 7.26, h topik�altimetrik�/baruthmetrik� l�sh kai h pagk�smia kajar� wkeanografik� l�sh sumfwno�n



KEFALAIO 7 247P�nakac 7.26: Diafor�c metax� thc filtrarism�nhc ekt�mhshc thc wke�niac topograf�ac kaithc pagk�smiac l�shc sfairik�n armonik�n tou mont�lou POCM-4B (tim�c se m).M E MT TAPrin thn efarmog� parametriko� mont�lou -0.957 -1.380 -1.258 �0.092Met� thn efarmog� parametriko� mont�lou 0.281 -0.152 0.000 �0.073me mia akr�beia thc t�xhc twn 7.3 cm, �stera ap� thn apom�krunsh thc diafor�c st�jmhc(bias) kai thc kl�shc (trend). H diafor� st�jmhc kai h kl�sh pou parousi�zontai mporo�n naapodojo�n stouc �diouc l�gouc pou perigr�fhkan kai sthn prohgo�menh s�gkrish. H diafo-retik� mejodolog�a pou qrhsimopoi�jhke gia k�je ekt�mhsh (pagk�smia l�sh me th bo�jeiaan�ptuxhc se sfairik�c armonik�c � topik� l�sh sthriz�menh se ep�pedec sunart�seic pur�neckai akolouj�ntac th jewr�a twn susthm�twn), �pwc ep�shc kai h apous�a tou qronik� me-taball�menou m�rouc thc wke�niac topograf�ac sthn topik� l�sh e�nai upe�junec gia thnparous�a upoloip�menwn meg�lou m�kouc k�matoc sfalm�twn, ta opo�a kai diakr�nontai ka-jar� sto sq�ma 7.38. Oi diaforetik�c mejodolog�ec (pagk�smia kai topik� pros�ggish) kai
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Sq�ma 7.38: Diafor�c metax� thc topik�c filtrarism�nhc ekt�mhshc thc wke�niac topo-graf�ac kai thc pagk�smiac l�shc gia to 1994, �stera ap� thn apom�krunsh thc diafor�cst�jmhc kai thc m�shc t�shc. Isodi�stash kamp�lwn 0.01 m.oi epidr�seic touc sthn telik� ekt�mhsh parousi�zontai ap� ton Engelis [10].Gia thn epibeba�wsh tou st�simou qarakt�ra thc ekt�mhshc thc wke�niac topograf�acupolog�sthkan oi diafor�c se sq�sh me thn ekt�mhsh tou 1993. H m�sh tim� twn diafor�n,t�so sthn per�ptwsh thc CORSSH mej�dou, �so kai sthn per�ptwsh thc SLA mej�dou pros-diorismo� twn sunart�sewn pukn�thtac f�smatoc, parousi�zontai sto sq�ma 7.39. 'Opwcfa�netai, oi diafor�c sth m�sh tim� br�skontai pol� kont� sto mhd�n m�sa sta �ria thcqronik�c peri�dou pou exet�zetai. 'Ena par�moio di�gramma parousi�zetai sto sq�ma 7.40pou afor� stic TA twn diafor�n me anafor� thn ekt�mhsh thc wke�niac topograf�ac tou1993. Oi TA parousi�zoun mia sqetik� stajer� akr�beia, m�sa sta �ria twn akribei�n thc
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YearSq�ma 7.39: Diafor�c sth m�sh tim� twn ektim�sewn tou st�simou m�rouc thc dunamik�cjal�ssiac topograf�ac me �toc anafor�c to 1993 (tim�c se cm). 2: CORSSH m�jodoc. �:SLA m�jodoc.mej�dou twn susthm�twn. B�baia, gia thn epibeba�wsh �lwn twn parap�nw exupako�etai�ti e�nai apara�thth h an�lush dedom�nwn gia megal�terh qronik� per�odo mel�thc.

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

S
ta

n
d
a
rd

 D
e
vi

a
tio

n
 (

cm
)

1993 1994 1995 1996 1997 1998 
YearSq�ma 7.40: Diafor�c sthn tupik� ap�klish twn ektim�sewn tou st�simou m�rouc thc du-namik�c jal�ssiac topograf�ac me �toc anafor�c to 1993 (tim�c se cm). 2: CORSSHm�jodoc. �: SLA m�jodoc.Endiaf�ron parousi�zei sth sugkekrim�nh per�ptwsh h mel�th thc k�nhshc twn reum�twnsthn perioq�. Oi exis�seic thc gewstrofik�c ro�c sthn per�ptwsh wke�niwn ekt�sewnisq�oun me ikanopoihtik� akr�beia kai parousi�zoun thn k�nhsh twn kuriot�rwn stajer�nreum�twn twn wkean�n. H die�junsh twn reum�twn sthn per�ptwsh tou Bore�ou Atlantiko�parousi�zetai sto sq�ma 7.41. To m�gejoc twn taqut�twn twn reum�twn parousi�zetai stosq�ma 7.42, �pou kai diakr�nontai oi meg�lec taq�thtec twn reum�twn ston anoiqt� wkean�.Parathro�ntai b�baia kai meg�la meg�jh taqut�twn twn reum�twn kont� stic hpeirwtik�cperioq�c. Oi tim�c aut�c e�nai anaxi�pistec, afo�, �pwc �qei anaferje�, h gewstrofik�m�jodoc apokl�nei kont� stic akt�c. Oi tim�c aut�c pr�pei na agnoo�ntai se m�a mel�th thckuklofor�ac twn ud�twn. Ap� th mel�th twn d�o sqhm�twn diakr�netai h sunist�sa touRe�matoc tou K�lpou sto k�tw m�roc kai dexi� tou sq�matoc, h opo�a kine�tai proc anatol�c.H sunist�sa aut� suneq�zei m�qri tic akt�c thc Meg�lhc Bretan�ac kai epistr�fei sticanatolik�c polite�ec twn H.P.A. pragmatopoi�ntac �nan ap� touc pio gnwsto�c meg�louck�klouc (gyres) kai �qontac wc apot�lesma to isqur� Re�ma tou K�lpou. Sto k�ntro
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Sq�ma 7.41: Oi dieuj�nseic twn taqut�twn twn reum�twn sthn perioq� tou Labrador ako-louj�ntac th gewstrofik� je�rhsh thc wke�niac kuklofor�ac.
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m/secSq�ma 7.42: To m�gejoc thc taq�thtac ro�c twn reum�twn sthn perioq� tou Labrador.



250 EFARMOGES THS JEWRIAS SUSTHMATWN...thc perioq� diakr�netai �na �llo re�ma pou antistoiqe� sth sunistam�nh twn reum�twn thcperioq�c tou Labrador. H k�nhsh twn reum�twn �pwc parousi�zetai sta sq�mata 7.41 kai7.42 antiproswpeuo�n th stajer� ro� sthn per�ptwsh twn paradoq�n thc gewstrofik�cjewr�ac. 'Opwc fa�netai, ta meg�jh twn taqut�twn ro�c twn ud�twn sthn perioq� touB�reiou Atlantiko� den xeperno�n tic tim�c tou 1.5 � 2 m/sec ston anoiqt� wkean�. Hdiafor� tou meg�jouc twn dianusm�twn thc paro�sac efarmog�c kai thc efarmog�c sthnAnatolik� Mes�geio ofe�letai kat� k�rio l�go stic apokl�seic thc gewstrofik�c je�rhshcsthn per�ptwsh kleist�n jal�ssiwn perioq�n. H per�ptwsh tou B�reiou Atlantiko� mpore�na jewrhje� wc pio antiproswpeutik� gia th mel�th thc k�nhshc twn ud�twn, b�sei thcgewstrofik�c je�rhshc kai gi' aut� epil�qjhke gia thn an�lush.7.3.3 Prosdiorism�c geweido�c ston Ellhnik� q�ro. Efarmog� su-st�matoc apl�c eis�dou - apl�c ex�douParousi�zetai h efarmog� thc jewr�ac twn susthm�twn eis�dou - ex�dou sthn pros�ggishtou geweido�c ston Ellhnik� q�ro. H paro�sa arijmhtik� efarmog� apotele� thn ex�lixhsthn pros�ggish tou geweido�c ston Ellhnik� q�ro, �pwc parousi�zetai ap� touc Tziavosand Andritsanos [38]. Gia thn pros�ggish qrhsimopoie�tai s�sthma apl�c eis�dou anw-mali�n thc bar�thtac kai apl�c ex�dou apoq�n tou geweido�c. Oi tim�c twn anwmali�n thcbar�thtac pou qrhsimopo�ntai e�nai shmeiak�c kai anaf�rontai sto elleiyoeid�c tou GRS80[30] kai sto d�ktuo anafor�c thc bar�thtac IGSN71 [26]. Ta dedom�na pro�rqontai ap� thb�sh baruthmetrik�n dedom�nwn [21] kai ap� to yhfiak� arqe�o thc Gewgrafik�c Uphres�acStrato�. To s�nolo twn shmeiak�n tim�n e�nai 75158.Gia ton upologism� twn topografik�n diorj�sewn kai twn �mmeswn epidr�sewn stauy�metra tou geweido�c qrhsimopoi�jhke to pagk�smio mont�lo topograf�ac GLOBE [14],to opo�o �qei diakritik� ikan�thta 3000� 3000 kai anaf�retai m�no stic hpeirwtik�c ekt�seic.Epil�gqjhke mia eur�terh perioq� ap� 30� � � � 46� kai 14� � � � 33�, ap� ta de-dom�na thc opo�ac upolog�sthkan oi epidr�seic l�gw anagl�fou. To ped�o peri�qei sunolik�1921 � 2281 = 4381801 uy�metra. Stic jal�ssiec perioq�c apod�jhke h mhdenik� tim�.Oi upologism�nec tim�c twn diorj�sewn l�gw anagl�fou kai thc �mmeshc ep�drashc stauy�metra tou geweido�c parousi�zontai ston p�naka 7.27. Ston p�naka 7.27 parousi�zontaiP�nakac 7.27: Oi epidr�seic tou anagl�fou.M E MT MTS TADiorj�seic l�gw anagl�fou tc (mGal) 89.795 -10.561 2.373 3.464 �2.524'Emmesh ep�drash Nind (m) 0.000 -0.295 -0.009 0.027 �0.025arnhtik�c tim�c twn diorj�sewn l�gw anagl�fou, oi opo�ec s�mfwna me th jewr�a e�nai lan-jasm�nec. Oi tim�c aut�c ofe�lontai kat� k�rio l�go sthn ep�drash thc kampul�thtac thcGhc kai lamb�nontai wc mhdenik�c [13].Ta shmeiak� dedom�na anaf�rjhkan katarq�n sta d�o pagk�smia gewdunamik� mont�lapou qrhsimopoi�jhkan: to EGM96 kai to GPM98b. H statistik� an�lush twn tim�n twnmetr�sewn prin kai met� thn anagwg� sta mont�la parousi�zetai ston p�naka 7.28. 'OpwcP�nakac 7.28: Oi anhgm�nec sta gewdunamik� mont�la parathr�seic (tim�c se mGal).M E MT MTS TA�gFA 276.920 -222.470 -9.979 75.867 �75.208�gFA ��gEGM96 279.455 -134.694 -3.870 28.304 �28.038�gFA ��gGPM98 276.193 -218.651 -1.167 16.518 �16.476



