
Ðåñßëçøç
Óôçí ðáñïýóá åñãáóßá ðáñïõóéÜæåôáé ìéá äéáäéêáóßá ßäñõóçò,
ìÝôñçóçò, õðïëïãéóìïý êáé óôáôéóôéêÞò áíÜëõóçò ãåùäáéôéêþí
äéêôýùí åëÝã÷ïõ âéïìç÷áíéêþí ðáñáãþãùí (äéêôýùí «âéïìç÷áíéêÞò
ãåùäáéóßáò»). Äßíåôáé åðéðëÝïí ìéá åöáñìïãÞ üóùí èåùñçôéêÜ áíá-
ðôýóóïíôáé. ÁõôÞ áöïñÜ óôïí ðñïóäéïñéóìü óôéò ôñåéò äéáóôÜóåéò
èÝóåùí ðñïåðéëåãìÝíùí óçìåßùí ðÜíù óôçí Üôñáêôï óêÜöïõò ôïõ
Ðïëåìéêïý Íáõôéêïý, óå ó÷Ýóç ìå Ýíáí áðü ôïõò êýñéïõò èåùñçôé-
êïýò Üîïíåò ôïõ óêÜöïõò.

1. EIÓÁÃÙÃÇ

Ç áëìáôþäçò åîÝëéîç ôùí ãåùäáéôéêþí ïñãÜíùí êáé
ìåèïäïëïãéþí ôùí ôåëåõôáßùí ÷ñüíùí Ýêáíå äõíáôÞ ôçí
åðÝêôáóç ôùí ðåäßùí åöáñìïãþí ôçò Ãåùäáéóßáò óå åñãá-
óßåò ìå õøçëÝò áðáéôÞóåéò áêñéâåßáò. ¸íá áðü ôá óýã÷ñïíá
áõôÜ ðåäßá åöáñìïãþí åßíáé êáé áõôü ôçò Âéïìç÷áíéêÞò
Ãåùäáéóßáò, âáóéêü áíôéêåßìåíï ôçò ïðïßáò åßíáé ç ìÝôñçóç
êáé ï áêñéâÞò Ýëåã÷ïò ôùí ãåùìåôñéêþí ðñïäéáãñáöþí (äéá-
óôÜóåùí, óõììåôñéþí ê.ëð.) âéïìç÷áíéêþí ðáñáãþãùí.

Ç áíÜãêç äçìéïõñãßáò áõôïý ôïõ éäéáßôåñïõ êëÜäïõ, ôçò
Âéïìç÷áíéêÞò Ãåùäáéóßáò, ðñïÞëèå áðü ôçí áíÜãêç ðñïó-
äéïñéóìïý óõíüëùí óçìåßùí ðïõ áíÞêïõí óå âéïìç÷áíéêÜ
ðáñÜãùãá, ôùí ïðïßùí ï ó÷åäéáóìüò ãßíåôáé âÜóåé ìáèçìá-
ôéêþí ìïíôÝëùí, ìå ìåãÜëç ðñïäéáãåãñáììÝíç êáé åëÝãîéìç
áêñßâåéá, Ýôóé þóôå íá ìðïñïýí íá ðñïóäéïñéóôïýí ôõ÷üí
áðïêëßóåéò óôï ó÷Þìá êáé ôéò äéáóôÜóåéò áðü ôá êáôáóêåõá-
óôéêÜ ó÷Ýäéá.

Ôá óôïé÷åßá ðïõ ðñïóäéïñßæïíôáé åßíáé óõíÞèùò ïé ó÷åôé-
êÝò èÝóåéò ðñïåðéëåãìÝíùí óçìåßùí åðÜíù óôá áíôéêåßìåíá
Þ ïé áðïóôÜóåéò ôïõò áðü Üîïíåò Þ åðßðåäá, ðïõ õëïðïéïý-
íôáé Þ ïñßæïíôáé èåùñçôéêÜ åðÜíù óôá ßäéá áíôéêåßìåíá, óå
Ýíá ôïðéêü óýóôçìá áíáöïñÜò.

Ïé áðáéôïýìåíïé ðñïóäéïñéóìïß ìðïñïýí íá ãßíïõí óå
ìßá (õøïìåôñéêÞ), äýï (ïñéæïíôéïãñáöéêÞ) Þ êáé óôéò ôñåéò
äéáóôÜóåéò (óôï ÷þñï), ìå áêñßâåéåò ðïõ öôÜíïõí ôá ëßãá

äÝêáôá ôïõ ÷éëéïóôïý, éäéáßôåñá óå åöáñìïãÝò, üðùò ç íáõ-
ðçãéêÞ, ç áåñïíáõðçãéêÞ, ç ñïìðïôéêÞ ê.ë.ð.

ÓÕÌÂÏËÉÓÌÏÉ

xi, yi, zi = ïñèïãþíéåò êáñôåóéáíÝò óõíôåôáãìÝíåò ôïõ

óçìåßïõ i

äxi, äyi, äzi, äaij = ìåôáâïëÝò óôéò óõíôåôáãìÝíåò êáé ôç

ãùíßá äéåýèõíóçò

= äéÜíõóìá ôùí êáëýôåñùí ôéìþí ôùí óõíôåôáãìÝíùí

= a priori ôõðéêü óöÜëìá ôçò ìïíÜäáò âÜñïõò

= a posteriori ôõðéêü óöÜëìá ôçò ìïíÜäáò âÜñïõò

= ïé ìåôáâëçôüôçôåò ôùí ìåôñçìÝíùí ìåãåèþí

= ïé ìåôáâëçôüôçôåò ôùí êáëëßôåñùí ôéìþí ôùí ìåôñç-

ìÝíùí ìåãåèþí

= ïé ìåôáâëçôüôçôåò ôùí õðïëïßðùí õi

= ïé a posteriori ìåôáâëçôüôçôåò ôùí õðïëïßðùí õi

= åëÜ÷éóôï ÷ïíäñïåéäÝò óöÜëìá ðïõ ìðïñåß íá ðñï-

êáëÝóåé ôçí áðüññéøç ìéáò ðáñáôÞñçóçò li, ãéá

áóõó÷Ýôéóôåò ðáñáôçñÞóåéò 

n = áñéèìüò ðáñáôçñÞóåùí óå Ýíá äßêôõï

m = áñéèìüò áíåîÜñôçôùí êáèïñéóôéêþí ðáñáìÝôñùí

r = n - m = âáèìüò åëåõèåñßáò åíüò äéêôýïõ

ri = áñéèìüò ðëåïíáóìïý Þ redundancy number (RN) ôçò

ðáñáôÞñçóçò li
ô = ìÝôñï åóùôåñéêÞò áîéïðéóôßáò åíüò äéêôýïõ Þ åëåãîéìü-

ôçôá (controlability)

ã = ìÝôñï åîùôåñéêÞò áîéïðéóôßáò åíüò äéêôýïõ

Q = ðßíáêáò óõíôåëåóôþí âÜñïõò

V = ðßíáêáò ìåôáâëçôüôçôáò - óõììåôáâëçôüôçôáò
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2. ÄÉÊÔÕÁ
2.1. ºäñõóç - ÌåôñÞóåéò

Ç âáóéêÞ ìåèïäïëïãßá ãéá ôïí ðñïóäéïñéóìü ôùí èÝóåùí
ôùí ðñïåðéëåãìÝíùí óçìåßùí ðÜíù óôá âéïìç÷áíéêÜ ðáñÜ-
ãùãá åßíáé ç äçìéïõñãßá ìéêñïôñéãùíïìåôñéêþí äéêôýùí
áíáöïñÜò êáé åëÝã÷ïõ, ç åðßëõóÞ ôïõò ìå ôç ìÝèïäï Åëá÷ß-
óôùí Ôåôñáãþíùí êáé ï óôáôéóôéêüò ôïõò Ýëåã÷ïò.

Ôï äßêôõï áíáöïñÜò ðåñéëáìâÜíåé ôá óçìåßá ðïõ éäñýï-
íôáé óôï ãýñù áðü ôï áíôéêåßìåíï ÷þñï êáé áðü ôá ïðïßá
ãßíïíôáé ïé ìåôñÞóåéò ðñïò ôá óçìåßá ðÜíù óôï áíôéêåßìåíï,
ðïõ áðïôåëïýí ôï äßêôõï åëÝã÷ïõ.

