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PERILHYH

H diatrib  esti�zei sthn ereunhtik  perioq  twn DiktÔwn Stajer¸n Epikoinwni¸n me th qr sh

Stratosfairik¸n Platform¸n. Exet�zontai dÔo apì ta pio krÐsima jèmata pou aforoÔn sthn

teqnologÐa twn Stratosfairik¸n DiktÔwn (SD). To pr¸to sqetÐzetai me to up�rqon perio-

rismèno f�sma radiosuqnot twn, kai me to gegonìc ìti h ekq¸rhsh suqnot twn leitourgÐac

gia ta SD eÐnai se z¸nec suqnot twn stic opoÐec leitourgoÔn to EpÐgeio DÐktuo (ED), kai

to Doruforikì DÐktuo (DD) me proteraiìthta. AparaÐthth loipìn proôpìjesh gia thn qr sh

twn zwn¸n aut¸n apì ta SD eÐnai h eÔresh twn kat�llhlwn mejìdwn suntonismoÔ touc me

ta proanaferìmena dÐktua, h an�ptuxh efarmìsimwn krithrÐwn sunÔparxhc kai h melèth pija-

n¸n perioristik¸n mètrwn sth leitourgÐa touc, ètsi ¸ste aut� na mhn prokaloÔn anepijÔmhtec

parembolèc. To deÔtero afor� sthn ast�jeia twn stratosfairik¸n platform¸n kai tic sunè-

peiec pou sunep�getai aut  h adunamÐa stajer c kÐnhshc. Kai ta dÔo aut� jèmata apoteloÔn

antikeÐmeno thc sugkekrimènhc didaktorik c diatrib c.

H auxanìmenh z thsh gia stajerèc euruzwnikèc uphresÐec èqei odhg sei sthn epituq  kai ra-

gdaÐa an�ptuxh tìso twn epÐgeiwn ìso kai twn doruforik¸n susthm�twn epikoinwni¸n. Ta

teleutaÐa qrìnia par�llhla me aut� ta dÔo kajierwmèna plèon sust mata, èqei protajeÐ mia

nèa teqnologÐa h opoÐa basÐzetai se stratosfairikèc platfìrmec (HAPS, High Altitude Plat-

form Stations) oi opoÐec mporeÐ na eÐnai aerosk�fh, aerìploia,   mh-epandrwmèna hliak� tro-

fodotoÔmena aerosk�fh, ta opoÐa leitourgoÔn se sqedìn statik  jèsh se uyìmetro an�mesa

sta 15 kai ta 30 Km apì thn epif�neia thc Ghc. Ta sust mata pou basÐzontai stic strato-

sfairikèc platfìrmec èqoun thn dunatìthta autìnomhc leitourgÐac, all� mporoÔn epÐshc na

leitourg soun sumplhrwmatik� sta epÐgeia kai doruforik� sust mata. Q�rh sthn monadik 

jèsh apì thn opoÐa parèqoun uphresÐec, uperteroÔn shmantik� ènanti twn up�rqontwn su-

sthm�twn. To pr¸to mèroc thc didaktorik c diatrib c pragmateÔetai thn teqnologÐa, kai ta

teqnik� kai leitourgik� qarakthristik� twn susthm�twn pou basÐzontai stic stratosfairikèc

platfìrmec. Katagr�fontai analutik� oi z¸nec suqnot twn stic opoÐec mporoÔn na leitourg -

soun kaj¸c kai oi uphresÐec pou mporoÔn na prosfèroun ta SD. AnalÔontai oi sunj kec pou

iii



epikratoÔn sthn stratìsfaira, melet¸ntai h gewmetrÐa kai h epif�neia k�luyhc apì strato-

sfairik  platfìrma, to perib�llon di�doshc gia SD sthn qiliostometrik  z¸nh suqnot twn,

kai oi dunatìthtec twn SD.