KEFALAIO 7 251fa�netai ap� ton p�naka 7.28, h anagwg� sta gewdunamik� mont�la exomal�nei to ped�o twnanwmali�n thc bar�thtac. Aut� fa�netai, t�so ap� th m�sh tim�, �so kai ap� thn tupik�ap�klish twn anhgm�nwn dedom�nwn. Ep�shc, diakr�netai h epipl�on exom�lunsh twn pa-rathr�sewn me th qr�sh tou pagk�smiou mont�lou pol� uyhl�c an�ptuxhc GPM98b. Obajm�c 1800, m�qri ton opo�o anapt�ssetai to mont�lo, epitr�pei th belt�wsh sthn ana-gwg� twn dedom�nwn, afo�, kat� th diadikas�a apom�krunshc, apomon�nontai m�non oi pol�uyhl�c suqn�thtec. Oi m�gistec kai el�qistec tim�c pou parousi�zontai anaf�rontai se pi-jan� qondroeid� sf�lmata kai apomakr�nontai, �pwc sqoli�zetai sth sun�qeia. Jewrhtik�,h exom�lunsh suneq�zetai me thn apom�krunsh kai twn uyhl�n suqnot�twn ep�drashc thctopograf�ac, m�sw twn topografik�n diorj�sewn. Ta pl�rwc anhgm�na dedom�na (anw-mal�ec Faye) parousi�zontai ston p�naka 7.29, gia k�je gewdunamik� mont�lo. Ant�jeta meP�nakac 7.29: Oi anwmal�ec Faye sthn perioq� tou Elladiko� q�rou (tim�c se mGal).M E MT MTS TA�gFA ��gEGM96 + tc 369.250 -136.165 -1.497 28.343 �28.304�gFA ��gGPM98 + tc 365.988 -220.122 1.206 17.144 �17.101ta anamen�mena, oi diorj�seic l�gw anagl�fou qeirotere�oun ta apotel�smata. To gegon�caut� mpore� na ofe�letai:� sta sf�lmata sto yhfiak� mont�lo ed�fouc, ta opo�a odhgo�n anap�feukta se sf�l-mata ston upologism� twn diorj�sewn. Ta yhfiak� mont�la ed�fouc, �pwc �qei ana-ferje� sto kef�laio 2, dhmiourgo�ntai kur�wc me thn epexergas�a fwtogrammetrik�nkai thlepiskopik�n eik�nwn, �pwc ep�shc kai me thn yhfiopo�hsh kat�llhlwn qarto-grafik�n upob�jrwn. Oi akr�beiec twn uyom�trwn pou lamb�nontai e�nai sun�jwc thct�xhc twn k�poiwn m�trwn kai spani�tera twn k�poiwn ekatost�n. H anagkai�thtan�wn akrib�sterwn mont�lwn topograf�ac kai bajumetr�ac od�ghse th NASA se m�aapostol� afierwm�nh sthn tridi�stath apot�pwsh thc g�inhc epif�neiac. H apostol�Shuttle Radar TopographyMission { SRTM [33] xek�nhse stic 11 Febrouar�ou tou 2000kai aposkope� sthn apot�pwsh tou megal�terou tm�matoc thc epif�neiac me meg�lhdiakritik� ikan�thta.� sta sf�lmata stic shmeiak�c anwmal�ec thc bar�thtac. H apom�krunsh twn qon-droeid�n kai susthmatik�n sfalm�twn e�nai dunat� na pragmatopoihje� me th bo�jeiathc mej�dou thc shmeiak�c prosarmog�c, �pwc perigr�fetai ap� ton Tscherning [37].� sto sunduasm� twn d�o prohgo�menwn.Me thn apom�krunsh twn uyhl�n kai twn qamhl�n suqnot�twn m�sw thc mej�dou apo-m�krunshc-epanafor�c, to ped�o twn upoloip�menwn shm�twn, jewrhtik�, pr�pei na e�naipl�rwc exomalunsm�no. Aut� fusik� de sumba�nei, giat� den e�nai dunat� na apomakrunjo�nentel�c ta qarakthristik� tou ped�ou me th qr�sh twn jewrhtik�n mont�lwn kai twn mo-nt�lwn topograf�ac. Sth sugkekrim�nh efarmog� h m�sh tim� twn anhgm�nwn metr�sewne�nai arket� kont� sto mhd�n, en� kai h tupik� ap�klish twn parathr�sewn belti�netai ai-sjht� me th qr�sh thc mej�dou apom�krunshc kai epanafor�c. Par�la aut�, oi m�gisteckai el�qistec tim�c pou emfan�zontai parap�mpoun se {�poptec} parathr�seic. Gia thnapom�krunsh twn qondroeid�n sfalm�twn akolouj�jhke o �legqoc 3 �rms. Oi parathr�seicp�nw ap� to ap�luto aut� �rio apomakr�njhkan wc {�poptec}. Ta statistik� twn telik�nanhgm�nwn parathr�sewn, o arijm�c twn shme�wn pou ap�meinan, kaj�c kai to posost� twnmetr�sewn pou apomakr�njhkan parousi�zontai ston p�naka 7.30. Sta sq�mata 7.43 kai 7.44parousi�zontai h arqik� kai telik� katanom� twn tim�n bar�thtac met� thn apom�krunshtwn {�poptwn} metr�sewn. Ap� th mel�th twn sqhm�twn fa�netai �ti apomakr�nontaikur�wc om�dec metr�sewn ap� sugkekrim�nec perioq�c (p.q., om�da metr�sewn sto b�reio



252 EFARMOGES THS JEWRIAS SUSTHMATWN...P�nakac 7.30: Oi anhgm�nec tim�c twn anwmali�n bar�thtac, met� thn apom�krunsh �poptwntim�n. M E MT MTS TA Ap�meinan Apomakr�njhkanmGal %EGM96 77.863 -77.707 -1.860 25.960 �25.893 74012 1.5GPM98 37.714 -37.681 -0.186 12.572 �12.570 72143 4
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Sq�ma 7.43: H katanom� twn anhgm�nwn anwmali�n bar�thtac prin thn apom�krunsh twn{�poptwn} parathr�sewn (75158 tim�c).tm�ma thc E�boiac). Aut� e�nai dunat� na ofe�letai se susthmatik� sf�lmata tou sugke-krim�nou sun�lou tim�n. Epipl�on, apomakr�nontai k�poiec tim�c sthn orein� Ell�da, oiopo�ec e�nai pijan�tero na peri�qoun k�poia sf�lmata l�gw anagwg�c. E�nai eun�hto �time thn teqnik� aut� pijan�c apomakr�nontai kai metr�seic, oi opo�ec den peri�qoun k�poiosf�lma, apl�c perigr�foun tic �ntonec gewmorfologik�c idiaiter�thtec twn perioq�n. Oi�ntonec aut�c idiaiter�thtec qarakthr�zoun ta shme�a twn metr�sewn met� thn apom�krunshtwn mont�lwn bar�thtac kai topograf�ac. Oi metr�seic aut�c e�nai �mwc el�qistec stonarijm�, afo� sth qeir�terh per�ptwsh afaire�tai m�lic to 4% twn arqik�n metr�sewn.Akolo�jhse h pr�gnwsh twn dedom�nwn se pl�gma. Qrhsimopoi�jhkan d�o alg�rijmoiparembol�c: h parembol� me th qr�sh kentrobariko� m�sou �rou m�sw tou progr�mmatocgeogrid [36] kai h parembol� me th qr�sh kamp�lwn splines suneqo�c kampul�thtac m�sw thcuporout�nac surface [34]. Sthn per�ptwsh tou EGM96 epil�qjhke o k�nnaboc pou pro�kuyeap� thn efarmog� kentrobariko� m�sou �rou, l�gw thc pros�ggishc twn statistik�n tim�nme ta statistik� twn aujentik�n shmeiak�n dedom�nwn. Ta dedom�na se morf� pl�gmatoc,kaj�c ep�shc kai ped�o tuqa�ou jor�bou TA 5 mGal eis�gontai sto s�sthma apl�c eis�dou
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Sq�ma 7.44: H katanom� twn anhgm�nwn anwmali�n bar�thtac met� thn apom�krunsh twn{�poptwn} parathr�sewn (72143 tim�c).- apl�c ex�dou me j�rubo. Upolog�zetai h suneisfor� twn anhgm�nwn dedom�nwn kai epa-naf�rontai oi apoq�c tou gewdunamiko� mont�lou kai h �mmesh ep�drash sta uy�metra tougeweido�c. H �lh diadikas�a parousi�zetai ston p�naka 7.31 kai h telik� l�sh gia tonEllhnik� q�ro apeikon�zetai sto sq�ma 7.45.P�nakac 7.31: H diadikas�a epanafor�c sthn pros�ggish twn apoq�n tou geweido�c me thqr�sh tou gewdunamiko� mont�lou EGM96 (tim�c se m).M E MT MTS TANEGM96 45.580 1.130 30.881 32.708 �10.779NEGM96 +NI=O 46.024 1.398 31.640 33.476 �10.936NEGM96 +NI=O +NIND 46.011 1.398 31.630 33.465 �10.928'Omoia diadikas�a akolouj�jhke kai thn per�ptwsh thc qrhsimopo�hshc tou mont�louuyhl�c an�ptuxhc GPM98. Sthn per�ptwsh aut� melet�jhkan kai oi epidr�seic twn diafo-retik�n mej�dwn pr�gnwshc-parembol�c se pl�gma. H diadikas�a thc telik�c l�shc me thqr�sh thc parembol�c m�sw kentrobariko� m�sou �rou parousi�zetai ston p�naka 7.32 kai hant�stoiqh telik� l�sh me th qr�sh kamp�lwn parembol�c splines d�netai ston p�naka 7.33.Ta apotel�smata thc pros�ggishc twn anhgm�nwn apoq�n tou geweido�c me parathr�seiceis�dou tic anwmal�ec ele�jerou a�ra se pl�gma, oi opo�ec prok�ptoun me th qrhsimopo�hshtou algor�jmou tou kentrobariko� m�sou �rou, �pwc ep�shc kai h didi�stath sun�rthsh me-tablht�thtac sf�lmatoc twn progn�sewn apoq�n tou geweido�c, parousi�zontai sto sq�ma7.46 kai 7.47, ant�stoiqa. H sun�rthsh metablht�thtac sf�lmatoc twn ektim�sewn twn
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Sq�ma 7.45: Oi telik�c apoq�c tou geweido�c ston Ellhnik� q�ro qrhsimopoi�ntac togewdunamik� mont�lo EGM96 wc mont�lo anafor�c.P�nakac 7.32: Ta statistik� thc epanafor�c tou gewdunamiko� mont�lou GPM98 kai twn�mmeswn epidr�sewn sthn per�ptwsh pr�gnwshc twn dedom�nwn se pl�gma me th bo�jeiakentrobariko� m�sou �rou (tim�c se m).M E MT MTS TANGPM98 46.689 1.616 30.980 32.763 �10.660NGPM98 +NI=O 47.228 1.596 31.504 33.347 �10.932NGPM98 +NI=O +NIND 47.005 1.596 31.495 33.336 �10.925P�nakac 7.33: Ta statistik� thc epanafor�c tou gewdunamiko� mont�lou GPM98 kai twn�mmeswn epidr�sewn sthn per�ptwsh pr�gnwshc twn dedom�nwn se pl�gma me th bo�jeiakamp�lwn splines (tim�c se m). M E MT MTS TANGPM98 46.689 1.616 30.980 32.763 �10.660NGPM98 +NI=O 46.074 1.171 30.697 32.509 �10.702NGPM98 +NI=O +NIND 45.905 1.171 30.688 32.498 �10.695apoq�n tou geweido�c �qei th morf� sun�rthshc palmo� Dirac kai e�nai logik�, afo� tasf�lmata sthn e�sodo parousi�zontai wc tuqa�a. H metablht�thta thc sun�rthshc upo-log�sthke sta 2.121 cm2. H morf� thc sun�rthshc ja �tan entel�c diaforetik� sthnper�ptwsh qrhsimopo�hshc plhrofor�ac gia thn akr�beia twn metr�sewn kai th qronik�
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mSq�ma 7.46: Oi ektim�seic twn anhgm�nwn apoq�n tou geweido�c me mont�lo anafor�c toGPM98 kai pr�gnwsh twn anwmali�n thc bar�thtac se pl�gma me th bo�jeia kentrobariko�m�sou �rou (tim�c se m).