Ïé éäéáéôåñüôçôåò ôùí äéêôýùí, ðïõ ÷ñçóéìïðïéïýíôáé
óôç Âéïìç÷áíéêÞ Ãåùäáéóßá, áíáöÝñïíôáé óôá åîÞò:

l Ôá äßêôõá áõôÜ áíáðôýóóïíôáé óå ðÜñá ðïëý ðåñéïñé-
óìÝíï ãéá ôá ôïðïãñáöéêÜ äåäïìÝíá ÷þñï (áðïóôÜóåéò
ìåôáîý ôùí êïñõöþí áðü ìåñéêÝò äåêÜäåò åêáôïóôþí
ìÝ÷ñé ìåñéêÝò äåêÜäåò ìÝôñùí).

l Ïé èÝóåéò ôùí êïñõöþí ôùí äéêôýùí áíáöïñÜò ôéò ðåñéó-
óüôåñåò öïñÝò åßíáé áñêåôÜ ìáêñéÜ áðü ôï âÝëôéóôï ãåù-
ìåôñéêÜ ó÷Þìá, ëüãù ôùí äõóêïëéþí êßíçóçò êáé ôïðï-
èÝôçóçò ôùí ãåùäáéôéêþí ïñãÜíùí ìÝóá óå åñãïóôáóéá-
êïýò ÷þñïõò.

l Ïé êïñõöÝò ôùí äéêôýùí áíáöïñÜò ÷ñçóéìïðïéïýíôáé
ôüóï ùò óôÜóåéò üóï êáé ùò óêïðåõüìåíá óçìåßá, åíþ ïé
êïñõöÝò ôùí äéêôýùí åëÝã÷ïõ ìüíï ùò óêïðåõüìåíá
óçìåßá.

l Ïé êïñõöÝò ôùí äéêôýùí áíáöïñÜò ðñÝðåé íá Ý÷ïõí ïñá-
ôüôçôá ðñïò üóï ãßíåôáé ðåñéóóüôåñåò êïñõöÝò ôùí
äéêôýùí åëÝã÷ïõ, åíþ êÜèå êïñõöÞ ôùí äéêôýùí åëÝã÷ïõ
ðñÝðåé íá öáßíåôáé áðü ôïõëÜ÷éóôïí ôñåéò êïñõöÝò ôùí
äéêôýùí áíáöïñÜò.

l Ãéá ôéò ìåôñÞóåéò áðáéôïýíôáé ìÝèïäïé êáé üñãáíá õøç-
ëÞò áêñßâåéáò ìå äõíáôüôçôá áðåõèåßáò ìåôáöïñÜò ôùí
ìåôñÞóåùí óå Ç/Õ.

l Ïé éäéáßôåñá áõîçìÝíåò áðáéôÞóåéò áêñéâåßáò åðéâÜëëïõí
ôç ÷ñÞóç åéäéêþí óõóôçìÜôùí ôïðïèÝôçóçò êáé êÝíôñù-
óçò ôùí ïñãÜíùí ðÜíù óôéò êïñõöÝò ôùí äéêôýùí áíá-
öïñÜò. Åðßóçò, áðáéôïýíôáé åéäéêïß óôü÷ïé óêïðåýóåùí
ôüóï óôéò êïñõöÝò ôùí äéêôýùí áíáöïñÜò üóï êáé óôéò
êïñõöÝò ôùí äéêôýùí åëÝã÷ïõ.

l Óå ðïëëÝò ðåñéðôþóåéò åðéâÜëëåôáé ç ìç ìüíéìç èÝóç
ôùí êïñõöþí ôùí äéêôýùí áíáöïñÜò. 

l Ôá óôïé÷åßá ðïõ ìåôñïýíôáé åßíáé êõñßùò ãùíßåò (ïñéæü-
íôéåò êáé êáôáêüñõöåò), ÷ùñßò íá áðïêëåßåôáé êáé ç
ìÝôñçóç ìçêþí, åöüóïí åîáóöáëßæåôáé ç áñìïíéêÞ áêñß-
âåéá ìåôáîý ãùíéáêþí êáé ãñáììéêþí ìåãåèþí. Óôçí
ðåñßðôùóç ðïõ ìåôñïýíôáé ìüíï ãùíßåò, ç êëßìáêá óôá
äßêôõá äßíåôáé ìå ôç ÷ñÞóç åéäéêþí âÜóåùí invar ãíù-
óôïý ìÞêïõò ðïõ öÝñïõí óôá Üêñá ôïõò åéäéêïýò óôü÷ïõò
ãéá êïíôéíÝò óêïðåýóåéò.

l Ç ôá÷ýôçôá ëÞøçò ôùí áðáéôïýìåíùí ìåôñÞóåùí óôï
ðåäßï åßíáé êáèïñéóôéêÞ ãéá ôçí åðéôõ÷ßá ôçò åñãáóßáò,
êõñßùò óå ðåñéðôþóåéò üðïõ, ðáñÜëëçëá ìå ôç ãåùäáéôé-
êÞ äéáäéêáóßá, äéåîÜãåôáé êáé ç êáèçìåñéíÞ ñïõôßíá
ðáñáãùãÞò.

2.2. Óõíïñèþóåéò - ÂåëôéóôïðïéÞóåéò

Óôéò ðåñéðôþóåéò áõôÝò åíäåßêíõôáé ôá äßêôõá íá óõíïñ-
èþíïíôáé åíéáßá (óçìåßá åëÝã÷ïõ ìå óçìåßá áíáöïñÜò) ìå ôç
ìÝèïäï ìåôáâïëÞò ôùí óõíôåôáãìÝíùí êáé ôéò åëÜ÷éóôåò
åîùôåñéêÝò äåóìåýóåéò.

¸ôóé, óôá äßêôõá ïñéæïíôßïõ åëÝã÷ïõ, åöüóïí Ý÷ïõí
ìåôñçèåß ïñéæüíôéåò ãùíßåò Þ áíåîÜñôçôåò äéåõèýíóåéò êáé
áðïóôÜóåéò, èåùñïýíôáé ôñåéò äåóìåýóåéò, ìéá óôáèåñÞ
êïñõöÞ (äxi = 0, äyi = 0) êáé ìéá óôáèåñÞ ãùíßá äéåýèõíóçò
(äaij = 0). Áðïöåýãåôáé ç óôáèåñïðïßçóç ìßáò áðü ôéò äýï
óõíéóôþóåò ôçò äåýôåñçò êïñõöÞò, äéüôé ôüôå èá ðñÝðåé íá
åîåôÜæåôáé ï ðñïóáíáôïëéóìüò ôçò äéåýèõíóçò, ðñïêåéìÝíïõ
íá åðéëåãåß ç êáôÜëëçëç ãéá áðáëïéöÞ óõíéóôþóá.

Óôá ôñéäéÜóôáôá äßêôõá, üðïõ ìåôñïýíôáé ïñéæüíôéåò
ãùíßåò Þ áíåîÜñôçôåò äéåõèýíóåéò, êåêëéìÝíá ìÞêç, êáôáêü-
ñõöåò ãùíßåò êáé ðéèáíÜ õøïìåôñéêÝò äéáöïñÝò (ìå ãåùìå-
ôñéêÞ ÷ùñïóôÜèìçóç), èåùñïýíôáé ôÝóóåñéò äåóìåýóåéò 
(äxi = 0, äyi = 0, äzi = 0, äaij = 0).

Óôéò ðáñáðÜíù ðåñéðôþóåéò, åöüóïí äåí Ý÷ïõí ìåôñçèåß
ìÞêç, èåùñåßôáé Ýíá ìÞêïò ùò óôáèåñü.

Åðéóçìáßíåôáé ðùò óôéò ðåñéðôþóåéò ìåôñÞóåùí áíåîÜñ-
ôçôùí äéåõèýíóåùí, ïé Üãíùóôïé ðñïóáíáôïëéóìïý, ðïõ
åßíáé üóïé êáé ïé óôÜóåéò ôùí ãùíéïìåôñÞóåùí, åßíáé äõíáôüí
íá áðáëåßöïíôáé [1], [14].

Èåùñåßôáé óêüðéìï, ðñéí áðü ôçí åêôÝëåóç ôùí ìåôñÞóåùí,
íá ãßíåôáé ìéá ìåëÝôç âåëôéóôïðïßçóçò, ðñïêåéìÝíïõ íá åðé-
ëåãåß ï êáôÜëëçëïò óõíäõáóìüò ìåôñÞóåùí êáé áêñéâåéþí
ðïõ åîáóöáëßæåé ôçí áðáéôïýìåíç áêñßâåéá êáé áîéïðéóôßá
ôùí áðïôåëåóìÜôùí. Óôá äßêôõá ôçò Âéïìç÷áíéêÞò Ãåùäáé-
óßáò ç äéáäéêáóßá ôçò âåëôéóôïðïßçóçò óðÜíéá áöïñÜ óôç
ãåùìåôñéêÞ èÝóç ôùí êïñõöþí ôïõò, ìéá êáé óôçí ðëåéïíü-
ôçôá ôùí ðåñéðôþóåùí ïé èÝóåéò åßíáé ó÷åäüí ðñïêáèïñé-
óìÝíåò áðü ôéò (êôéñéáêÝò) åãêáôáóôÜóåéò, ìÝóá óôéò ïðïßåò
éäñýïíôáé ôá äßêôõá áõôÜ.

2.3. Áêñßâåéá

ÅðéëÝãïíôáò áñ÷éêÜ ôá óçìåßá åëÝã÷ïõ êáé áíáöïñÜò,
ðñïãñáììáôßæïíôáé ïé ìåôñÞóåéò êáé åðéëÝãïíôáé ôá üñãáíá
ìå âÜóç ôéò áâåâáéüôçôÝò ôïõò êáé ôçí åðéäéùêüìåíç áêñß-
âåéá. Ìå ôïí áñ÷éêü áõôü ðñïãñáììáôéóìü, õðïëïãßæåôáé ï a
priori ðßíáêáò ìåôáâëçôüôçôáò - óõììåôáâëçôüôçôáò ôùí
êáëýôåñùí ôéìþí ôùí óõíôåôáãìÝíùí, ðïõ áðïôåëåß ôï âáóé-
êü åñãáëåßï ãéá ôïí õðïëïãéóìü ôùí ôõðéêþí óöáëìÜôùí
ïðïéïõäÞðïôå ìåãÝèïõò óõíäÝåôáé ìå áõôÝò.
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Óôéò ðåñéðôþóåéò ðïõ óêïðü Ý÷ïõí ôïí åíôïðéóìü ðéèá-
íþí áðï÷þí ôïõ ó÷Þìáôïò ôïõ áíôéêåéìÝíïõ ðïõ åëÝã÷åôáé
áðü ôçí éäáíéêÞ ôïõ êáôÜóôáóç, åíäéáöÝñïõí ïé áâåâáéüôç-
ôåò ôùí ó÷åôéêþí èÝóåùí ôùí óçìåßùí åëÝã÷ïõ ðïõ öõóéêÜ
âñßóêïíôáé åðÜíù óôï áíôéêåßìåíï. ÔÝôïéá ìåãÝèç ìðïñåß íá
åßíáé ôá ôõðéêÜ óöÜëìáôá äéáöïñþí óõíôåôáãìÝíùí, áðï-
óôÜóåùí, ãùíéþí áëëÜ êáé ïé ìåãÜëïé çìéÜîïíåò ôùí åëëåß-
øåùí Þ åëëåéøïåéäþí óöÜëìáôïò ðïõ äßíïõí ôï ìÝãéóôï
óöÜëìá óôç ó÷åôéêÞ èÝóç äýï óçìåßùí.