To deÔtero mèroc afor� sth melèth ìlwn twn pijan¸n diadrom¸n di�doshc parembol c metaxÔ

Stratosfairik¸n DiktÔwn kai EpÐgeiwn DiktÔwn. ProteÐnetai mia nèa mèjodoc suntonismoÔ

gia tic parembolèc pou prokaloÔntai apì tic ekpompèc isqÔoc thc k�tw zeÔxhc (stratìsfaira-

proc-Gh) twn SD proc touc dèktec tou ED. H mèjodoc aut  afor� sthn eÔresh apost�sewn

diaqwrismoÔ metaxÔ thc perioq c k�luyhc tou SD kai thc perioq c leitourgÐac tou ED, kai

basÐzetai sthn ektÐmhsh thc klasmatik c upob�jmishc leitourgÐac tou ED, lamb�nontac upìyh

ta apotelèsmata thc melèthc epÐdrashc thc kÐnhshc thc stratosfairik c platfìrmac sth st�j-

mh omodiaulik c parembol c pou prokaleÐtai ston epÐgeio dèkth, thn proteinìmenh realistik 

katanom  gwni¸n anÔywshc tou ED, kai to bajmiaÐa anaptussìmeno SD. Par�llhla proteÐ-

netai èna jewrhtikì montèlo ektÐmhshc thc ajroistik c parembol c pou prokaleÐtai apì touc

epÐgeiouc stajmoÔc tou SD proc stajmì tou ED, me b�sh to opoÐo melet¸ntai nèec apost�-

seic suntonismoÔ metaxÔ epÐgeiou dèkth kai tou shmeÐou nadÐr thc stratosfairik c platfìrmac.

To trÐto mèroc afor� sth melèth ìlwn twn pijan¸n diadrom¸n di�doshc parembol c meta-

xÔ Stratosfairik¸n DiktÔwn kai Doruforik¸n DiktÔwn, kai sthn prìtash nèwn trìpwn kai

mejìdwn exasf�lishc thc armonik c touc sunÔparxhc. Melet¸ntai oi parembolèc pou pro-

kaloÔntai apì tic ekpompèc isqÔoc thc �nw zeÔxhc (Gh-proc-stratìsfaira) kai k�tw zeÔxhc

(stratìsfaira-proc-Gh) tou SD proc touc gewstatikoÔc dèktec tou DD, lamb�nontac upìyh

gia pr¸th for� sth bibliografÐa ìti ta dÔo dÐktua leitourgoÔn sthn Ðdia perioq  k�luyhc.

ProteÐnontai nèa ìria isqÔoc gia to SD kai anaptÔssontai nèa krit ria sunÔparxhc ta opoÐa

ex�gontai me thn pragmatopoÐhsh prosomoi¸sewn se poikÐla perib�llonta parembol¸n me qr -

sh kat�llhlou logismikoÔ, exeidikeumènou sthn an�lush parembol¸n metaxÔ asÔrmatwn thle-

pikoinwniak¸n susthm�twn.

Me thn uiojèthsh twn proteinìmenwn mejìdwn kai krithrÐwn, exasfalÐzontai apodotikìterec

sunj kec sunÔparxhc (mikrìterec apost�seic diaqwrismoÔ metaxÔ twn gewgrafik¸n perioq¸n

k�luyhc tou SD kai tou ED, mikrìterec apost�seic suntonismoÔ metaxÔ stajm¸n tou ED kai

tou shmeÐou nadÐr thc stratosfairik c platfìrmac, dunatìthta leitourgÐac tou SD kai tou

DD sthn Ðdia perioq  k�luyhc ka.) metaxÔ twn upì melèth diktÔwn, apì autèc pou exasfalÐ-

zontai me tic up�rqousec mejìdouc sth diejn  bibliografÐa.



ABSTRACT

The thesis focuses on the research area of Fixed Service using High Altitude Platform Sta-

tions (HAPS). Two of the most critical issues, related to High Altitude Platform Networks

(HAPN), are studied. The first is related to the limited spectrum resources, and the fact that

the allocated frequency bands for HAPN, are already in primary use by Terrstrial Networks

(TN), and Satellite Networks (SN). It is of crucial importance that appropriate coordination

methods and sharing criteria are developed between HAPN, TN, and SN, as well as to study

potential limits for HAPN, in a way that they do not cause harmful interference to TN and

SN. The second issue is High Altitude Platform’s movement and the consequences of this

movement to the interference environmnent. Both these issues are thoroughly studied in this

thesis.