0

0

0

0

0

0

0

0

0 0

0
0

0

0

00
0

0

0

0

0

0

0

0

0

00
0

0

0
0

0

0

0

0

0

0

0

0

0
0 0

-3

-2

-1

0

1

2

3

-3

-2

-1

0

1

2

3

-5 -4 -3 -2 -1 0 1 2 3 4 5

-5 -4 -3 -2 -1 0 1 2 3 4 5

Sq�ma 7.47: H didi�stath sun�rthsh metablht�thtac sf�lmatoc twn ektim�sewn twn twnanhgm�nwn apoq�n tou geweido�c me mont�lo anafor�c to GPM98 kai pr�gnwsh twn anw-mali�n thc bar�thtac se pl�gma me th bo�jeia kentrobariko� m�sou �rou (tim�c se cm2).



256 EFARMOGES THS JEWRIAS SUSTHMATWN...per�odo k�je seir�c parathr�sewn, �pwc parousi�sthke sta prohgo�mena parade�gmatapros�ggishc thc jal�ssiac topograf�ac. H ep�drash twn diaforetik�n algor�jmwn pr�-gnwshc se pl�gma prok�ptei ap� ta apotel�smata twn pin�kwn 7.32 kai 7.33. Oi dia-for�c twn ektim�sewn thc mej�dou eis�dou - ex�dou exait�ac twn teqnik�n pr�gnwshc sepl�gma apotup�nontai sto sq�ma 7.48. Ap� to sq�ma 7.48 fa�netai kajar� �ti oi perioq�c
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Sq�ma 7.48: Oi diafor�c sthn ekt�mhsh twn apoq�n tou geweido�c thc mej�dou eis�dou -ex�dou exait�ac twn diaforetik�n teqnik�n pr�gnwshc se pl�gma. Mont�lo GPM98 (tim�cse m).pou parousi�zoun tic megal�terec diafor�c sth l�sh br�skontai sta s�nora tou Elladiko�q�ro, �pou h apous�a dedom�nwn odhge� sthn pr�gnwsh tim�n qamhl�c akribe�ac. H telik�pros�ggish twn apoq�n tou geweido�c me mont�lo anafor�c to GPM98 parousi�zetai stosq�ma 7.49, sthn per�ptwsh qrhsimopo�hshc dedom�nwn anwmali�n thc bar�thtac, ta opo�aprok�ptoun ap� pr�gnwsh se pl�gma me th bo�jeia kentrobariko� m�sou �rou. Oi diafor�csthn ekt�mhsh twn telik�n apoq�n tou geweido�c metax� twn l�sewn pou anaf�rontai sediaforetik� mont�la anafor�c (GPM98 - EGM96) parousi�zontai ston p�naka 7.34, en� hgewgrafik� katanom� touc apeikon�zetai sto sq�ma 7.50. 'Opwc fa�netai ap� to sq�maP�nakac 7.34: Oi diafor�c metax� twn d�o l�sewn � GPM98 - EGM96 (tim�c se m).M E MT MTS TADiafor�c 2.202 -2.912 -0.135 0.527 �0.5097.50, oi meg�lec diafor�c entop�zontai kur�wc stic perioq�c me arai� k�luyh dedom�nwn, � kaipl�rh apous�a parathr�sewn. Aut� e�nai fusik�, afo� stic perioq�c aut�c h m�nh diafor�sth l�sh e�nai h qrhsimopo�hsh diaforetiko� mont�lou anafor�c. Shmei�netai �ti kai stic
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Sq�ma 7.49: Oi telik�c apoq�c tou geweido�c ston Ellhnik� q�ro qrhsimopoi�ntac togewdunamik� mont�lo GPM98 wc mont�lo anafor�c.d�o peript�seic qrhsimopoi�jhkan dedom�na anwmali�n bar�thtac, ta opo�a anaf�rjhkan sepl�gma me th bo�jeia kentrobariko� m�sou �rou, �tsi �ste k�je diafor� l�gw algor�jmouparembol�c na apaleifje�. Stic problhmatik�c perioq�c, to mont�lo uyhl�c an�ptuxhc pro-segg�zei se uyhl�tero bajm� to f�sma tou ped�ou bar�thtac kai gia to l�go aut�n apo-tup�nei kal�tera tic apoq�c tou geweido�c.H parap�nw s�gkrish g�netai periss�tero katanoht� me th qrhsimopo�hsh exwterik�ndedom�nwn. Oi sugkr�seic me dedom�na, ta opo�a de sqet�zontai me tic baruthmetrik�cl�seic, e�nai dunat� na odhg�soun se asfal�stera sumper�smata gia thn poi�thta twnd�o ektim�sewn. Sthn per�ptwsh thc sugkekrim�nhc efarmog�c qrhsimopoio�ntai metr�seicGPS kai gewmetrik�c qwrost�jmishc, oi opo�ec sugkr�nontai me tic ektim�seic twn telik�napoq�n tou geweido�c. Katarq�n, qrhsimopoio�ntai 35 shme�a sthn eur�terh perioq� thcJessalon�khc [3], [46]. Oi sugkr�seic pragmatopoi�jhkan prin kai met� thn efarmog� en�cmetasqhmatismo� tess�rwn param�trwn [19]. Ta apotel�smata prin kai met� to metasqh-matism� parousi�zontai ston p�naka 7.35. 'Opwc fa�netai, ta apotel�smata belti�nontaiaisjht� me th qr�sh en�c mont�lou uyhl�c an�ptuxhc. Apomakr�nontac ta upoloip�menasf�lmata l�gw diafor�c st�jmhc kai kl�sewn h TA twn diafor�n e�nai thc t�xhc twn 4ekatost�n. Par�moia s�gkrish pragmotopoi�jhke se ak�mh 10 s�meia sthn perioq� touAstako� Aitwloakarnan�ac, ta opo�a metr�jhkan sta pla�sia diplwmatik�c ergas�ac touTom�a Gewdais�ac kai Topograf�ac tou A.P.J. [48], [47]. Oi sugkr�seic prin kai met� thnefarm�gh tou parametriko� mont�lou metasqhmatismo� parousi�zontai ston p�naka 7.36. Hbelt�wsh twn sugkr�sewn me th qrhsimopo�hsh tou mont�lou uyhl�c an�ptuxhc parousi�zetaikai sthn perioq� tou Astako�.Akolo�jhse h s�gkrish stic jal�ssiec perioq�c qrhsimopoi�ntac ta dedom�na tou do-ruf�rou T/P. Sugkekrim�na qrhsimopoi�jhkan �lec oi tim�c twn uy�n thc stigmia�ac jal�s-
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Sq�ma 7.50: Oi diafor�c metax� twn d�o l�sewn � GPM98 - EGM96 (tim�c se m).P�nakac 7.35: Oi diafor�c metax� thc baruthmetrik�c l�shc kai twn apoq�n pou prok�ptounap� metr�seic GPS kai gewmetrik�c qwrost�jmhshc sthn eur�terh perioq� thc Jessa-lon�khc. Prin to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -3.067 -2.540 -2.772 �0.123L�sh me anafor� to GPM98 -3.055 -2.759 -2.905 �0.060Met� to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -0.084 0.114 0.000 �0.048L�sh me anafor� to GPM98 -0.095 0.106 0.000 �0.039siac st�jmhc, diorjwm�nec s�mfwna me ta �sa anaf�rjhkan sto kef�laio 3, tou k�klou up'arijm� 200. Prosdior�sthkan oi diafor�c se 382 sunolik� shme�a, h katanom� twn opo�wnfa�netai sto sq�ma 7.51. Ta statistik� twn sugkr�sewn prin kai met� thn efarmog� en�cparametriko� mont�lou metasqhmatismo�, t�so gia thn per�ptwsh thc l�shc me anafor�to GPM98, �so kai sthn per�ptwsh thc l�shc me anafor� to EGM96 parousi�zontai stonp�naka 7.37. Ap� tic sugkr�seic epibebai�netai gia ak�mh m�a for� h meg�lh suneisfor� twnmont�lwn uyhl�c an�ptuxhc. Oi diafor�c pou parathro�ntai e�nai fusiologik�c, afo� kat�th diadikas�a den afair�jhke ap� ta altimetrik� dedom�na h dunamik� jal�ssia topograf�a,t�so to sqed�n st�simo m�roc thc, �so kai to qronik� metaball�meno m�roc. To qronik� me-taball�meno m�roc e�nai dunat� na �qei meg�lh ep�drash sta apotel�smata twn sugkr�sewn,afo� lamb�nontai dedom�na en�c kai m�no k�klou. Oi diafor�c sta shme�a mpore� na jew-