¸ôóé, õðïëïãßæïíôáé ôá ôõðéêÜ óöÜëìáôá ðïõ åíäéáöÝ-
ñïõí êáé åîåôÜæåôáé áí ïé åëÜ÷éóôåò áðïäåêôÝò ðáñáìïñöþ-
óåéò (óýìöùíá ìå ôéò ðñïäéáãñáöÝò) âñßóêïíôáé ìÝóá óôá
äéáóôÞìáôá åìðéóôïóýíçò 99%. Áí ü÷é, ðñïóôßèåíôáé ìåôñÞ-
óåéò Þ åðéëÝãïíôáé üñãáíá ðïõ äßíïõí êáëýôåñåò áêñßâåéåò
óôéò ìåôñÞóåéò, ìÝ÷ñéò üôïõ åðéôåõ÷èåß ï éäáíéêüò óõíäõá-
óìüò [2].

2.4. Áîéïðéóôßá

Ç áðáéôïýìåíç áêñßâåéá ìðïñåß íá åîáóöáëéóôåß êáé
÷ùñßò áîéïðéóôßá. Ç Ýííïéá ôçò áîéïðéóôßáò óõíäÝåôáé ìå ôç
äõíáôüôçôá íá åíôïðßæïíôáé ìåôÜ ôç óõíüñèùóç êáôÜ ôï
äõíáôüí ìéêñüôåñá ÷ïíäñïåéäÞ óöÜëìáôá êáèþò êáé ç åðß-
äñáóÞ ôïõò óôá ôåëéêÜ áðïôåëÝóìáôá ôçò óõíüñèùóçò. Áí
ð.÷. Ýíá óçìåßï ðñïóäéïñßæåôáé ìå ôéò åëÜ÷éóôåò áíáãêáßåò
ìåôñÞóåéò êáé õðÜñ÷åé Ýíá ÷ïíäñïåéäÝò Þ êáé óõóôçìáôéêü
óöÜëìá óå ìßá áðü áõôÝò, áí ïé ìåôñÞóåéò Ý÷ïõí ìéêñÜ ôõðé-
êÜ óöÜëìáôá, èá ðñïêýøåé ç èÝóç ôïõ óçìåßïõ ìå ìåãÜëç
áêñßâåéá, áëëÜ èá åßíáé ëáíèáóìÝíç, ÷ùñßò íá õðÜñ÷åé ç
äõíáôüôçôá åëÝã÷ïõ.

Óýìöùíá ìå ôç ìÝèïäï åëÝã÷ïõ ôùí ðáñáôçñÞóåùí ôïõ
Baarda [5], [6], [8], åßíáé äõíáôüí, ðñéí ãßíïõí ïé ðáñáôçñÞ-
óåéò, íá õðïëïãéóôïýí ôá åëÜ÷éóôá ÷ïíäñïåéäÞ óöÜëìáôá
ðïõ ìðïñïýí íá ðñïêáëÝóïõí áðüññéøç ôùí ðáñáôçñÞóåùí
êáé ôá ïðïßá öõóéêÜ üóï ìéêñüôåñá åßíáé, ôüóï ðéï åõáßóèç-
ôï åßíáé ôï äßêôõï óå åëÝã÷ïõò. Ôá óöÜëìáôá áõôÜ, óýìöù-
íá ìå ôïí Baarda, åêöñÜæïõí ôçí åóùôåñéêÞ áîéïðéóôßá ôïõ
äéêôýïõ ðïõ ìðïñåß íá èåùñçèåß ùò åëåãîéìüôçôá (contro-
lability).

Ôï åëÜ÷éóôï ÷ïíäñïåéäÝò óöÜëìá, ðïõ ìðïñåß íá ðñïêá-
ëÝóåé ôçí áðüññéøç ìßáò ðáñáôÞñçóçò li, ãéá áóõó÷Ýôéóôåò
ðáñáôçñÞóåéò, äßíåôáé áðü ôç ó÷Ýóç:

(2.1)

üðïõ: (2.2)

= ôá äéáãþíéá óôïé÷åßá ôïõ ðßíáêá 

= ôá äéáãþíéá óôïé÷åßá ôïõ ðßíáêá

(2.3)

= ôá äéáãþíéá óôïé÷åßá ôïõ ðßíáêá 

(2.4)

ðïõ óçìáßíåé üôé (2.5)

Ç ðáñÜìåôñïò äï åßíáé êáèáñüò áñéèìüò, ðïõ åîáñôÜôáé
áðü ôéò ðéèáíüôçôåò á êáé â, ðïõ Ý÷ïõí åðéëåãåß ãéá ôá ëÜèç
ôýðïõ É (áðüññéøç óùóôÞò ìÝôñçóçò) êáé ÉÉ (áðïäï÷Þò ëáí-
èáóìÝíçò ìÝôñçóçò) óôïõò a posteriori óôáôéóôéêïýò åëÝã-
÷ïõò êáé äßíåé ôçí åêêåíôñüôçôá ôçò åíáëëáêôéêÞò õðüèåóçò.

Ç ðáñÜìåôñïò ri, ãéá ôçí ïðïßá éó÷ýåé: 0 ≤ ri ≤ 1, ïíïìÜ-
æåôáé Áñéèìüò Ðëåïíáóìïý Þ Redundancy Number (RN)
êáé åîáñôÜôáé áðü ôç ãåùìåôñßá ôïõ äéêôýïõ êáé áðü ôïí
áñéèìü ôùí ðáñáôçñÞóåùí ðïõ åðéôñÝðïõí ôïí Ýëåã÷ï ôùí li.
Ç ðáñÜìåôñïò áõôÞ äåß÷íåé ôï ðüóï âåëôéþíåôáé ç áêñßâåéá
ôïõ ìåãÝèïõò áðü ôç óõíüñèùóç.

ÁíáöÝñåôáé ðùò ∑ri = r = n - m (âáèìüò åëåõèåñßáò),

ïðüôå ìðïñåß íá õðïëïãéóôåß ç ìÝóç ôéìÞ . ¸ôóé, ï

áñéèìüò ri , ðïõ áíôéóôïé÷åß óôç ìÝôñçóç li, äßíåé ôç óõíåé-
óöïñÜ ôçò óõãêåêñéìÝíçò ðáñáôÞñçóçò óôï âáèìü åëåõèå-
ñßáò ôïõ äéêôýïõ.

Óýìöùíá êáé ðÜëé ìå ôïí Baarda, ùò åîùôåñéêÞ áîéïðé-

óôßá (åõáéóèçóßá, sensibility) èåùñåßôáé ç åðßäñáóç ôùí

÷ïíäñïåéäþí óöáëìÜôùí ôùí ðáñáôçñÞóåùí ðïõ äåí ðñïêá-

ëïýí áðüññéøÞ ôïõò, óôéò êáëýôåñåò ôéìÝò ôùí ðáñáìÝ-

ôñùí Þ óå óõíáñôÞóåéò ôïõò f( ). ¸ôóé, áí ìå 

óõìâïëéóôåß ç åðßäñáóç ôïõ ÷ïíäñïåéäïýò óöÜëìáôïò

óôç óõíÜñôçóç , áðïäåéêíýåôáé ðùò:

(2.6)

Óõíçèßæåôáé [3], [6] íá èåùñåßôáé ùò ìÝôñï åóùôåñéêÞò
áîéïðéóôßáò ôï ìÝãåèïò:

(2.7)

êáé ùò ìÝôñï åîùôåñéêÞò áîéïðéóôßáò ôï ìÝãåèïò:

(2.8)γ
σ
συ

= − =
1

1
ri

li

i

$

τ
σ
συ

= =
1

ri

li

i

∇ ≤ = −f x
ro

l

f x o f x
i

i

i

( $)
$

( $) ( $)δ
σ
σ

σ δ σ
υ

1
1

f x( $)
∇o il

∇f x( $)$x

$x

r
r

n
=

σ σ συi i i
l l

2 2 2= − $

V Q V Vo l lυ υσ= = −2
$

συi

2

V Q A A PA A
l o l o$ $ ( ' ) '= = −σ σ2 2 1

σ $li

2

V Pl o= −σ 1σli

2

ri
l

l

l

i

i

i

i

= = −
σ
σ

σ
σ

υ
2

2

2

21
$

∇ =o i o l
i

l
l

ri
δ σ

137Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 1  2000  Tech. Chron. Sci. J. TCG, I, No 1



ãéá ôá ïðïßá éó÷ýåé: (2.9)

Åßíáé ðñïöáíÝò üôé ôüóï ç åóùôåñéêÞ üóï êáé ç åîùôåñé-
êÞ áîéïðéóôßá ìåãáëþíïõí, üóï ìåãáëþíïõí ïé áñéèìïß ðëå-
ïíáóìïý ri. ¸ôóé, åêåßíï ðïõ ðñÝðåé íá åðéäéþêåôáé êáôÜ ôï
ó÷åäéáóìü ôùí äéêôýùí åßíáé ç ìåãéóôïðïßçóç ôùí ri. Èåù-
ñïýíôáé ðïëý éêáíïðïéçôéêÝò ïé ôéìÝò 0.4 ≤ ri [15]. Áíôßèåôá,
èåùñåßôáé åðéêßíäõíï íá åðéäéþêåôáé ìåãéóôïðïßçóç ôïõ ,
ìéá êáé áõôü ìðïñåß íá åðéôåõ÷èåß, åöüóïí ï âáèìüò åëåõèå-
ñßáò åßíáé ìåãÜëïò, åíþ åíäå÷ïìÝíùò íá õðÜñ÷ïõí ðáñáôç-
ñÞóåéò ðïõ äåí åëÝã÷ïíôáé.