The increasing demand for fixed broadband services has led to the successful and rapid

deployment of both terrestrial and satellite communication systems. In parallel to these

two well-established systems, in recent years a new technology has been proposed, based

on High Altitude Platform Stations (HAPS), which can be aircraft, airship, or unmanned

solar-powered aircraft operating in quasi-stationary position at heights between 15 and 30

Km from the surface of Earth. High Altitude Platform Systems can operate as standalone

or complemenary to terrestrial and satellite systems. Due to the unique position of HAPS,

they outperform the current existing technologies. The first part of the thesis deals with the

study of the technology, the technical and operational characteristics of the systems which

are based on HAPS. The frequency allocations and the associated services by HAPS are pre-

sented. The propagation mechanisms, the conditions in the stratosphere, the radiocoverage

parameters, the architecture and all the basic aspects of HAPN are thoroughly studied.

The second part deals with the study of all the potential interference propagation paths

between HAPN and TN. A new method is proposed for estimating the impact of stratosphere-
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to-Earth co-channel interference from high altitude platforms to terrestrial systems, based

on the evaluation of fractional degradation in performance of terrestrial systems considering

parameters such as high altitude platform’s movement, different HAPN configurations and

realistic allocation of azimuth and elevation angles of the terrestrial microwave links. New

concepts which could be used in spectrum sharing studies between HAPN and TN operating

in adjacent geographical areas in the millimeter-wave bands are presented. Moreover this sec-

tion proposes a calculation model of the aggregate interference produced by ground stations

of HAPN to receivers of TN, on which new coordination distances between the terrestrial

receiver and the nadir point below the platform are derived.

The third part of the thesis is dedicated to the study of all the potential interference pro-

pagation paths between HAPN and SN, and the proposal of new coordination methods and

criteria which could help the harmonic sharing between the two networks. In particular,

the interference produced by uplink (Earth-to-stratosphere), and downlink (stratosphere-to-

Earth) emissions of HAPN to the geostationary satellite receivers of SN is studied, taking into

consideration that the two networks operate in the same coverage area. New power limits

for the HAPN are proposed, and new sharing criteria are developed through simulations in

various environments based on a software specialized in interference analysis of telecommu-

nication systems.

By adopting the proposed methods and criteria, a more efficient use of the spectrum shared

between HAPN, TN and SN is obtained.



Lèxeic Kleidi�:

Ellhnik�: Stratosfairikì DÐktuo, EpÐgeio DÐktuo, Doruforikì DÐktuo, parembol , mèjo-

doc suntonismoÔ, krit ria sunÔparxhc, kÐnhsh stratosfairik c platfìrmac.

Agglik�: High Altitude Platform Network, Terrestrial Network, Satellite Network, interfe-

rence, coordination method, sharing criteria, high altitude platform’s movement.
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Ja  jela na afier¸sw autèc tic lÐgec grammèc, gia na euqarist sw k�poiouc anjr¸pouc, twn

opoÐwn h sunergasÐa kai h parousÐa  tan parap�nw apì shmantik  gia thn olokl rwsh thc

ereunhtik c mou prosp�jeiac.

Arqik� jèlw na euqarist sw ton Kajhght  tou E.M.P kai epiblèponta thc diatrib c mou

k. FÐlippo KwnstantÐnou, gia thn kajoristik  kajod ghsh tou kai thn amèristh upost rixh

tou sth di�rkeia thc didaktorik c diatrib c. 'Htan pragmatik� qar� gia mèna pou doÔleya

mazÐ tou ta teleutaÐa tesser�mish qrìnia. H empistosÔnh me thn opoÐa me perièballe, kai au-

t� pou èmaja kont� tou,  tan polÔtima ¸ste na mporèsw na antapexèljw sto stìqo pou èjesa.