KEFALAIO 7 259P�nakac 7.36: Oi diafor�c metax� thc baruthmetrik�c l�shc kai twn apoq�n pou prok�ptounap� metr�seic GPS kai gewmetrik�c qwrost�jmhshc sthn eur�terh perioq� tou Astako�Aitwloakarnan�ac. Prin to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -0.922 -0.701 -0.821 �0.065L�sh me anafor� to GPM98 -0.702 -0.517 -0.655 �0.053Met� to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -0.054 0.057 0.000 �0.028L�sh me anafor� to GPM98 -0.051 0.055 0.000 �0.027
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Sq�ma 7.51: H katanom� twn metr�sewn tou T/P.rhje� �ti apotelo�n m�a ekt�mhsh thc jal�ssiac topograf�ac stic sugkekrim�nec gewgrafik�cj�seic.Gia thn epibeba�wsh thn suneisfor�c twn topik�n dedom�nwn bar�thtac kai topograf�acoi �diec sugkr�seic pragmatopoi�jhkan metax� twn metr�sewn GPS kai qwrost�jmhshc kaitwn apoq�n, oi opo�ec prok�ptoun ap� th qr�sh twn gewdunamik�n mont�lwn kai m�no.Oi sugkr�seic sthn perioq� thc Jessalon�khc parousi�zontai ston p�naka 7.38, en� oiant�stoiqec sugkr�seic gia thn perioq� tou Astako� d�nontai ston p�naka 7.39. Me mel�thtwn pin�kwn 7.35, 7.38, 7.36 kai 7.39 diakr�netai kajar� h belt�wsh twn sugkr�sewn me thsuneisfor� �lwn twn dedom�nwn bar�thtac kai topograf�ac.



260 EFARMOGES THS JEWRIAS SUSTHMATWN...P�nakac 7.37: Oi diafor�c metax� thc baruthmetrik�c l�shc kai twn uy�n thc stigmia�acst�jmhc thc j�lassac tou T/P (k�kloc 200 � tim�c se m).Prin to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -3.081 -0.292 -0.912 �0.360L�sh me anafor� to GPM98 -1.792 -0.226 -0.830 �0.276Met� to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -2.148 0.414 0.000 �0.250L�sh me anafor� to GPM98 -0.526 0.601 0.000 �0.182P�nakac 7.38: Oi diafor�c metax� twn apoq�n twn baruthmetrik�n mont�lwn kai twn apoq�npou prok�ptoun ap� metr�seic GPS kai gewmetrik�c qwrost�jmhshc sthn eur�terh perioq�thc Jessalon�khc. Prin to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -1.527 -0.879 -1.186 �0.230L�sh me anafor� to GPM98 -1.745 -1.471 -1.634 �0.063Met� to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -0.227 0.260 0.000 �0.139L�sh me anafor� to GPM98 -0.091 0.158 0.000 �0.051P�nakac 7.39: Oi diafor�c metax� twn apoq�n twn baruthmetrik�n mont�lwn kai twn apoq�npou prok�ptoun ap� metr�seic GPS kai gewmetrik�c qwrost�jmhshc sthn eur�terh perioq�tou Astako� Aitwloakarnan�ac. Prin to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -0.541 0.740 0.593 �0.057L�sh me anafor� to GPM98 -0.045 0.200 0.063 �0.075Met� to metasqhmatism�E M MT TAL�sh me anafor� to EGM96 -0.058 0.059 0.000 �0.029L�sh me anafor� to GPM98 -0.054 0.057 0.000 �0.0287.3.4 Sunduasm�c anwmali�n thc bar�thtac kai metr�sewn GPS giaton prosdiorism� geweido�c sunduasmo�Gia to arijmhtik� aut� par�deigma epil�qjhke h perioq� thc Jessalon�khc exait�ac thc�parxhc metr�sewn GPS se gnwst� shme�a orjometrik�n uyom�trwn. Mia arqik� ekt�mhshtwn apoq�n tou geweido�c sthn perioq� kai h mel�th touc sugkrin�menec me metr�seic GPSkai gewmetrik�c qwrost�jmhshc parousi�zetai ap� touc Andrits�no k.a. [46] kai ap� toucAndritsanos et al. [3].Gia ton prosdiorism� tou geweido�c sunduasmo� qrhsimopoi�jhkan 408 shmeiak�c tim�canwmali�n thc bar�thtac, oi opo�ec e�nai m�roc tou yhfiako� arqe�ou thc G.U.S., �pwc ep�shckai 35 shme�a GPS-gewmetrik�c qwrost�jmhshc, ta opo�a metr�jhkan kat� th di�rkeia�reunac metax� tou Tom�a Gewdais�ac kai Topograf�ac tou Tm�matoc Agron�mwn kai To-