2.5. Óôáôéóôéêïß ¸ëåã÷ïé

2.5.1. ¸ëåã÷ïé ôùí ðáñáôçñÞóåùí
ÌåôÜ ôéò ìåôñÞóåéò êáé ôç óõíüñèùóç, ãßíåôáé ï ïëéêüò

Ýëåã÷ïò ôçò áñ÷éêÞò õðüèåóçò, ðñïêåéìÝíïõ íá åëåã÷èåß ôï
óôáôéóôéêü êáé óõíáñôçóéáêü ìïíôÝëï. ÅëÝã÷åôáé ï ëüãïò

ìå êáôáíïìÞ Fischer F(r,∞∞,á) Þ ÷2 (r,á) êáé ãéá åðßðå-

äï óçìáíôéêüôçôáò á = 5%. Åêôüò áðü ôïí ïëéêü Ýëåã÷ï,
åëÝã÷åôáé êáé êÜèå ìßá ðáñáôÞñçóç ãéá ÷ïíäñïåéäÞ óöÜëìáôá.

ÅëÝã÷ïíôáé ôá óôáôéóôéêÜ ìåãÝèç ìå êáíï-

íéêÞ êáôáíïìÞ Þ ìå F êáôáíïìÞ ãéá åðßðåäï óçìáíôéêüôçôáò
óõíÞèùò áï = 0.1% (Ñ = 1 - áï = 99.9%) ãéá êëáóéêÜ äßêôõá,

åíþ ãéá äßêôõá ôçò Âéïìç÷áíéêÞò Ãåùäáéóßáò ìðïñåß íá èåù-

ñçèåß êáé áï = 5%. Ïðüôå ôï óõãêñßíåôáé ìå Þ

.

Ïé Ýëåã÷ïé áõôïß åßíáé áíôßóôïé÷ïé ìå åêåßíïõò ðïõ áíÝ-
ðôõîå ï Baarda, ìüíï ðïõ äåí åðéëÝãåôáé ôï åðßðåäï óçìá-
íôéêüôçôáò á ôïõ ïëéêïý åëÝã÷ïõ ìå âÜóç ôï âáèìü åëåõèå-
ñßáò, äéüôé óå áõôÝò ôéò ðåñéðôþóåéò, ï ìåãÜëïò âáèìüò åëåõ-
èåñßáò èá ïäçãïýóå óå ðïëý ìåãÜëï åðßðåäï óçìáíôéêüôç-
ôáò, ìå óõíÝðåéá áõîçìÝíï êßíäõíï ãéá ëÜèïò ôýðïõ É (áðüñ-
ñéøç ïñèÞò áñ÷éêÞò õðüèåóçò Çï) [15].

Ôá ðáñáðÜíù ãßíïíôáé, áí åßíáé ãíùóôü ôï a priori ôõðé-
êü óöÜëìá ôçò ìïíÜäáò âÜñïõò óï, ðïõ óçìáßíåé ãíùóôÝò
áâåâáéüôçôåò ôùí ìåôñÞóåùí, ðñÜãìá ðïõ óõíÞèùò óõìâáß-
íåé óôéò áíéóïâáñåßò ðáñáôçñÞóåéò. 

Áí, üìùò, ïé ðáñáôçñÞóåéò åßíáé éóïâáñåßò êáé äåí åßíáé
ãíùóôÜ ôá ôõðéêÜ ôïõò óöÜëìáôá Þ ôá âÜñç Ý÷ïõí ðñïêýøåé
áðü êÜðïéá ó÷Ýóç ìåôáîý ôùí óöáëìÜôùí êáé äåí åßíáé ãíù-
óôü ôï a priori ôõðéêü óöÜëìá ôçò ìïíáäéáßáò ìÝôñçóçò, ôüôå
äåí ãßíåôáé ïëéêüò Ýëåã÷ïò, åíþ ïé ðáñáôçñÞóåéò åëÝã÷ïíôáé
ìå ôá áíôßóôïé÷á óôáôéóôéêÜ ìåãÝèç ðïõ Ý÷ïõí ðñïêýøåé áðü
ôï a posteriori ôõðéêü óöÜëìá ôçò ìïíÜäáò âÜñïõò ðïõ
åêôéìÜôáé áðü ôç óõíüñèùóç.

¸ôóé, åëÝã÷ïíôáé ôá óôáôéóôéêÜ ìåãÝèç ,

âÜóåé ôçò ôáõ êáôáíïìÞò [13], üðïõ:

= ôá äéáãþíéá óôïé÷åßá ôïõ ðßíáêá

ÓõíÞèùò, áíôß ôçò ôáõ êáôáíïìÞò, ÷ñçóéìïðïéåßôáé ç
Student ìå âáèìü åëåõèåñßáò r - 1, [7], üðïõ áíôß ôïõ óôáôé-
óôéêïý ìåãÝèïõò , ÷ñçóéìïðïéåßôáé ôï:

(3.1)

Tï ìÝãåèïò óõãêñßíåôáé ìå , óõíÞèùò ãéá

áï = 0.1% ãéá êëáóéêÜ äßêôõá.

2.5.2. ¸ëåã÷ïò ôùí ðáñáìïñöþóåùí

Ãéá ôïí Ýëåã÷ï ôùí ðéèáíþí ðáñáìïñöþóåùí, åëÝã÷åôáé
ï ëüãïò ôçò äéáöïñÜò áðü ôï ðñüôõðï ôïý ðñïò Ýëåã÷ï ìåãÝ-
èïõò ðñïò ôï ôõðéêü ôïõ óöÜëìá, âÜóåé ôçò êáíïíéêÞò êáôá-
íïìÞò Þ ôçò êáôáíïìÞò Student, áíÜëïãá ìå ôï áí ÷ñçóéìï-
ðïéåßôáé ôï a priori Þ ôï a posteriori ôõðéêü óöÜëìá óï. ÓõíÞ-
èùò åðéëÝãåôáé á = 5%.

3. EÖÁÑÌÏÃÇ
3.1. ÅéóáãùãÞ

¸íá äßêôõï åëÝã÷ïõ üìïéùí áðáéôÞóåùí ìå áõôÝò, ðïõ
ðñïäéáãñÜöçêáí óôá ðñïçãïýìåíá, éäñýèçêå áðü ôï Åñãá-
óôÞñéï ÃåíéêÞò Ãåùäáéóßáò (Å.Ã.Ã.) ôïõ ÔìÞìáôïò Áãñïíü-
ìùí êáé ÔïðïãñÜöùí Ìç÷áíéêþí (Ô.Á.Ô.Ì.) ôïõ Å.Ì.Ð.
óôï Íáýóôáèìï Óáëáìßíáò (Í/Ó), óôï ÷þñï åíüò áðü ôá
õðüóôåãá üðïõ óõíôçñïýíôáé êáé åðéóêåõÜæïíôáé õðïâñý÷éá
(ÕÂ) ôïõ Ðïëåìéêïý Íáõôéêïý (Ð-Í).