EpÐshc ja  jela na euqarist sw ìlouc touc fÐlouc kai sun�delfouc sto Ergast rio Ki-

nht¸n Radioepikoinwni¸n tou E.M.P, gia thn sunergasÐa kai tic empeirÐec pou z same mazÐ ìla

aut� ta qrìnia. IdiaÐtera euqarist¸ thn Dr. MarÐa Kwlètta gia thn dhmiourgik  sunergasÐa

se jèmata parembol¸n, kai ton upoy fio did�ktora Nikìlao Skènto gia tic suzht seic mac

kai tic sumboulèc tou apì thn arq  thc prosp�jeiac mou. Ja  jela akìmh na euqarist sw

ton fÐlo mou kai mhqanikì thlepikoinwni¸n, Ge¸rgio Gewrgi�ko, gia thn shmantik  bo jeia

tou me tic zeÔxeic tou EpÐgeiou DiktÔou sthn Ell�da. EpÐshc euqarist¸ touc proptuqiakoÔc

foithtèc, stouc opoÐouc eÐqa thn tim  na eÐmai epiblèpwn, gia tic frèskiec idèec touc kai gia to

polÔ kalì apotèlesma thc sunergasÐac mac.

Tèloc ja  jela na ekfr�sw thn eugnwmosÔnh mou sthn oikogèneia mou, giatÐ eÐnai p�nta

dÐpla mou me ag�ph kai katanìhsh. H didaktorik  diatrib  eÐnai afierwmènh olìyuqa se aut n.

Ja  jela epÐshc na euqarist sw ton M�rio, gia to amèristo endiafèron tou, kai thn Iw�nna

giatÐ èkane pio ìmorfh th diadrom  aut .
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Kef�laio 1

Eisagwg 

H auxanìmenh z thsh gia stajerèc euruzwnikèc uphresÐec èqei odhg sei sthn epituq  kai ra-

gdaÐa an�ptuxh tìso twn epÐgeiwn ìso kai twn doruforik¸n susthm�twn epikoinwni¸n. Ta

teleutaÐa qrìnia par�llhla me aut� ta dÔo kajierwmèna plèon sust mata, èqei protajeÐ mia

nèa teqnologÐa h opoÐa basÐzetai se enaèriec platfìrmec gia thn paroq  stajer¸n euruzwnik¸n

uphresi¸n stic qiliostometrikèc z¸nec suqnot twn [1] - [5].

Oi enaèriec platfìrmec gnwstèc kai wc platfìrmec meg�lou uyomètrou1   alli¸c strato-

sfairikèc platfìrmec, mporoÔn na leitourg soun se sqedìn statik  jèsh se uyìmetro an�mesa

sta 15 kai ta 30 Km [6] apì thn epif�neia thc Ghc (stratìsfaira). Ta sust mata pou basÐzon-

tai stic stratosfairikèc platfìrmec diathroÔn ta pleonekt mata twn epÐgeiwn kai doruforik¸n

susthm�twn. H monadik  jèsh apì thn opoÐa leitourgoÔn prosfèrei shmantikì pleonèkthma

proôpologismoÔ zeÔxhc, kai amelhtèec kajuster seic di�doshc tou radios matoc se sÔgkrish

me ta doruforik� sust mata, kaj¸c kai arket� megalÔterh perioq  k�luyhc se sÔgkrish me

ta epÐgeia sust mata. Epiplèon parèqoun megalÔterou m kouc zeÔxeic shmeÐou proc shmeÐo

kai shmeÐou proc pollapl� shmeÐa me mikrìterh exasjènhsh broq c se sÔgkrish me tic epÐgeiec

zeÔxeic.

SÔmfwna me ta apotelèsmata thc èreunac [4], [5], [7], ta thlepikoinwniak� dÐktua me th qr -

sh stratosfairik¸n platform¸n èqoun thn dunatìthta taqeÐac egkat�stashc, prosarmosti-

kìthtac uphresi¸n, upost rixhc gr gorwn rujm¸n metadìsewn, kai auxhmènhc qwrhtikìthtac

1H Diejn c 'Enwsh Thlepikoinwni¸n ITU qrhsimopoieÐ ton ìro High Altitude Platform Station (HAPS) gia
na perigr�yei ton stajmì pou brÐsketai se uyìmetro 20 e¸c 50 Km se kajorismèno stajerì shmeÐo sqetik�
me thn Gh
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Kef�laio 1.