KEFALAIO 7 261pogr�fwn Mhqanik�n tou A.P.J. kai thc G.U.S. Oi shmeiak�c tim�c twn anwmali�n bar�-thtac anaf�rjhkan sto pagk�smio gewdunamik� mont�lo uyhl�c an�ptuxhc GPM98 kai di-orj�jhkan ap� tic epidr�seic tou anagl�fou qrhsimopoi�ntac to yhfiak� mont�lo ed�fouctou progr�mmatoc GLOBE [14]. H diadikas�a anagwg�c perigr�fetai ston p�naka 7.40.'Opwc fa�netai, h apom�krunsh tou gewdunamiko� mont�lou kai h efarmog� twn diorj�sewnP�nakac 7.40: Oi anagwg� twn shmeiak�n anwmali�n bar�thtac sthn perioq� thc Jessa-lon�khc (tim�c se mGal). M E MT MTS TA�gFA 153.466 -9.685 57.854 66.701 �33.196�gFA ��gGPM98 72.464 -57.721 11.965 20.424 �16.553�gFA ��gGPM98 + tc 74.173 -53.945 14.148 21.439 �16.108l�gw anagl�fou exomal�nei to ped�o twn anwmali�n eleuj�rou a�ra. Akolo�jhse h dh-miourg�a kann�bou 30 � 30 twn anhgm�nwn anwmali�n sthn perioq� 40:�25 � � � 41� kai22:�45 � � � 24� qrhsimopoi�ntac ton alg�rijmo tou kentrobariko� m�sou �rou m�sw touprogr�mmatoc geogrid [36]. Ta statistik� tou ped�ou pou pro�kuye, to opo�o apotele� kaito ped�o eis�dou sto pollapl� s�sthma, parousi�zontai ton p�naka 7.41. To anhgm�no ped�oP�nakac 7.41: Ta statistik� tou ped�ou eis�dou twn anwmali�n thc bar�thtac (tim�c semGal). M E MT MTS TA�gred 70.721 -36.031 13.998 17.321 �10.202twn anwmali�n thc bar�thtac apeikon�zetai sto sq�ma 7.52.Ap� ta dedom�na eis�dou twn metr�sewn GPS-gewmetrik�c qwrost�jmhshc afair�jhke hep�drash tou gewdunamiko� mont�lou GPM98 kai apomakr�njhke h �mmesh ep�drash thctopograf�ac. Aut� pragmatopoi�jhke gia th sumbat�thta me to ped�o twn anwmali�neleuj�rou a�ra. H anagwg� twn apoq�n GPS parousi�zetai ston p�naka 7.42. Akolo�jhseP�nakac 7.42: H anagwg� twn apoq�n GPS (tim�c se m).M E MT MTS TANGPS 42.312 41.322 41.748 41.749 �0.239NGPS �NGPM98 -1.476 -1.721 -1.647 1.647 �0.052NGPS �NGPM98 �NIND -1.455 -1.718 -1.642 -1.643 �0.055h pr�gnwsh se pl�gma sth �dia perioq� me tic anwmal�ec eleuj�rou a�ra. To ped�o eis�dousto pollapl� s�sthma �qei th morf� kann�bou 16�32 kai ta statistik� tou d�nontai stonp�naka 7.43. To anhgm�no ped�o twn apoq�n GPS apeikon�zetai sto sq�ma 7.53.P�nakac 7.43: Ta statistik� tou ped�ou eis�dou twn apoq�n GPS (tim�c se m).M E MT MTS TANred -1.496 -1.691 -1.630 1.630 �0.023H qr�sh twn FFT sthn e�resh twn sunart�sewn pukn�thtac f�smatoc akolouj�ntacthn �mesh m�jodo prosdiorismo� (periodogram) pro�poj�tei thn pr�gnwsh twn dedom�nwnse pl�gma me ta �poia probl�mata aut� sunep�getai sthn exom�lunsh twn shm�twn. H
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mGalSq�ma 7.52: To ped�o eis�dou twn anhgm�nwn anwmali�n eleuj�rou a�ra.qr�sh twn shmeiak�n tim�n sthn e�resh twn sunart�sewn pukn�thtac f�smatoc, m�swparametrik�n mont�lwn, �pwc parousi�zontai sto kef�laio 6, apotele� th l�sh sto pr�blhmathc pr�gnwshc se pl�gma. To sugkekrim�no pr�blhma parousi�zetai �ntono sthn per�ptwshtwn metr�sewn GPS, l�gw thc qamhl�c diakritik�c ikan�thtac twn metr�sewn. H adunam�aaut� fa�netai kajar� sto sq�ma 7.53, �pou diakr�netai h adunamia perigraf�c twn uyhl�nsuqnot�twn tou f�smatoc twn apoq�n tou geweido�c.'Ena ak�mh pr�blhma, to opo�o �qei anaferje� kai stic prohgo�menec efarmog�c, sqet�ze-tai me to j�rubo twn metr�sewn sthn e�sodo. Gia thn pros�ggish thc sun�rthshc pukn�thtacf�smatoc tou sf�lmatoc sthn e�sodo e�nai apara�thtec epanalamban�menec metr�seic, � plh-rofor�ec gia tic qronik�c peri�douc twn metr�sewn. H apa�thsh aut� e�nai pol� d�skolo naefarmoste� stic baruthmetrik�c parathr�seic l�gw tou uyhlo� k�stouc. To pr�blhma aut�ja antimetwpiste� sto m�llon me tic problep�menec baruthmetrik�c doruforik�c apostol�c(p.q., GOCE). 'Oson afor� stic metr�seic GPS, to pr�blhma tou jor�bou e�nai dunat� naantimetwpiste� kat�llhla me thn ulopo�hsh m�nimwn stajm�n sthn perioq� mel�thc kai thm�trhsh se shme�a p�knwshc an� takt� qronik� diast�mata. Sth sugkekrim�nh efarmog�qrhsimopoi�jhkan ped�a tuqa�ou jor�bou, oi tim�c twn opo�wn akoloujo�n thn kanonik� ka-tanom� me TA 5 mGal kai 5 cm ant�stoiqa.Ta ped�a twn parathr�sewn kai twn jor�bwn eis�dou eis�qjhsan sto pollapl� s�sthmadipl�c eis�dou - apl�c ex�dou. H metablht�thta tou sf�lmatoc thc ekt�mhshc twn apoq�nsunduasmo� e�nai 2.62 cm2. H telik� l�sh twn apoq�n, met� thn epanafor� tou mont�louanafor�c kai th di�rjwsh l�gw �mmeshc ep�drashc sta uy�metra tou geweido�c, parousi�-zetai ston p�naka 7.44 kai apeikon�zetai sto sq�ma 7.54. Akolo�jhsan oi sugkr�seic twnapoq�n tou geweido�c pou pro�kuyan me th bo�jeia tou algor�jmou eis�dou-ex�dou me ticmetr�seic sta 35 shme�a GPS-gewmetrik�c qwrost�jmhshc. Ta apotel�smata prin kai met�thn efarmog� en�c parametriko� mont�lou tess�rwn param�trwn [19] parousi�zontai ston
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mSq�ma 7.53: To ped�o eis�dou twn anhgm�nwn apoq�n GPS.P�nakac 7.44: Oi telik�c apoq�c sunduasmo� sthn perioq� thc Jessalon�khc (tim�c se m).M E MT MTS TANGPM98 44.270 41.207 42.903 42.909 �0.717NGPM98 +NI=O 43.816 40.672 42.454 42.461 �0.738NGPM98 +NI=O +NIND 43.785 40.672 42.450 42.456 �0.733p�naka 7.45. H belt�wsh twn diafor�n me thn afomo�wsh (assimilation) twn metr�sewn twnP�nakac 7.45: Ta apotel�smata twn sugkr�sewn twn sunduasm�nwn apoq�n tou geweido�csta 35 shme�a tou dikt�ou thc Jessalon�khc (tim�c se m).E M MT TAPrin to metasqhmatism� -1.315 -1.135 -1.239 �0.041Met� to metasqhmatism� -0.056 0.079 0.000 �0.030apoq�n GPS sto mont�lo thc l�shc, m�sw thc mej�dou twn susthm�twn eis�dou-ex�doudiakr�netai ap� th s�gkrish twn pin�kwn 7.45 kai 7.35 ap� th qr�sh m�no baruthmetrik�ndedom�nwn gia ton prosdiorism� tou geweido�c. H belt�wsh aut� ft�nei to 1 ekatost�met� thn efarmog� tou mont�lou metasqhmatismo�. H sunduasm�nh qr�sh twn metr�sewnGPS-gewmetrik�c qwrost�jmhshc kai twn baruthmetrik�n apoq�n tou geweido�c odhge�sthn beltistopo�hsh thc pros�ggishc tou geweido�c, lamb�nontac up�yh th suneisfor� twneterogen�n dedom�nwn.H anagkai�thta sth qr�sh twn topik�n dedom�wn bar�thtac kai GPS sth beltistopo�hsh
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mSq�ma 7.54: Oi telik�c apoq�c sunduasmo� tou geweido�c sthn perioq� thc Jessalon�khc.thc pros�ggishc tou geweido�c parousi�zetai ston p�naka 7.46. 'Opwc fa�netai ap� thP�nakac 7.46: Ta apotel�smata to sugkr�sewn me th qr�sh m�no tou gewdunamiko� mont�louGPM98. E M MT TAPrin to metasqhmatism� -1.732 -1.466 -1.646 �0.056Met� to metasqhmatism� -0.075 0.152 0.000 �0.047mel�th twn pin�kwn 7.45 kai 7.46, h qr�sh twn topik�n dedom�wn kai twn metr�sewn GPSbelti�nei aisjht� ta apotel�smata. Ak�mh kai prin to metasqhmatism�, oi diafor�c stashme�a GPS me th qr�sh thc sunduasm�nhc pros�ggishc e�nai mikr�terec ap� tic diafor�cmet� to metasqhmatism� me th qr�sh tou gewdunamiko� mont�lou kai m�no.7.4 Anakefala�wshSto kef�laio aut� parousi�sthkan oi efarmog�c thc jewr�ac twn susthm�twn sthn pro-s�ggish tou ped�ou bar�thtac. Qrhsimopoi�jhkan dedom�na prosomo�wshc, all� kai prag-matik� dedom�na. Melet�jhke h ep�drash thc katanom�c kai tou meg�jouc tou jor�boueis�dou stic ektim�seic ex�dou kai sthn akr�beia thc pros�ggishc, oi sunart�seic meta-blht�thtac twn sfalm�twn twn ektim�sewn, h ep�drash thc m�shc tim�c twn ped�wn kai toubajmo� an�ptuxhc tou gewdunamiko� mont�lou, h dunat�thta sunduasmo� metr�sewn GPS-gewmetrik�c qwrost�jmhshc, altimetrik�n parathr�sewn kai baruthmetrik�n dedom�nwnm�sa ap� parade�gmata prosomo�wshc twn jor�bwn eis�dou. Exet�sthkan oi sunart�seic



KEFALAIO 7 265pukn�thtac f�smatoc twn sfalm�twn twn altimetrik�n parathr�sewn sthn perioq� thcAnatolik�c Mesoge�ou kai prosegg�sthke h dunamik� jal�ssia topograf�a, kaj�c kaim�a ekt�mhsh thc ro�c twn ud�twn thc perioq�c. Anal�jhkan oi et�siec sunist�sec thcjal�ssiac topograf�ac, oi opo�ec bas�zontai stic epanalamban�menec altimetrik�c para-thr�seic. Akolo�jhse h efarmog� se perifereiak� kl�maka melet�ntac kai thn ep�drashd�o diaforetik�n mej�dwn pros�ggishc thc sun�rthshc pukn�thtac f�smatoc tou jor�boueis�dou. T�loc, prosegg�sthke to geweid�c gia ton Ellhnik� q�ro qrhsimopoi�ntac thjewr�a twn susthm�twn, kaj�c ep�shc kai to topik� geweid�c sunduasmo� sthn perioq� thcJessalon�khc.Sta parade�gmata tou kefala�ou efarm�sthke h jewr�a sunduasmo� twn susthm�twneis�dou-ex�dou pou parousi�sthke sto kef�laio 6, qrhsimopoi�jhkan ta dedom�na, h sullog�kai epexergas�a twn opo�wn perigr�fetai sta kef�laia 3, 4 kai 5 kai akolouj�jhkan oijewr�ec thc gewdais�ac kai thc wkeanograf�ac pou parousi�sthkan sta kef�laio 2 kai 5.Sto ep�meno kef�laio akoloujo�n ta sumper�smata pou pro�kuyan ap� thn efarmog� twnjewri�n aut�n sthn pros�ggish tou ped�ou bar�thtac, kaj�c kai oi prot�seic gia perait�rw�reuna kai ex�lixh twn mej�dwn.
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Kef�laio 8Sumper�smata � Prot�seicSthn paro�sa diatrib� anal�jhkan n�ec m�jodoi l�sewn sunduasmo� tou ped�ou bar�thtackai parousi�sthkan oi efarmog�c touc stic epist�mec thc fusik�c gewdais�ac kai thc wkea-nograf�ac. Idia�terh �mfash d�jhke sthn perigraf� twn s�gqronwn mej�dwn pros�ggishctou ped�ou bar�thtac kai stic en g�nei adunam�ec touc, oi opo�ec odhgo�n sthn anagkai�thtaeisagwg�c n�wn mej�dwn sunduasmo�. Anapt�qjhkan oi diaforetik�c ermhne�ec k�je pros�g-gishc (nteterministik� kai stoqastik� up�bajro) kai oi basik�c j�seic twn uposthrikt�ntouc. Parousi�sthke ekten�c h qr�sh twn FFT stic mej�douc pros�ggishc kai oi su-nart�seic pur�nec twn sq�sewn anal�jhkan t�so se ep�pedh, �so kai se sfairik� morf�. Hekten�c an�lush twn fasmatik�n teqnik�n pros�ggishc kr�jhke apara�thth exait�ac tou fa-smatiko� qarakt�ra twn n�wn teqnik�n sunduasmo�. Anal�jhkan ak�ma oi basik�c phg�ctwn eterogen�n dedom�nwn pou qrhsimopoio�ntai sthn pros�ggish tou ped�ou bar�thtackai perigr�fhkan oi arq�c m�trhshc, oi kuri�terec phg�c sfalm�twn kai h epexergas�a kaisun�rjwsh twn dedom�nwn thc altimetr�ac kai thc jal�ssiac baruthmetr�ac. Anapt�qjhkanep�shc ta basik� stoiqe�a thc epist�mhc thc fusik�c wkeanograf�ac kai oi sq�seic touc metic prosegg�seic tou g�inou ped�ou bar�thtac.H m�jodoc sunduasmo� pou parousi�sthke sth diatrib� sthr�zetai sthn efarmog� thcjewr�ac twn susthm�twn eis�dou - ex�dou stic gewepist�mec. Pr�keitai gia m�a fasma-tik� teqnik�, h opo�a sundu�zei b�ltista eterogen� dedom�na axiopoi�ntac tic plhrofor�ecgia th morf� tou f�smat�c touc. Oi plhrofor�ec aut�c par�qontai m�sw thc sun�rthshcpukn�thtac f�smatoc twn dedom�nwn, h opo�a antiproswpe�ei thn isq� tou s�matoc twnmetr�sewn se sugkekrim�nec suqn�thtec tou f�smatoc. H axiopo�hsh twn plhrofori�naut�n pragmatopoie�tai m�sa ap� thn eisagwg� katall�lwn krithr�wn gia ton upologism�twn b�ltistwn sunart�sewn ap�krishc suqn�thtac, dhlad� twn sunart�sewn pou sund�ounta s�mata eis�dou (parathr�seic) me ta s�mata ex�dou (progn�seic). Ta krit�ria aut�sthr�zontai sthn elaqistopo�hsh tou jor�bou sthn �xodo kai sth jewro�menh grammik�thtatwn susthm�twn s�ndeshc. Sth diatrib� anapt�qjhke kai parousi�sthke gia pr�th for�h genikeum�nh morf� thc jewr�ac, dhlad� ta genike�mena sust�mata pollapl�c eis�dou -pollapl�c ex�dou me j�rubo kai apode�qjhke h morf� twn exis�sewn s�ndeshc s�mfwna metic algebrik�c jewr�ec twn pin�kwn. Idia�terh �mfash d�jhke sthn algorijmik� epexergas�atwn dedom�nwn kai sunt�qjhke kat�llhloc phga�oc k�dikac se fortran gia thn efarmog�thc jewr�ac se praktik�c efarmog�c. To di�gramma ro�c kai ta basik�tera shme�a touprogr�mmatoc parousi�zontai sto par�rthma 1.H m�jodoc twn genikeum�nwn susthm�twn pollapl�c eis�dou - pollapl�c ex�dou e�naimia teqnik�, me th bo�jeia thc opo�ac e�nai efikt� h taut�qronh qrhsimopo�hsh dedom�nwnap� diaforetik�c phg�c, me thn pro�p�jesh �ti e�nai dunat� na upologisto�n oi sunart�seicpukn�thtac tou f�smat�c touc kai tou f�smatoc twn sfalm�twn touc. Apotele�, dhlad�, m�am�jodo sunduasmo� eterogen�n dedom�nwn kai pr�gnwshc sunistws�n tou ped�ou bar�thtac.Apara�thtec e�nai ak�ma kai oi sq�seic s�ndeshc twn diaf�rwn posot�twn metax� touc,271