Ï óêïðüò ßäñõóçò ôïõ äéêôýïõ áõôïý Þôáí:

l Íá ðñïóäéïñßóåé ôç èÝóç 96 «áðñüóéôùí» óçìåßùí
(«óçìåßùí åëÝã÷ïõ»), ðïõ âñßóêïíôáí óôï ðñüóèéï ìÝñïò
ôïõ óþìáôïò åíüò áðü ôá ÕÂ ôïõ Ð-Í, óå ó÷Ýóç ìå Ýíáí
áðü ôïõò âáóéêïýò èåùñçôéêïýò Üîïíåò ôïõ óêÜöïõò
(óôá åðüìåíá èá áíáöÝñåôáé ùò ÂÁÁ / Âáóéêüò ¢îïíáò
ÁíáöïñÜò), ìå áêñßâåéá êáëýôåñç áðü ± 2 mm, ôáõôü-
÷ñïíá ìå ôïí ðñïóäéïñéóìü ôïõ Üîïíá áõôïý [9], [11].

l Íá áðïôåëÝóåé ôçí õðïäïìÞ óôï óõãêåêñéìÝíï õðüóôåãï
ãéá ãåùäáéôéêÝò åñãáóßåò áêñéâåßáò óå óêÜöç ôïõ Ð-Í
(ðñïóäéïñéóìïß óçìåßùí êáé áîüíùí åð� áõôþí ìå ìåãÜ-
ëç áêñßâåéá, åõèõãñáììßóåéò, ðáñáëëçëéóìïß ê.ëð.).
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Ïé êïñõöÝò ôïõ äéêôýïõ åëÝã÷ïõ Ýðñåðå íá õëïðïéçèïýí
ìå ôñüðï, þóôå:

l Íá õðÜñ÷ïõí ïé ìÝãéóôåò äõíáôÝò ïñáôüôçôåò áðü ôéò
êïñõöÝò ôïõ äéêôýïõ åëÝã÷ïõ ðñïò ôá 96 ðñïò ðñïóäéï-
ñéóìü óçìåßá, ìå äåäïìÝíåò ôéò äõóêïëßåò ðïõ ðñïêá-
ëïýí ôá éêñéþìáôá ðïõ ðåñéâÜëëïõí ôï óêÜöïò (åëÜ÷é-
óôç áðáßôçóç: êÜèå Ýíá áðü ôá 96 óçìåßá íá öáßíåôáé
áðü 3 ôïõëÜ÷éóôïí êïñõöÝò ôïõ äéêôýïõ åëÝã÷ïõ). Åðß-
óçò, íá åîáóöáëßæïíôáé ïé ìÝãéóôåò äõíáôÝò ïñáôüôçôåò
ðñïò 2 óçìåßá ðÜíù óôï êáôÜóôñùìá ôïõ ÕÂ (óçìåßá
ôïõ êáôáêïñýöïõ åðéðÝäïõ ðïõ ðåñéÝ÷åé ï ÂÁÁ) [9].

l Íá åîáóöáëßæïõí óôáèåñüôçôá êáé áêñßâåéá êÝíôñùóçò
ôùí ãåùäáéôéêþí ïñãÜíùí, þóôå íá ìðïñïýí íá åðéôåõ-
÷èïýí õøçëÝò áêñßâåéåò.

l Íá åîáóöáëßæïõí ôç óôáèåñÞ ãåùìåôñßá ôïõ äéêôýïõ,
÷ùñßò íá åßíáé ìüíéìá åãêáôáóôçìÝíåò óôï õðüóôåãï,
þóôå íá ìçí åíï÷ëïýí Þ íá êéíäõíåýïõí íá êáôáóôñá-
öïýí áðü Üëëåò åñãáóßåò.

l Íá åßíáé åýêïëåò ðéèáíÝò ìéêñÝò ôñïðïðïéÞóåéò - åðåêôÜ-
óåéò ôïõ äéêôýïõ, áíÜëïãá ìå ôï ìÝãåèïò, ôç ìïñöÞ êáé
ôç èÝóç ôïõ åêÜóôïôå óêÜöïõò ðïõ èá áíåëêõóèåß ãéá
Ýëåã÷ï Þ/êáé åðéóêåõÝò óôï óõãêåêñéìÝíï õðüóôåãï.

¸ôóé, Ýðñåðå íá ó÷åäéáóôïýí êáé íá êáôáóêåõáóôïýí
áðü ôï Å.Ã.Ã. åéäéêÝò âÜóåéò óôÞñéîçò êáé êÝíôñùóçò ôùí
ãåùäáéôéêþí ïñãÜíùí, ðïõ ìå áðëïýò ôñüðïõò èá óôçñßæï-
íôáí óôá õðïóôõëþìáôá ôïõ õðïóôÝãïõ, ÷ùñßò êáìéÜ ìç
áíôéóôñåðôÞ åðÝìâáóç óå áõôÜ. Ãéá ôõ÷üí êïñõöÝò ôïõ
äéêôýïõ ðïõ äåí èá Þôáí ôïðïèåôçìÝíåò óôá õðïóôõëþìáôá,
Ýðñåðå íá êáôáóêåõáóôïýí åéäéêÜ ìðïõëüíéá êÝíôñùóçò,
ðïõ èá Þôáí ôïðïèåôçìÝíá ìüíéìá óôï äÜðåäï ôïõ õðïóôÝ-
ãïõ.

Ìå äåäïìÝíç ôç ìïñöÞ ôïõ õðïóôÝãïõ êáé ôéò äõíáôÝò
èÝóåéò, óôéò ïðïßåò ìðïñïýóáí íá ôïðïèåôçèïýí ïé åéäéêÜ
ó÷åäéáóìÝíåò âÜóåéò, ðïõ èá õëïðïéïýóáí ôéò êïñõöÝò ôïõ
äéêôýïõ åëÝã÷ïõ, åðåëÝãçóáí ôÝôïéåò èÝóåéò, þóôå íá åîá-
óöáëßæïõí áìïéâáßåò ïñáôüôçôåò êáé ôéò ìÝãéóôåò äõíáôÝò
ïñáôüôçôåò ðñïò ôï óêÜöïò. 

ÓõíïëéêÜ åðéëÝ÷èçêáí íá ôïðïèåôçèïýí 6 óôÜóåéò óôïí
ðñþôï üñïöï ôïõ õðïóôÝãïõ (3 áñéóôåñÜ êáé 3 äåîéÜ), 2 óôï
äåýôåñï üñïöï (1 áñéóôåñÜ êáé 1 äåîéÜ), 2 óôïí ôñßôï üñïöï
(1 áñéóôåñÜ êáé 1 äåîéÜ) êáé 1 óôï äÜðåäï óôçí åßóïäï ôïõ
õðïóôÝãïõ. Óôéò óôÜóåéò áõôÝò, ãéá ôïí Ýëåã÷ï êÜèå óêÜ-
öïõò, êÜèå öïñÜ èá ðñïóôßèåíôáé 2 óôÜóåéò ðÜíù óôï êáôÜ-
óôñùìá ôïõ óêÜöïõò (ðïõ åßíáé ôá õëïðïéçìÝíá óçìåßá ôïõ
ÂÁÁ) êáé, áíÜëïãá ìå ôéò åñãáóßåò ðïõ èá ðñÝðåé êÜèå öïñÜ
íá ãßíïõí, 4 óôÜóåéò óôéò åîüäïõò ôåóóÜñùí áðü ôïõò ôïñðé-
ëïóùëÞíåò ôïõ ÕÂ. Ïé 17 êïñõöÝò ôïõ äéêôýïõ åëÝã÷ïõ, ðïõ
åðåëÝãçóáí óôçí ðåñßðôùóç ôïõ óõãêåêñéìÝíïõ ÕÂ, öáßíï-
íôáé óôï ó÷Þìá 1. Ôï äßêôõï åëÝã÷ïõ êáé ôá 96 ðñïò ðñïó-
äéïñéóìü óçìåßá öáßíïíôáé óå ïñéæïíôéïãñáößá óôï ó÷Þìá 2.

Ãéá íá åðéôåõ÷èåß ç ðñïäéáãåãñáììÝíç áêñßâåéá (êáëýôå-
ñç ôùí ± 2 mm) óôïí ðñïóäéïñéóìü ôùí êáñôåóéáíþí óõíôå-
ôáãìÝíùí ôùí êïñõöþí ôïõ äéêôýïõ, Ýãéíå âåëôéóôïðïßçóç
(ìÝóù ôùí ðñïãñáììÜôùí OPT2D êáé OPT3D, [4]), áðü
üðïõ ðñïÝêõøáí ï áñéèìüò ôùí ðáñáôçñÞóåùí (áñéèìüò
äéåõèýíóåùí, êáôáêïñýöùí ãùíéþí êáé ðëåõñþí ðïõ Ýðñåðå
íá ìåôñçèïýí) êáé ïé áêñßâåéåò ôùí ãåùäáéôéêþí ïñãÜíùí
ðïõ èá Ýðñåðå íá ÷ñçóéìïðïéçèïýí ãéá ôéò ìåôñÞóåéò (ãùíéï-
ìåôñéêÜ üñãáíá áðüäïóçò 0.1 mgon êáé üñãáíá ìÝôñçóçò
ìçêþí áêñßâåéáò ± 3 mm ãéá ìÞêç ìéêñüôåñá ôùí 100 m).

3.2. KáôáóêåõÝò

Áðü ôï Å.Ã.Ã. ó÷åäéÜóôçêáí êáé êáôáóêåõÜóôçêáí åéäé-
êÝò ìåôáëëéêÝò âÜóåéò êÝíôñùóçò ôùí ãåùäáéôéêþí ïñãÜ-
íùí, ïé ïðïßåò ðáêôþèçêáí óôá õðïóôõëþìáôá ôïõ õðïóôÝ-
ãïõ. Óå áõôÝò õðÜñ÷åé óýóôçìá åîáíáãêáóìÝíçò êÝíôñùóçò
ôïõ ïñãÜíïõ, ìå áðïôÝëåóìá áõôü íá ôïðïèåôåßôáé óôçí ßäéá
áêñéâþò èÝóç êÜèå öïñÜ. Ïé âÜóåéò áõôÝò óôçñßæïíôáé óå
ñÜâäïõò ìÞêïõò 35 cm ìå ìéá åëáöñéÜ êëßóç ùò ðñïò ôçí
êÜèåôï óôï õðïóôýëùìá, êáé áõôü ãéá íá åßíáé êáëýôåñåò ïé
ïñáôüôçôåò ôïõ ðáñáôçñçôÞ. ÕðÜñ÷åé, åðßóçò, âñá÷ßïíáò
áíôéóôÞñéîçò ôùí âÜóåùí ãéá ôçí áðïöõãÞ ôáëáíôþóåùí Þ
êáé ðáñáìïñöþóåùí, äåäïìÝíïõ üôé ôá üñãáíá, ðïõ ôïðïèå-
ôÞèçêáí åðÜíù ôïõò, æõãßæïõí ðåñßðïõ 10 Kgr (ó÷Þìá 3).