se qamhlì kìstoc kai me qamhlèc apait seic isqÔoc. H Diejn c 'Enwsh Thlepikoinwni¸n gia

na bohj sei sthn an�ptuxh twn diktÔwn aut¸n, èqei probeÐ stadiak� apì to Pagkìsmio Su-

nèdreio Thlepikoinwni¸n tou 1997 sthn ekq¸rhsh f�smatoc radiosuqnot twn sta 48/47 GHz

(V z¸nh) pagkosmÐwc, kai sta 31/28 GHz (Ka z¸nh) se sugkekrimènec q¸rec, en¸ up�rqei

endiafèron kai gia thn qr sh akìma qamhlìterwn zwn¸n, ìpwc sta 3-18 GHz.

Wstìso èna apì ta probl mata pou anadÔontai apì thn qr sh twn proanaferjèntwn suqno-

t twn apì ta Stratosfairik� DÐktua (SD) eÐnai h exasf�lish thc armonik c touc sunÔparxhc

me ekeÐna ta asÔrmata thlepikoinwniak� dÐktua pou leitourgoÔn  dh stic z¸nec autèc kai m�-

lista me prwteÔousa proteraiìthta. Gia tic proteinìmenec z¸nec proc koin  qr sh apì thn

Diejn  'Enwsh Thlepikoinwni¸n, tètoia dÐktua eÐnai to EpÐgeio DÐktuo (ED) kai to Dorufo-

rikì DÐktuo (DD).

AparaÐthth loipìn proôpìjesh gia thn qr sh twn zwn¸n aut¸n apì ta SD eÐnai h eÔresh

twn kat�llhlwn mejìdwn suntonismoÔ touc me ta proanaferìmena dÐktua, h an�ptuxh twn

kat�llhlwn krithrÐwn sunÔparxhc kai h melèth pijan¸n perioristik¸n mètrwn sth leitourgÐa

touc, ètsi ¸ste aut� na mhn prokaloÔn anepijÔmhtec parembolèc. Autì eÐnai kai to antikeÐmeno

thc sugkekrimènhc Didaktorik c Diatrib c.

Sthn Didaktorik  Diatrib  ìlec oi diadromèc parembol¸n pou prokaloÔntai apì èna SD

proc èna ED kai èna DD melet¸ntai kai analÔontai ekten¸c. Gia k�je mÐa apì autèc tic

diadromèc autèc proteÐnontai oi kat�llhloi trìpoi epÐlushc tou probl matoc kai ekeÐna ta

perioristik� mètra pou prèpei na uiojethjoÔn.

Sugkekrimèna gia tic parembolèc pou prokaloÔntai apì tic ekpompèc isqÔoc thc k�tw zeÔ-

xhc (stratìsfaira-proc-Gh) twn SD proc touc dèktec tou ED mia nèa mèjodoc suntonismoÔ

parousi�zetai kai analÔetai. H mèjodoc aut  afor� sthn eÔresh apost�sewn diaqwrismoÔ

metaxÔ thc perioq c k�luyhc tou SD kai thc perioq c leitourgÐac tou ED, kai basÐzetai stic

akìloujec paramètrouc:

• Enswm�twsh thc kÐnhshc thc stratosfairik c platfìrmac. Melet¸ntai ta trÐa basik�

montèla kÐnhshc pou up�rqoun sth diejn  bibliografÐa kai epilègetai to bèltisto wc

proc thn prokaloÔmenh st�jmh omodiaulik c parembol c proc ton dèkth tou ED.

• Melèth thc epÐdrashc thc parembol c se ìrouc klasmatik c upob�jmishc thc leitourgÐac

tou paremballìmenou diktÔou, me dedomènh th qronometablht  fÔsh thc sugkekrimènhc
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diadrom c di�doshc parembol c.

• An�lush me prosèggish stadiak� anaptussìmenou SD, susqetÐzontac to posostì an�-

ptuxhc tou SD me ton arijmì twn epÐgeiwn termatik¸n tou SD sthn astik , proastiak 

kai agrotik  perioq  k�luyhc, kaj¸c kai me ton arijmì twn pulaÐwn stajm¸n sthn astik 

kai proastiak  perioq  k�luyhc.