272 SUMPERASMATA � PROTASEISt�so metax� twn dedom�nwn, �so kai metax� twn dedom�nwn kai twn progn�sewn. Ap� thstigm� pou oi pos�thtec pou sqet�zontai me to ped�o bar�thtac sund�ontai me th sun�rthshtou diataraktiko� dunamiko�, e�nai dunat� na prosdioristo�n oi ex�swseic s�ndeshc twndedom�nwn thc jewr�ac twn susthm�twn. B�baia, h m�jodoc sthr�zetai stic fasmatik�cidi�thtec twn dedom�nwn kai, epom�nwc, apaite�tai h suneliktik� morf� twn oloklhrwma-tik�n sq�sewn pou ta sund�oun. O fasmatik�c qarakt�rac thc mej�dou dieukol�nei thnepexergas�a meg�lou pl�jouc dedom�nwn kai thn gr�gorh pros�ggish thc telik�c ekt�mhshc.To qarakthristik� aut� parousi�zetai idia�tera qr�simo sth s�gqronh epoq� exait�ac toumeg�lou �gkou eterogen�n parathr�sewn pou sull�gontai gia thn perigraf� tou ped�ou.Ekt�c ap� ton eterogen� qarakt�ra pou prosd�detai gia pr�th for� se fasmatik� m�jodo,parousi�zetai kai h dunat�thta met�doshc twn sfalm�twn sta apotel�smata, kat� pou dene�nai dunat� stic sun�jeic fasmatik�c teqnik�c. H qrhsimopo�hsh twn ek twn prot�rwn plh-rofori�n gia ta sf�lmata twn parathr�sewn axiopoio�ntai ap� th jewr�a twn susthm�twnkai prosegg�zontai plhrofor�ec gia thn eswterik� akr�beia thc ekt�mhshc. H akr�beiaekfr�zetai m�sw tou upologismo� thc sun�rthshc pukn�thtac f�smatoc twn sfalm�twnsthn �xodo, se analog�a me thn ekt�mhsh twn sunart�sewn metablht�thtac twn sfalm�twntwn agn�stwn sth mejodo thc shmeiak�c prosarmog�c. Oi omoi�thtec kai oi diafor�ctwn d�o mej�dwn parousi�sthkan sto kef�laio 6. H ekt�mhsh twn b�ltistwn sunart�sewns�ndeshc metax� twn shm�twn eis�dou kai ex�dou (sunart�seic ap�krishc suqn�thtac) prag-matopoie�tai me thn eisagwg� krithr�wn elaqistopo�hshc twn sfalm�twn sthn �xodo, taopo�a �qoun wc apot�lesma thn kat�llhlh tropopo�hsh twn sunart�sewn aut�n. H sugke-krim�nh tropopo�hsh pragmatopoie�tai m�sw thc elaqistopo�hshc tou l�gou jor�bou-proc-s�ma (noise-to-signal ratio). M�sa ap� kat�llhlec arijmhtik�c efarmog�c prosomo�wshcapode�qjhke �ti, h ekt�mhsh kai h qr�sh thc b�ltisthc sun�rthshc ap�krishc suqn�thtac�qei wc apot�lesma to filtr�risma sqed�n tou sun�lou tou jor�bou eis�dou. To gegon�caut� katadeikn�ei th mikr� euaisjhs�a thc mej�dou sto m�gejoc twn sfalm�twn twn pa-rathr�sewn. H akr�beia thc pr�gnwshc, h opo�a antistoiqe� sthn ikan�thta sunduasmo�twn shm�twn eis�dou, kaj�c kai sthn �parxh � mh grammik�thtac tou mont�lou, ekfr�zetaim�sw twn sunart�sewn pukn�thtac f�smatoc twn sfalm�twn, oi opo�ec e�nai dunat� nametasqhmatisto�n (ant�strofh �mmesh m�jodoc � inverse correlogram) se sunart�seic meta-blht�thtac sf�lmatoc twn ektim�sewn twn agn�stwn. Ton�zetai ak�ma h meg�lh diafor�ston upologistik� qr�no twn fasmatik�n prosegg�sewn se s�gkrish me tic prosegg�seic stoq�ro twn apost�sewn. Aut� ofe�letai katarq�n stic mikr�terec diast�seic twn pin�kwn pouqrhsimopoio�ntai sthn per�ptwsh thc mej�dou twn susthm�twn. 'Ena ak�ma pleon�kthmathc teqnik�c aut�c e�nai h dia�resh twn pin�kwn kat� thn telik� f�sh thc ekt�mhshc an�suqn�thta, ant� thc pol�plokhc diadikas�ac thc antistrof�c pou efarm�zetai sth m�jodothc shmeiak�c prosarmog�c.Se ant�jesh me �la ta parap�nw, h genikeum�nh jewr�a twn susthm�twn pollapl�ceis�dou - pollapl�c ex�dou parousi�zei kai k�poiec adunam�ec pou kajisto�n thn efarmog�thc sqetik� d�skolh, all� kai pou d�noun th dunat�thta perait�rw �reunac gia thn apo-telesmatik� antimet�pis� touc. M�a basik� adunam�a thc mej�dou e�nai h apa�thsh para-thr�sewn asusq�tistwn me ta sf�lmat� touc sthn e�sodo. H paradoq� aut� e�nai apara�ththgia thn pros�ggish thc sun�rthshc pukn�thtac f�smatoc metax� twn shm�twn eis�dou kaitwn ektim�sewn sth �xodo. Ep�shc, h adunam�a apeuje�ac upologismo� twn sunart�sewnpukn�thtac f�smatoc ap� ta shmeiak� dedom�na eis�gei k�poia abebai�thta wc proc thnkatallhl�thta twn teqnik�n pr�gnwshc se pl�gma. 'Ena �llo meion�kthma e�nai h apa�thshgn�shc thc sun�rthshc pukn�thtac f�smatoc twn sfalm�twn twn parathr�sewn. 'Opwce�nai gnwst�, m�no oi metablht�thtec twn metr�sewn e�nai gnwst�c kai �qi to sf�lma to �dio.Gia to l�go aut�n, epil�gontai di�fora mont�la stasim�thtac � mont�la prosomo�wshc toujor�bou. H stasim�thta tou jor�bou sthn e�sodo odhge� sthn aplopo�hsh twn pol�plokwnsq�sewn twn susthm�twn sto q�ro twn suqnot�twn. 'Otan lhfje� up�yh h mh stasim�thtatou jor�bou, t�te oi apl�c sq�seic sto q�ro twn suqnot�twn odhgo�ntai se pol�plokecexis�seic thc �diac morf�c me th l�sh sto q�ro twn apost�sewn.