Óôéò åðéëåãìÝíåò èÝóåéò ôùí õðïóôõëùìÜôùí ôïõ õðïóôÝ-
ãïõ óõãêïëëÞèçêáí ìüíéìá åëÜóìáôá, óôá ïðïßá ïé âÜóåéò
áõôÝò âéäþíïõí óôáèåñÜ êáôÜ ôç äéÜñêåéá åêôÝëåóçò ôùí
ãåùäáéôéêþí ìåôñÞóåùí êáé áöáéñïýíôáé ìåôÜ ôç ëÞîç ôïõò.

Ïé âÜóåéò, ðïõ ôïðïèåôÞèçêáí óôéò åîüäïõò ôùí ôåóóÜ-
ñùí ôïñðéëïóùëÞíùí, êáôáóêåõÜóôçêáí ìå ôéò ßäéåò áñ÷Ýò,
ìüíï ðïõ ðáêôþèçêáí åðÜíù óôï óþìá ôïõ ÕÂ.

ÅðåéäÞ ïé ðëåõñÝò ôïõ õëïðïéçìÝíïõ äéêôýïõ Þôáí ðïëý
ìéêñÝò, ïé êïéíïß óôü÷ïé ãùíéïìåôñÞóåùí äçìéïõñãïýóáí
ìåãÜëåò áâåâáéüôçôåò óôéò óêïðåýóåéò. Ãéá ôï óêïðü áõôü
êáôáóêåõÜóôçêáí ïñåé÷Üëêéíïé óôü÷ïé êùíéêÞò ìïñöÞò
ýøïõò 3 cm, ïé ïðïßïé ìðïñïýí íá ôïðïèåôçèïýí óôéò âÜóåéò
êáé õëïðïéïýí ôá óçìåßá óêüðåõóçò ìå ðïëý ìåãÜëç áêñß-
âåéá (ó÷Þìá 4).

3.3. ÌåôñÞóåéò

Ôá üñãáíá, ðïõ ÷ñçóéìïðïéÞèçêáí óôéò ìåôñÞóåéò, Þôáí:

l Çëåêôñïíéêü èåïäüëé÷ï Leica T1610 ìå åëÜ÷éóôç áíÜ-
ãíùóç ãùíéþí 1cc êáé áêñßâåéåò ãùíéþí ± 5cc (êáôÜ DIN
18723) [12].

l Åðéâáôéêü üñãáíï E.D.M. Leica DIOR 3002S, ìå áêñß-
âåéá óôç ìÝôñçóç ôïõ ìÞêïõò ± 3 mm ± 3 ppm. Ôï üñãá-
íï áõôü Ý÷åé ôç äõíáôüôçôá ìÝôñçóçò ôïõ ìÞêïõò ôüóï
ðÜíù óå åéäéêü óôü÷ï (êáôÜöùôï) (åìâÝëåéá Ýùò 8 km)
üóï êáé óå ïðïéáäÞðïôå åðéöÜíåéá ÷ùñßò ôç ÷ñÞóç êáôá-
öþôïõ (ìÝ÷ñé ôá 200 ðåñßðïõ ìÝôñá), üðïõ èá ðñÝðåé íá
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ðñïóäéïñßæåôáé ç ðéèáíÞ óôáèåñÜ ôçò ôõ÷áßáò åðéöÜíåéáò
ðñüóðôùóçò [12].

l Ãåùäáéôéêüò Óôáèìüò (Total Station) Leica TC1600 ìå
åëÜ÷éóôç áíÜãíùóç ãùíéþí 1cc êáé áêñßâåéåò ãùíéþí 
± 5cc (êáôÜ DIN 18723) êáé ìå áêñßâåéá ìçêþí ± 3mm 
± 3ppm [12].

l Óôü÷ïé óôïõò ïðïßïõò Þôáí ðñïóáñìïóìÝíï åéäéêü ðñß-
óìá (êáôÜöùôï) ãéá ôçí çëåêôñïìáãíçôéêÞ ìÝôñçóç ôùí
ìçêþí.

l ÅéäéêÜ êáôáóêåõáóìÝíïé ãùíéïìåôñéêïß óôü÷ïé.
l ÌåôáëëéêÞ ìåôñïôáéíßá äéçñçìÝíç áíÜ 0.5 mm.
l ×ùñïâÜôçò Wild ÍÁ2 êáé ôá áðáñáßôçôá ðáñåëêüìåíá,

ãéá ôçí õøïìåôñéêÞ óýíäåóç ìå ãåùìåôñéêÞ ÷ùñïóôÜè-
ìçóç ôùí êïñõöþí ôïõ äéêôýïõ åëÝã÷ïõ óôïõò ôñåéò ïñü-
öïõò ôïõ õðïóôÝãïõ [12].

Ðñéí áðü ôéò ìåôñÞóåéò, üëá ôá üñãáíá åëÝãèçêáí ãéá ôçí
áêñßâåéá ôùí ìåôñïýìåíùí ìåãåèþí êáé ãéá ôç óùóôÞ ëåé-
ôïõñãßá ôïõò, óýìöùíá ìå ôéò äéåèíåßò ðñïäéáãñáöÝò ÉSÏ /
DIN 12857-2 êáé 12857-3 [10], óôïõò åéäéêÜ äéáìïñöùìÝ-
íïõò åñãáóôçñéáêïýò ÷þñïõò ôïõ Ô.Á.Ô.Ì.

Ôá óôïé÷åßá ðïõ ìåôñÞèçêáí åßíáé áíåîÜñôçôåò äéåõèýí-
óåéò, êáôáêüñõöåò ãùíßåò êáé êåêëéìÝíá ìÞêç ìåôáîý ôùí
êïñõöþí.

Ïé ãùíéïìåôñÞóåéò Ýãéíáí ìå ôç ìÝèïäï ôùí ðëÞñùí
ðåñéóôñïöþí óå äýï ðëÞñåéò ðåñéüäïõò. Óå êÜèå óêüðåõóç,
üðïõ áõôü Þôáí äõíáôü, ãéíüôáí êáé ìÝôñçóç ôïõ êåêëéìÝíïõ
ìÞêïõò. ÅðéðëÝïí ìåôñÞèçêáí ôá ìÞêç ìåôáîý ôùí êïñõöþí
101, 102 êáé 103 êáé 108, 109 êáé 110 ìå ôç ìåôáëëéêÞ
ìåôñïôáéíßá, óå ìåôÜâáóç êáé åðéóôñïöÞ (ìÞêç ôçò ôÜîçò
ôùí 8 êáé 16 m). Óôçí ðåñßðôùóç áõôÞ, ïé êïñõöÝò åß÷áí åðé-
óçìáíèåß ìå åéäéêÜ êáôáóêåõáóìÝíïõò ìéêñïýò êþíïõò
ôïðïèåôçìÝíïõò óå ôñéêü÷ëéá, þóôå íá åîáóöáëßæåôáé ç
êáôáêïñõöüôçôá ôïõ ÜîïíÜ ôïõò.

3.4. Åðéëýóåéò - Óõíïñèþóåéò

Ç áðáßôçóç áðü ôï ÷ñÞóôç Þôáí ï ðñïóäéïñéóìüò ôùí
èÝóåùí ôùí óçìåßùí óå äýï äéáóôÜóåéò, üìùò ãéá êáèáñÜ
åñåõíçôéêïýò ëüãïõò Ýãéíáí äýï ðñïóäéïñéóìïß, óôéò 2 
(x, y) êáé ôéò 3 (x, y, z) äéáóôÜóåéò. 

Ïñßóôçêå ùò óýóôçìá áíáöïñÜò Ýíá áõèáßñåôï êáñôå-
óéáíü óýóôçìá, ìå óôáèåñÞ ôçí êïñõöÞ 116 ôïõ äéêôýïõ
åëÝã÷ïõ (ó÷. 1) êáé óôáèåñÞ äéåýèõíóç ôçí ðëåõñÜ 116 - 115
ôïõ äéêôýïõ. ÈåùñÞèçêáí:

x116 = 100.000 m , y116 = 100.000 m, z116 = 16.766 m
a116-115 = 100g.

Oé êïñõöÝò 116 êáé 115 Þôáí ôá 2 õëïðïéçìÝíá óôï êáôÜ-
óôñùìá ôïõ ÕÂ óçìåßá ôïõ êáôáêïñýöïõ åðéðÝäïõ ðïõ ðåñéÝ-
÷åé ôïí ÂÁÁ [9], [11]. Ôï õøüìåôñï ôçò 116 äüèçêå ìå âÜóç
ôç ãåùìåôñéêÞ ÷ùñïóôÜèìçóç ðïõ Ýãéíå ãýñù áðü ôï ÕÂ.

Óôï åðéëåãìÝíï áõèáßñåôï êáñôåóéáíü óýóôçìá áíáöï-
ñÜò õðïëïãßóôçêáí, ìå âÜóç ôéò óõíôåôáãìÝíåò ôùí 116 êáé
115, ïé ðñïóùñéíÝò óõíôåôáãìÝíåò (x, y, z) ôùí êïñõöþí ôïõ
åíéáßïõ äéêôýïõ.