KEFALAIO 8 273To pr�blhma thc stasim�thtac tou jor�bou apotele� �na ap� ta shmantik�tera shme�a thcs�gqronhc �reunac sth gewdaitik� koin�thta. Sthn per�ptwsh twn epanalamban�menwn al-timetrik�n troqi�n e�nai dunat� h apeuje�ac ekt�mhsh thc sun�rthshc pukn�thtac f�smatoctwn parathr�sewn m�sw kat�llhlwn algorijmik�n diergasi�n pou parousi�sthkan gia pr�-th for� sthn paro�sa diatrib�. Oi teqnik�c aut�c par�qoun th dunat�thta thc pros�ggishcthc sun�rthshc pukn�thtac f�smatoc twn sfalm�twn ap� tic epanalamban�menec troqi�c kai�tsi prok�ptei h dunat�thta ekt�mhshc thc abebai�thtac stic parathr�seic. B�baia, �pwcparousi�sthke kai sto kef�laio 6, h m�jodoc aut� lamb�nei to qronik� metaball�meno m�rocthc dunamik�c jal�ssiac topograf�ac wc m�roc tou sf�lmatoc twn metr�sewn. Epipl�on,kai sthn per�ptwsh aut� idia�terh shmas�a �qei kai h teqnik� pr�gnwshc se pl�gma, h opo�ae�nai dunat� na ephre�sei tic ektim�seic twn sunart�sewn perigraf�c thc akr�beiac twn al-timetrik�n dedom�nwn.Ta �sa anaf�rjhkan prohgoum�nwc aforo�n sthn �reuna pou anapt�qjhke sthn paro�sadiatrib�. Ta arijmhtik� parade�gmata kai oi mel�tec prosomo�wshc pou anal�jhkan epi-beba�wsan thn omal� efarmog� twn n�wn jewri�n stic prosegg�seic twn param�trwn toug�inou ped�ou bar�thtac. O sunduasm�c eterogen�n dedom�nwn (p.q., anwmali�n thc bar�-thtac, metr�sewn GPS-gewmetrik�c qwrost�jmhshc, suntelest�n pagk�smiwn mont�lwn touped�ou, altimetrik�n parathr�sewn, apokl�sewn thc katakor�fou, orjometrik�n uyom�trwn,k.a.), t�so se hpeirwtik�c, �so kai se jal�ssiec perioq�c, pragmatopoi�jhke me thn efar-mog� twn n�wn mej�dwn kai ta apotel�smata ap� tic sugkr�seic se gnwst� shme�a e�naipol� enjarruntik� gia thn perait�rw enasq�lhsh me to j�ma. Par�la ta anamfisb�thtapleonekt�mata thc mej�dou, up�rqoun kai arket�c duskol�ec sthn efarmog� thc stic gewe-pist�mec, oi opo�ec parousi�sthkan kai sto k�rio m�roc thc diatrib�c. H empeir�a thcenasq�lhshc me th sugkekrim�nh m�jodo e�nai dunat� na qrhsime�sei wc odhg�c gia thnpr�tash mellontik�n ereunhtik�n enasqol�sewn me th jewr�a twn susthm�twn.'Ena pr�to st�dio belt�wshc thc mej�dou e�nai h efarmog� twn n�wn teqnik�n prosdio-rismo� twn sunart�sewn pukn�thtac f�smatoc twn dedom�nwn. Sthn paro�sa diatrib� qrh-simopoi�jhkan oi mh parametrik�c m�jodoi thc �meshc (periodogram) kai �mmeshc (correlo-gram) pros�ggishc twn sunart�sewn aut�n. Oi mont�rnec teqnik�c parametrik�n mont�lwn(AR, MA, ARMA), oi opo�ec anaf�rjhkan sto kef�laio 2, e�nai dunat� na odhg�soun seantiproswpeutik�tera apotel�smata thc isq�oc twn shm�twn eis�dou. Oi teqnik�c aut�cja pr�pei na analujo�n kai na eleqjo�n me kat�llhlouc statistiko�c el�gqouc gia th qrh-sim�thta kai thn poi�thta twn prosdiorist�wn suntelest�n twn mont�lwn.H eidik� morf� twn altimetrik�n dedom�nwn, kaj�c kai oi oloklhrwmatik�c exis�seick�nhshc twn doruf�rwn, d�noun th dunat�thta axiopo�hs�c touc gia thn pros�ggish twnsunart�sewn pukn�thtac f�smatoc, qwr�c tic exomal�nseic ap� th diadikas�a pr�gnwshcse pl�gma. H kat�llhlh tropopo�hsh twn algor�jmwn upologismo� tou metasqhmatismo�FFT �qei �dh parousiaste� sth bibliograf�a, �mwc le�pei h efarmog� sth sugkekrim�nhdom� twn altimetrik�n dedom�nwn. H par�kamyh thc parembol�c se k�nnabo ja odhg�sei seorj�tero upologism� twn sunart�sewn pukn�thtac f�smatoc twn altimetrik�n dedom�nwnkai ja suneisf�rei ta m�gista sthn an�lush twn sfalm�twn twn altimetrik�n mej�dwn.'Ena ep�meno b�ma belt�wshc e�nai h ex�lixh twn mejodologi�n pros�ggishc twn su-nart�sewn pukn�thtac f�smatoc twn sfalm�twn twn baruthmetrik�n dedom�nwn kai, ge-nik�tera, k�je e�douc metr�sewn, to opo�o den e�nai dunat� na parathre�tai me thn epana-lamban�menh morf� twn altimetrik�n dedom�nwn. 'Opwc anaf�rjhke kai sto kur�wc m�roc,m�lic pr�sfata parousi�sthkan tr�poi upologismo� twn sunart�sewn (sum)metablht�thtactwn sfalm�twn twn metr�sewn anwmali�n thc bar�thtac sth j�lassa. Oi m�jodoi aut�csthr�zontai sth diaqronik� ex�tash twn metr�sewn akolouj�ntac tic hmeromhn�ec parat�rh-shc k�je apostol�c. H gen�keush twn diadikasi�n aut�n kai se �llhc morf�c dedom�na (p.q.,dedom�na GPS-gewmetrik�c qwrost�jmhshc) ja odhg�sei sth beltistopo�hsh twn mej�dwnsunduasmo� pou parousi�sthkan.



274 SUMPERASMATA � PROTASEISM�a ak�ma beltiwm�nh je�rhsh twn diadikasi�n sunduasmo� ja prok�yei ap� thn an-timet�pish tou probl�matoc twn perioq�n diaforetik�c k�luyhc dedom�nwn. Idia�tera sesunoriak�c perioq�c metax� j�lassac kai steri�c up�rqei to pr�blhma thc adunam�ac su-nolik�c antimet�pishc twn dedom�nwn exait�ac thc mh allhlok�luyhc twn katanom�n. Topr�blhma aut� esti�zetai sthn pros�ggish thc sun�rthshc pukn�thtac f�smatoc twn pa-rathr�sewn, �tan meg�lo tm�ma thc perioq�c mel�thc parousi�zei �lleiyh dedom�nwn. Hantikat�stash me mhdenik�c tim�c den apotele� l�sh, afo� mhdenik� tim� den taut�zetai meapous�a s�matoc, all� me tim� s�matoc �sh me to mhd�n. To fain�meno aut� mpore� naantimetwpiste� kat�llhla me thn efarmog� twn s�gqronwn teqnik�n upologismo� twn su-nart�sewn pukn�thtac f�smatoc kai th qr�sh parametrik�n mont�lwn gia thn perigraf�thc sumperifor�c touc.'Opwc anaf�rjhke kai prohgoum�nwc, h morf� twn altimetrik�n dedom�nwn d�nei thdunat�thta pros�ggishc thc sun�rthshc pukn�thtac f�smatoc twn sfalm�twn twn pa-rathr�sewn me th bo�jeia kat�llhlhc algorijmik�c epexergas�ac. Sthn per�ptwsh aut�,h sunist�sa tou qronik� metaball�menou m�rouc thc dunamik�c jal�ssiac topograf�aceis�getai sth metablht� tou jor�bou. H apom�krunsh thc sunist�sac aut�c ap� to j�ruboapotele� m�a beltiwm�nh je�rhsh twn algor�jmwn pros�ggishc tou jor�bou eis�dou. Sthsugkekrim�nh morf� e�nai dunat�c o prosdiorism�c tou qronik� metaball�menou tm�matoc,par�llhla me th sqed�n-st�simh sunist�sa.Sta parade�gmata pou parousi�sthkan sto kef�laio twn efarmog�n qrhsimopoi�jhke hep�pedh pros�ggish thc sun�rthshc-pur�na twn suneliktik�n sq�sewn tou ped�ou bar�thtac.H an�ptuxh thc jewr�ac twn susthm�twn me th qr�sh didi�statwn � monodi�statwn sfai-rik�n pur�nwn ja odhg�sei se akrib�stera apotel�smata, ap� th stigm� pou h sun�rthshpukn�thtac f�smatoc metax� twn shm�twn eis�dou kai twn shm�twn ex�dou ja upolog�zetaiqrhsimopoi�ntac tic sq�seic s�ndeshc touc sto q�ro twn suqnot�twn. H qr�sh twn sfai-rik�n proegg�sewn twn FFT ja dieukol�nei thn efarmog� twn jewri�n sunduasmo� seeur�terec gewgrafik�c perioq�c, �pou h ep�drash thc kampul�thtac thc Ghc e�nai shman-tik�.Stic efarmog�c pou parousi�sthkan oi plhrofor�ec ap� tic wkeanografik�c metr�seicqrhsimopoi�jhkan kur�wc wc dedom�na sugkr�sewn kai el�gqou twn apotelesm�twn thcmej�dou. O sunduasm�c dedom�nwn thc gewdais�ac kai thc wkeanograf�ac e�nai dunat� naodhg�sei se pio axi�pista sumper�smata, eidik�tera se �,ti afor� thn pros�ggish thc duna-mik�c jal�ssiac topograf�ac. H diadikas�a sunduasmo� pr�pei na efarmoste� me idia�terhprosoq�, exait�ac twn asumfwni�n sth basik� epif�neia anafor�c (bl. kef. 5) kai opws-d�pote na pragmatopoihje� se wke�niec perioq�c gia na apofeuqje� h ep�drash twn hpeirw-tik�n ekt�sewn. Se k�je per�ptwsh, oi paradoq�c thc gewstrofik�c je�rhshc pr�pei nalamb�nontai up�yh kai h adraneiak� k�nhsh twn ud�twn na mh lamb�nei up�yh thn ep�drashthc trib�c.T�loc, to meg�lo pl�joc kai h epanalhptik� deigmatolhy�a twn dedom�nwn stic ana-men�menec doruforik�c apostol�c, oi opo�ec �qoun wc k�rio st�qo thn parat�rhsh toug�inou ped�ou bar�thtac, ja apotel�soun idanik�c efarmog�c gia th jewr�a sunduasmo�pou parousi�sthke. Oi apostol�c CHAMP, GRACE kai GOCE, oi opo�ec xekino�n ap�ta t�lh tou 2000, ja suneisf�roun sthn katan�hsh tou g�inou ped�ou bar�thtac kai sthnparat�rhsh twn diaqronik�n tou metabol�n. H jewr�a twn genikeum�nwn susthm�twn pol-lapl�c eis�dou - pollapl�c ex�dou �qei th dunat�thta thc epexergas�ac twn dedom�nwnkaje doruf�rou, all� kai sunduasmo� touc, gia m�a axi�pisth pros�ggish twn sunistws�ntou ped�ou bar�thtac. Epipl�on, se sunduasm� me tic s�gqronec altimetrik�c apostol�cpar�qetai h dunat�thta beltiwm�nhc pros�ggishc, t�so tou geweido�c, �so kai thc duna-mik�c jal�ssiac topograf�ac.Sumperasmatik�, to j�ma thc diatrib�c pou anal�jhke sqet�zetai me thn an�ptuxh n�wnmej�dwn sunduasmo� eterogen�n dedom�nwn kai thn efarmog� touc sth gewdais�a kai thn