Ðñïóäéïñßóôçêáí:
- Óå åíéáßá åðßëõóç ïé ïñèïãþíéåò óõíôåôáãìÝíåò (x, y, z)

ôùí 17 êïñõöþí ôïõ äéêôýïõ åëÝã÷ïõ êáé ôùí 96 óçìåßùí
ôïõ ÕÂ. Ôï ôñéäéÜóôáôï ãåùäáéôéêü äßêôõï ôùí 113 êïñõöþí
åðéëýèçêå ìå ôéò åëÜ÷éóôåò åîùôåñéêÝò äåóìåýóåéò, ìå ôç
÷ñÞóç ôïõ ðñïãñÜììáôïò ADJ3D [4]. Ôï ðñüãñáììá áõôü
äßíåé ùò ôåëéêÜ áðïôåëÝóìáôá:

l To a posteriori ôõðéêü óöÜëìá ôçò ìïíÜäáò âÜñïõò .

l Ôéò ôåëéêÝò óõíôåôáãìÝíåò ôùí êïñõöþí ôïõ äéêôýïõ.
l Ôïí ôåëéêü ðßíáêá ìåôáâëçôüôçôáò-óõììåôáâëçôüôçôáò

ôùí êïñõöþí ôïõ äéêôýïõ.

l Óôáôéóôéêü Ýëåã÷ï ôùí ðáñáôçñÞóåùí ãéá åðßðåäï óçìá-
íôéêüôçôáò 5%.

l Ôïí áñéèìü ðëåïíáóìïý êÜèå ðáñáôÞñçóçò êáé ôï ìÝóï
áñéèìü ðëåïíáóìïý ôïõ äéêôýïõ.

- Óå åíéáßá åðßëõóç ïé ïñèïãþíéåò óõíôåôáãìÝíåò (x, y)
ôùí 17 êïñõöþí ôïõ äéêôýïõ åëÝã÷ïõ êáé ôùí 96 óçìåßùí
ôïõ ÕÂ, óå áõèáßñåôï êáñôåóéáíü óýóôçìá áíáöïñÜò. Ôï
äéäéÜóôáôï ãåùäáéôéêü äßêôõï ôùí 113 êïñõöþí åðéëýèçêå
ìå ôéò åëÜ÷éóôåò åîùôåñéêÝò äåóìåýóåéò, ìå ôç ÷ñÞóç ôïõ
ðñïãñÜììáôïò ADJ2D [4]. Ôï ðñüãñáììá áõôü äßíåé ùò ôåëé-
êÜ áðïôåëÝóìáôá:

l To a posteriori ôõðéêü óöÜëìá ôçò ìïíÜäáò âÜñïõò .

l Ôéò ôåëéêÝò óõíôåôáãìÝíåò ôùí êïñõöþí ôïõ äéêôýïõ.
l Ôïí ôåëéêü ðßíáêá ìåôáâëçôüôçôáò-óõììåôáâëçôüôçôáò

ôùí êïñõöþí ôïõ äéêôýïõ.

l Óôáôéóôéêü Ýëåã÷ï ôùí ðáñáôçñÞóåùí ãéá åðßðåäï óçìá-
íôéêüôçôáò 5%.

l Ôéò áðüëõôåò åëëåßøåéò óöÜëìáôïò ôùí êïñõöþí ôïõ
äéêôýïõ.

l Ôéò ó÷åôéêÝò åëëåßøåéò óöÜëìáôïò ìåôáîý ôùí êïñõöþí
ðïõ Ý÷ïõí åðéëåãåß.

l Ôïí áñéèìü ðëåïíáóìïý êÜèå ðáñáôÞñçóçò êáé ôï ìÝóï
áñéèìü ðëåïíáóìïý ôïõ äéêôýïõ.

- Áðü ôéò ôåëéêÝò óõíôåôáãìÝíåò (x, y), ðïõ ðñïÝêõøáí
áðü ôçí åðßëõóç ôïõ äéäéÜóôáôïõ äéêôýïõ, õðïëïãßóôçêáí
óôï ïñéæüíôéï åðßðåäï ãéá ôá 96 óçìåßá åëÝã÷ïõ ôïõ ÕÂ:

l Oé áðïóôÜóåéò Á áðü ôï êáôáêüñõöï åðßðåäï ðïõ ðåñéÝ÷åé
ôïí ÂÁÁ, ïé ïðïßåò, áðü ôïí ïñéóìü ôïõ óõóôÞìáôïò áíá-
öïñÜò, áíôéóôïé÷ïýí óôéò ôåôáãìÝíåò y ôùí óçìåßùí (ó÷. 2).

l Ïé áðïóôÜóåéò C ðÜíù óôïí ÂÁÁ (ðëåõñÜ 116 - 115 ôïõ
äéêôýïõ åëÝã÷ïõ) áðü ôïí Üîïíá Y ðïõ äéÝñ÷åôáé áðü ôçí
êïñõöÞ 116 (ó÷. 2).
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4. ÁÐÏÔÅËÅÓÌÁÔÁ - ÓÕÌÐÅÑÁÓÌÁÔÁ

Ôá ôåëéêÜ áðïôåëÝóìáôá óõíïøßæïíôáé óôá ðáñáêÜôù:

l Ïé áñ÷éêÝò åðéëïãÝò ôùí âáñþí (ðñïåêôéìÞóåéò ôùí áêñé-
âåéþí ôùí ìåôñçìÝíùí ìåãåèþí) Þôáí åðéôõ÷åßò.
ÐñïÝêõøáí ïé ôéìÝò:

- ãéá ôï 3D äßêôõï: 

- ãéá ôï 2D äßêôõï: 

l Ï Ýëåã÷ïò ãéá ÷ïíäñïåéäÞ óöÜëìáôá Þôáí åðéôõ÷Þò. 
l O ìÝóïò áñéèìüò ðëåïíáóìïý ðïõ õðïëïãßóôçêå Þôáí

ãéá ìåí ôçí ðåñßðôùóç ôïõ 3D äéêôýïõ 0.6, ãéá äå ôçí
ðåñßðôùóç ôïõ åíéáßïõ 2D äéêôýïõ 0.7, åíþ ïé äõóìåíÝ-
óôåñïé áñéèìïß ðëåïíáóìïý Þôáí ôçò ôÜîçò ôïõ 0.4 óå 4
ðáñáôçñÞóåéò áðü ôï óýíïëï ôùí 504. Ôüóï ïé ìÝóïé
áñéèìïß ðëåïíáóìïý üóï êáé ïé áñéèìïß ðëåïíáóìïý ôùí
ðáñáôçñÞóåùí êáé óôá 2 äßêôõá ðïõ åðéëýèçêáí êñßíï-
íôáé éêáíïðïéçôéêïß.

l Ïé ôåëéêÝò áêñßâåéåò ðïõ åðåôåý÷èçóáí Þôáí:
óôéò óõíôåôáãíåò ôïõ 3D äéêôýïõ: ± 1.0 ÷ ± 1.3 mm
óôéò óõíôåôáãíåò ôïõ 2D äéêôýïõ: ± 0.8 ÷ ± 1.1 mm
óôïí ðñïóäéïñéóìü ôùí áðïóôÜóåùí Á êáé C:
± 1.2 ¸ ± 1.8 mm.

Ïé áêñßâåéåò áõôÝò ðëçñïýí ôçí ðñïäéáãåãñáììÝíç áðáß-
ôçóç ôùí ± 2 mm.

¼ðùò áðÝäåéîáí ôá ôåëéêÜ áðïôåëÝóìáôá, ç ãåùäáéôéêÞ
äéáäéêáóßá ðïõ áêïëïõèÞèçêå (ó÷åäéáóìüò äéêôýïõ, äéáäé-
êáóßá ðáñáôçñÞóåùí êáé õðïëïãéóìþí) õðÞñîå åðéôõ÷Þò. Ïé
åéäéêÝò êáôáóêåõÝò (óôü÷ïé êáé âÜóåéò êÝíôñùóçò ôùí ïñãÜ-
íùí), ðïõ ó÷åäéÜóôçêáí êáé êáôáóêåõÜóôçêáí áðü ôï Åñãá-
óôÞñéï ÃåíéêÞò Ãåùäáéóßáò ôïõ Ô.Á.Ô.Ì.-Å.Ì.Ð., ëåéôïýñ-
ãçóáí êáé áðÝäùóáí ôá áíáìåíüìåíá áðïôåëÝóìáôá. Ç äéá-
äéêáóßá, ðïõ ðåñéãñÜöåôáé óôçí åöáñìïãÞ áõôÞ, Ý÷åé Þäç
åöáñìïóôåß êáé óå äåýôåñï ÕÂ ôïõ Ð-Í ìå ôá ßäéáò ôÜîçò
áêñßâåéáò áðïôåëÝóìáôá, áëëÜ óå ðïëý ðéï óýíôïìï ÷ñïíé-
êü äéÜóôçìá. Ç ðñþôç åöáñìïãÞ ôçò áðáßôçóå 2 ìÞíåò ðñï-
åôïéìáóßá óôï ÷þñï ôùí ìåôñÞóåùí êáé óôï ãñáöåßï, 5 çìÝ-
ñåò ãéá ôçí åêôÝëåóç ôùí ìåôñÞóåùí êáé 10 çìÝñåò ãéá ôçí
åðåîåñãáóßá ôùí ìåôñÞóåùí êáé ôçí åîáãùãÞ ôùí ôåëéêþí
áðïôåëåóìÜôùí, åíþ ç äåýôåñç åöáñìïãÞ áðáßôçóå 15 çìÝ-
ñåò, 3 çìÝñåò êáé 1 åâäïìÜäá áíôßóôïé÷á.