KEFALAIO 8 275wkeanograf�a. Parousi�sthkan oi m�jodoi pros�ggishc kai oi teqnik�c metr�sewn pou qrh-simopoio�ntai sth gewdais�a, thn wkeanograf�a, th doruforik� altimetr�a kai th jal�ssiabaruthmetr�a d�nontac �mfash sto jewrhtik� up�bajro twn mej�dwn, stic arq�c twn me-tr�sewn kai tic phg�c twn sfalm�twn pou ephre�zoun tic teqnik�c aut�c. Parousi�sthkanoi exeligm�noi alg�rijmoi twn genikeum�nwn susthm�twn pollapl�c eis�dou - pollapl�cex�dou se mhtrwik� morf� d�nontac �mfash sthn pros�ggish twn sunart�sewn pukn�thtacf�smatoc twn dedom�nwn kai twn sfalm�twn thc ekt�mhshc. Epipl�on anal�jhke to basik�pr�blhma tou jor�bou eis�dou twn mej�dwn sunduasmo� kai parousi�sthkan efarmog�c to-pik�c kai perifereiak�c kl�makac me �mfash ston ellhnik� q�ro. Ta apotel�smata twnefarmog�n epibeba�wsan th qrhsim�thta twn n�wn mej�dwn sto sunduasm� eterogen�n de-dom�nwn se perioq�c steri�c kai j�lassac. H m�jodoc pou efarm�sthke parousi�zei poll�cdunat�thtec belt�wshc kai perait�rw an�ptuxhc, k�poiec ap� tic opo�ec prot�jhkan sticprohgo�menec paragr�fouc.
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Par�rthma AAkolouje� to logik� di�gramma tou progr�mmatoc fortran thc jewr�ac twn genikeum�nwnsusthm�twn pollapl�c eis�dou - pollapl�c ex�dou, to opo�o qrhsimopoi�jhke stic efar-mog�c tou kefala�ou 7. H dom� twn uporoutin�n �qei wc ex�c:� ioprog.f: K�rio m�roc tou progr�mmatoc. Eisagwg� diast�sewn kai diaqe�rishpin�kwn.� fft3d.f: Uporout�na thc IMSL gia ton upologism� tou didi�statou FFT.� fftcc.f: Uporout�na thc IMSL gia ton upologism� tou didi�statou FFT.� import1.f: Uporout�na gia thn eisagwg� twn dedom�nwn kai twn jor�bwn prosomo�-wshc.� import2.f: Uporout�na gia thn eisagwg� twn dedom�nwn kai twn upologism�nwn su-nart�sewn pukn�thtac f�smatoc.� psdcomp.f: Uporout�na gia ton upologism� twn sunart�sewn pukn�thtac f�smatocm�sw thc �meshc pros�ggishc (periodogram).� psdio.f: Uporout�na gia ton upologism� twn sunart�sewn pukn�thtac f�smatoc me-tax� twn shm�twn eis�dou kai ex�dou qrhsimopoi�ntac analutiko�c pur�nec.� psdio discr.f: Uporout�na gia ton upologism� twn sunart�sewn pukn�thtac f�sma-toc metax� twn shm�twn eis�dou kai ex�dou qrhsimopoi�ntac diakrito�c pur�nec.� tranmtx.f: Uporout�na gia ton �legqo apoj�keushc twn pin�kwn pou dhmiourgo�ntaikai th diam�rfws� touc sth l�sh twn kanonik�n exis�sewn.� syssol.f: Uporout�na gia th l�sh twn kanonik�n exis�sewn.� cludcmp.f: Uporout�na twn Numerical Recipes gia thn LU an�lush twn pin�kwn.� clubksb.f: Uporout�na twn Numerical Recipes gia thn LU antikat�stash twn pin�-kwn.� cmulti.f: Uporout�na gia ton pollaplasiasm� migadik�n arijm�n.
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Par�rthma BParat�jetai h l�sta twn dieuj�nsewn tou diadikt�ou pou anaf�rjhkan sto ke�meno. E-pipl�on, d�nontai dieuj�nseic, oi opo�ec aforo�n sta perieq�mena tou k�je kefala�ou. Oianafor�c aut�c parousi�zontai gia thn plhr�sterh kai �mesh pr�sbash stic an�logec phg�cplhrofori�n.Kef�laio 1: Eisagwg�http://www.gfz-potsdam.e/pb1/CHAMP/champ.htm: Doruf�roc CHAMP sto k�ntro GFZ.http://www.csr.texas.edu/grace/mission: Doruf�roc GRACE sto Center for Space Researchtou T�xac.http://www.gfy.ku.dk/�cct/gocefi11.htm: Doruf�roc GOCE.Kef�laio 2: To ped�o bar�thtachttp://www.gfy.ku.dk/�iag: Diejn�c 'Enwsh Gewdais�ac.http://www.omp.obs-mip.fr/uggi: Diejn�c 'Enwsh Gewfusik�c kai Gewdais�ac.http://www.mpae.gwdg.de/EGS/EGS.html: Eurwpa�k� Gewfusik� 'Enwsh.http://ipmtf14.topo.polimi.it/�iges: Diejn�c Uphres�a Geweido�c.http://hpiers.obspm.fr: Diejn�c Uphres�a gia thn Peristrof� thc Ghc.http://igscb.jpl.nasa.gov/index.html: Diejn�c Uphres�a gia to Pagk�smio S�sthmaprosdiorismo� j�shc.http://cddisa.gsfc.nasa.gov/926/egm96/contents.html: Pagk�smio Gewdunamik� mont�loEGM96.http://www.ngdc.noaa.gov/mgg/global/global.html: ETOPO5 pagk�smia topografik� kaibajumetrik� b�sh dedom�nwn.http://www.ngdc.noaa.gov/seg/topo/globe.shtml: GLOBE pagk�smia topografik� b�shdedom�nwn.http://www.jpl.nasa.gov/srtm: Doruforik� topografik� apostol� Shuttle Radar TopographyMission.http://www.ngdc.noaa.gov/mgg/gebco: General Bathymetric Chart of the Oceans { GEBCO.Kef�laio 3: H doruforik� altimetr�ahttp://www.jpl.nasa.gov: Jet Propulsion Laboratory { NASA.http://www.jpl.nasa.gov/missions/seasat: Doruf�roc SEASAT.http://southport.jpl.nasa.gov.scienceapps/seasat.html: Doruf�roc SEASAT.http://ibis.grdl.noaa.gov/SAT/gdrs/geosat handbook/index.html: Egqeir�dio tou doruf�rouGEOSAT.http://www.esa.int: Eurwpa�k� Uphres�a Diast�matoc.http://www.cls.fr: Collecte, Locallisation, Satellites.http://www.ifremer.fr/cersat/ACTIVITE/ERS/MISSION/E ERS.HTM: Doruf�roi ERS.http://www.esoc.esa.de/external/mso/ers.html: Dorof�roi ERS.http://ersmonrp.esoc.esa.de/start.html: Doruf�roi ERS.http://doris@www-projet.cst.cnes.fr:8060: S�sthma DORIS.http://sirius-ci.cst.cnes.fr:8090: AVISO Altim�etrie.http://www-ccar.colorado.edu/research/topex/html/topex.html: Doruf�rocTOPEX/POSEIDON.http://topex-www.jpl.nasa.gov: Doruf�roc TOPEX/POSEIDON.http://podaac.jpl.nasa.gov: Doruf�roc TOPEX/POSEIDON.http://gfo.wff.nasa.gov: Doruf�roc Geosat-Follow-On.http://ibis.grdl.noaa.gov/SAT/gdrs/gfo.html: Doruf�roc Geosat-Follow-On.http://gfo.bmpcoe.org/Gfo: Doruf�roc Geosat-Follow-On.http://tethys.jpl.nasa.gov/jason1: Doruf�roc Jason 1.http://www-ocean.tamu.edu/topex-poseidon/jason.html: Doruf�roc Jason 1.http://vislab-www.mps.navy.mil/�rtt/paper/sea level.html: Sugkr�seic altimetrik�nparathr�sewn me metr�seic palirroiogr�fwn se pagk�smia kl�maka.http://neptune.gsfc.nasa.gov/ocean.html: Ocean Path�nder Project.279



http://cddisa.gsfc.nasa.gov/926/926.html: Space Geodesy Branch at Goddard Space FlightCenter.http://www.deos.tudelft.nl: Delft Institute for Earth-Oriented Space Research.http://topexnav-jpl.nasa.gov: Doruf�roc TOPEX/POSEIDON.http://www.nbi.ac.uk/psmsl/psmsl.info.html: M�nimh Uphres�a thc M�shc Jal�ssiacEpif�neiac.http://www.sio.ucsd.edu: Scripps Institute of Oceanography.http://topex.ucsd.edu/marine grav/mar grav.html: Jal�ssia Gewdais�a sto Scripps Instituteof Oceanography.Kef�laio 4: H jal�ssia baruthmetr�ahttp://sirius-ci.cst.cnes.fr:8110/bgi debut a.html: Diejn�c Grafe�o Baruthmetr�ac.Kef�laio 5: H wke�nia kuklofor�ahttp://www.soc.soton.ac.uk/OTHERS/woceipo/ipo.html: Pagk�smio Pe�rama gia thn Wke�niaKuklofor�a � WOCE.http://www-ocean.tamu.edu/WOCE/uswoce.html: Pagk�smio Pe�rama gia thn Wke�niaKuklofor�a � WOCE.http://www.cms.udel.edu/woce: Pagk�smio Pe�rama gia thn Wke�nia Kuklofor�a � WOCE.http://www.wmo.ch/web/wcrp/wcrp-home.html: Pagk�smio Pr�gramma gia thn 'Ereuna touKl�matoc � WCRP.http://www.ncdc.noaa.gov/coare/toga.html: Pagk�smio Pr�gramma gia th Mel�th twnTropik�n perioq�n � TOGA.http://climate.acl.lanl.gov/models/pop/pop frames.htm: Mont�la Wke�niac Kuklofor�ac.http://sci.aaas.org/aaas/computers/semtner.html: Mont�la Wke�niac Kuklofor�ac.http://www.gfdl.gov/�smg/MOM/MOM.html: Mont�la Wke�niac Kuklofor�ac.http://modb.oce.ulg.ac.be: The Mediterranean Oceanic Database.http://www.ncmr.ariadne-t.gr: Ejnik� K�ntro Jalass�wn Ereun�n.http://odf.ucsd.edu/OceanAtlas: Ocean Atlas.Genik�c Anafor�chttp://imina.soest.hawaii.edu/gmt: Generic Mapping Tools. Ta sq�mata thc diatrib�c kaitm�ma twn upologism�n pragmatopoi�jhkan me th qr�sh twn ergale�wn aut�n.http://op.gfz-potsdam.de/igmt: Interactive GMT.http://www.che.wisc.edu/octave/octave.html: Upologistik� pr�gramma Octave.http://wizards.dupont.com/cristy/ImageMagick.html: Pak�to epexergas�ac eik�nwnImageMagick.http://www.latex-project.org/LaTeX-home.html: LATEXdocument preparation system.http://obelix.ee.duth.gr/eft/index.html: GreekTeX, ellhnik� graf� sto LATEX.http://www.lyx.org: Epexergast�c keim�nou tou LATEX.
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