ÓõíïðôéêÜ, ôïíßæïíôáé ôá åîÞò:

l ÊÜèå ìßá ðåñßðôùóç åëÝã÷ïõ âéïìç÷áíéêïý ðáñáãþãïõ
ìå ãåùäáéôéêÞ äéáäéêáóßá ðñÝðåé íá èåùñåßôáé îå÷ùñéóôÞ
êáé íá áíôéìåôùðßæåôáé ùò ôÝôïéá.
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l ÐñÝðåé íá äßíåôáé éäéáßôåñç ðñïóï÷Þ óôçí åðéëïãÞ ôùí
ïñãÜíùí êáé êõñßùò ôùí ðáñåëêïìÝíùí, êáé óôç ó÷ïëá-
óôéêÞ åêôÝëåóç ôùí ìåôñÞóåùí, þóôå íá åîáóöáëßæïíôáé
ïé õøçëÝò áðáéôÞóåéò áêñéâåßáò. Áðáñáßôçôá, ôá üñãáíá
ðïõ ÷ñçóéìïðïéïýíôáé èá ðñÝðåé íá âáèìïíïìïýíôáé
(äéáêñéâþíïíôáé) ðñéí êáé ìåôÜ ôçí åêôÝëåóç ôùí ìåôñÞ-
óåùí.

l Óôçí åðßëõóç ôùí äéêôýùí ðåñéïñéóìÝíïõ ðåäßïõ (áðï-
óôÜóåéò ìåôáîý êïñõöþí áðü ìåñéêÝò äåêÜäåò åêáôïóôÜ
ìÝ÷ñé ìåñéêÝò äåêÜäåò ìÝôñá) õøçëþí ðñïäéáãñáöþí
áêñßâåéáò ìå ôç ìÝèïäï ìåôáâïëÞò ôùí óõíôåôáãìÝíùí
ôçò Ì.Å.Ô., ï ðñïóäéïñéóìüò ôùí ðñïóùñéíþí óõíôåôáã-
ìÝíùí ôùí êïñõöþí åßíáé êñßóéìïò.

l ÐñÝðåé íá äßíåôáé éäéáßôåñç ðñïóï÷Þ óôç óùóôÞ åñìç-
íåßá ôùí áðïôåëåóìÜôùí, þóôå ðéèáíïß èüñõâïé íá ìçí
ëáìâÜíïíôáé ùò ðáñáìïñöþóåéò (Ýëåã÷ïò ÷ïíäñïåéäþí
óöáëìÜôùí - õðïëïãéóìüò ôïõ áñéèìïý ðëåïíáóìïý
êÜèå ðáñáôÞñçóçò).

ÅÕ×ÁÑÉÓÔÉÅÓ

Ïé óõããñáöåßò èá Þèåëáí íá åõ÷áñéóôÞóïõí:
a) Ôï ðñïóùðéêü ôïõ Í/Ó êáé éäéáßôåñá ôï ðñïóùðéêü ôïõ

ðñïãñÜììáôïò NEPTUNE ãéá ôç óõíåñãáóßá.
â) Ôïí ê. Á. Óéïýëç, Á.Ô.Ì., õðïøÞöéï äéäÜêôïñá Å.Ì.Ð.,

ãéá ôçí åðéìÝëåéá ôùí ó÷çìÜôùí.
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Ó÷Þìá 1: Ïé 17 êïñõöÝò ôïõ äéêôýïõ áíáöïñÜò.
Figure 1: The 17 reference points of the network.
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Ó÷Þìá 2: Ïé 13 êïñõöÝò áíáöïñÜò áðü ôéò ïðïßåò ðñïóäéïñßóôçêáí ïé èÝóåéò ôùí 96 óçìåßùí åëÝã÷ïõ.
Figure 2: The 13 reference points from where the positions of the 96 control points were determined.

Ó÷Þìá 3: ÅéäéêÝò âÜóåéò óôÞñéîçò êáé êÝíôñùóçò ãåùäáéôéêþí ïñãÜíùí.
Figure 3: Special construction for the centering of geodetic instruments.
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Ó÷Þìá 4: ÅéäéêÜ êáôáóêåõáóìÝíïé ïñåé÷Üëêéíïé óôü÷ïé êùíéêÞò ìïñöÞò.
Figure 4: Special constructed targets for angle measurements.

Ó÷Þìá 5: ÁðïóôÜóåéò ôùí óçìåßùí åëÝã÷ïõ áðü ôïí Â.Á.Á.
Figure 5: Distances of the control points from the B.R.A.
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Abstract
The present paper deals with the procedure followed in order to
detect discrepancies in the geometry of industrial products from
their specified shape. As an application, the procedure followed in
order to determine the position of 96 points established on the body
of a submarine relative to one of its main theoretical axes is presented.

1. INTRODUCTION

The rapid development of geodetic instrumentation and
techniques during the last decade has allowed for the appli-
cation of geodetic methods for monitoring several industrial
products. Thus, the special branch of Industrial Geodesy has
been developed, dealing with the detection of discrepancies
in the geometry of industrial products from their specified
shape or their deformations occurring with time, by precise
and reliable geodetic measurements.

2. THEORETICAL PROCEDURE 

In order to determine the relative positions of points or
their distances from predefined axes or planes there is a need
for establishing, measuring and adjustment of horizontal,
vertical or 3D geodetic control networks, consisting of refe-
rence points established in the area immediately around the
object and control points on the object.

As the area around the object is usually limited, the geo-
metry of these networks is far from optimal, while the dis-
tances between points are very short. Thus, in order to
achieve the desired accuracy, which is of the order of a few
millimeters, high precision instrumentation should be used
and provision should be made for the appropriate centering
devices and targets.

The elements measured are usually directions or angles
(horizontal and vertical), and distances, provided that their

accuracy is compatible with that of angles. In vertical and 3D
networks height differences may also be measured by geo-
metric leveling. In the case of only angular measurements the
scale of the networks is provided by special invar rods
equipped with targets at both ends for short range
observations.

It is recommended to include both reference and control
points in a simultaneous least square adjustment by the
method of Variation of Coordinates with the minimum set of
constraints, while an optimization of the network should be
attempted before the measurements. 

In the case of networks created for the detection of dis-
crepancies from the specified geometry of the object, the
optimization deals with the uncertainties in the relative posi-
tions of control points or of their distances from predefined
axes or planes as compared with the anticipated discrepan-
cies. In the process of optimization, provision should also be
made for maximum controllability and sensitivity, which is
achieved by maximizing the redundancy numbers of the
observations.

Measurements and adjustment should be followed by the
appropriate statistical tests for gross and systematic errors,
while the computed discrepancies should be tested against
their standard errors in order to test their significance. 

3. APPLICATION 

The presented application deals with the procedure fol-
lowed in order to determine the position of the 96
hydrophones of a submarine relative to one of its main theo-
retical axes, the so called «Basic Reference Axis - BRA»
with an accuracy better than ± 2 mm.

The submarine was positioned in a hangar which did not
allow for a large variety of choices concerning the reference
points of the network.
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Finally, 17 reference points were selected (fig. 1) after an
optimization. Fourteen of the reference points were esta-
blished on the metal pillars of the hangar, distributed in 3 le-
vels and materialized by special constructions (fig. 3). The
last 3 of the reference points were materialized by tripods, 2
of which were also points on the line which is the intersection
of the vertical plane containing the BRA with the deck of the
ship.

The total network consisted of 113 points (17 reference
and 96 control points) (fig. 2). Each of the 96 control point
could be observed from at least three reference points.

Measurements of horizontal and vertical angles and of
slope distances were carried out using electronic digital
instrumentation. All instruments were checked and adjusted
before and after the measurements, according to ISO / DIN
12857-2 and 12857-3.

4. RESULTS

Two least square adjustments by the method of Variation
of Coordinates with the minimum set of constraints were car-
ried out, one for the 2D and one for the 3D network.

The final results are:
⇒ The initial weights were successfully selected: 

⇒ The statistical tests for gross errors were successful.
⇒ The calculated mean redundancy numbers were 0.6 for the

3D and 0.7 for the 2D network, which are considered as
satisfactory.

⇒ The final achieved accuracies were:

∗ ± 1.0 ÷ ± 1.3 mm, for the coordinates of the 3D network.
∗ ± 0.8 ÷ ± 1.1 mm, for the coordinates of the 2D network.
∗ ± 1.2 ÷ ± 1.8 mm, for the determination of the distances A

and C (fig. 2).

These results fulfill the desired accuracy of ± 2.0 mm.
As the final results show, the geodetic procedure which

was followed (optimization of the network, measurements
and adjustment) was successful.

Finally, it should be pointed out that:

l A geodetic control network for a special industrial pro-
duct should be considered as unique.

l The instrumentation used should fulfil the appropriate
standards of accuracy; before and after the measurements,
all instruments should be properly calibrated.

l The accuracy of the provisional coordinates is critical in
the case of short range geodetic networks.

l Special care should be taken in the statistical testing of
observations and results, to avoid the confusion of dis-
crepancies with noise.
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