• Qr sh katanom c gwni¸n anÔywshc twn zeÔxewn tou ED, h opoÐa ex�getai apì pragma-

tikì deÐgma 1224 zeÔxewn sthn eurÔterh perioq  thc Attik c.

Me thn uiojèthsh thc proteinìmenhc mejìdou suntonismoÔ, exasfalÐzontai eunoðkìterec sunj -

kec sunÔparxhc metaxÔ twn dÔo diktÔwn, se sqèsh me autèc pou prokÔptoun apì thn up�rqousa

mèjodo thc DiejnoÔc 'Enwshc Thlepikoinwni¸n.

Gia tic parembolèc pou prokaloÔntai apì touc epÐgeiouc stajmoÔc tou SD proc stajmì

tou ED, proteÐnetai èna jewrhtikì montèlo ektÐmhshc thc ajroistik c parembol c me b�sh

to opoÐo melet¸ntai nèec apost�seic suntonismoÔ metaxÔ epÐgeiou dèkth kai tou shmeÐou nadÐr

thc stratosfairik c platfìrmac gia stratosfairikèc platfìrmec pou parèqoun k�luyh sthn

astik  z¸nh. Gia stratosfairikèc platfìrmec pou parèqoun k�luyh sthn proastiak  kai

agrotik  z¸nh, melet�tai h pijanìthta sunÔparxhc twn stajm¸n tou ED kai twn stajm¸n tou

SD, sthn perÐptwsh pou oi pr¸toi anaptÔssontai se tuqaÐec jèseic mèsa sthn proastiak 

perioq , kai mèsa sthn agrotik  perioq  k�luyhc tou SD.

Gia tic parembolèc pou prokaloÔntai metaxÔ tou StratosfairikoÔ DiktÔou kai tou Doru-

forikoÔ DiktÔou, proteÐnetai mia nèa mèjodoc gia thn èwc t¸ra mh prosdiorismènh perÐptwsh

suntonismoÔ metaxÔ twn ekpomp¸n thc �nw zeÔxhc (Gh-proc-stratìsfaira) tou Stratosfairi-

koÔ DiktÔou kai thc �nw zeÔxhc (Gh-proc-di�sthma) tou DoruforikoÔ DiktÔou. H proteinìmenh

mèjodoc basÐzetai sthn ektÐmhsh tou lìgou omodiaulik c parembol c-proc-jermikì jìrubo pou

prokaleÐtai apì tic ekpompèc isqÔoc thc �nw zeÔxhc tou StratosfairikoÔ DiktÔou proc touc

gewstatikoÔc doruforikoÔc dèktec, lamb�nontac upìyh ìti ta dÔo dÐktua leitourgoÔn sthn Ðdia

perioq  k�luyhc. Gia thn epibebaÐwsh twn apotelesm�twn thc jewrhtik c an�lushc, all� kai

gia na ektimhjeÐ h pijanìthta omaloÔc sunÔparxhc metaxÔ twn dÔo susthm�twn se realistikì

perib�llon, pragmatopoi jhkan arketèc prosomoi¸seic se poikÐla perib�llonta parembol¸n

(Astikèc, Hmiastikèc & Agrotikèc perioqèc), me qr sh kat�llhlou logismikoÔ, exeidikeumè-

nou sthn an�lush parembol¸n metaxÔ asÔrmatwn thlepikoinwniak¸n susthm�twn. Par�llhla

proteÐnontai nèa ìria isqÔoc gia touc epÐgeiouc stajmoÔc tou SD. Sth sunèqeia melet�tai h
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st�jmh omodiaulik c parembol c pou prokaleÐtai apì tic ekpompèc isqÔoc thc k�tw zeÔxhc

(stratìsfaira-proc-Gh) tou SD proc touc gewstatikoÔc doruforikoÔc dèktec.

H Didaktorik  Diatrib  eÐnai domhmènh se 5 Kef�laia. To parìn Kef�laio eÐnai eisagw-

gikì, kai sth sunèqei� tou parousi�zontai oi episthmonikèc dhmosieÔseic pou proèkuyan, kai

katagr�fontai oi basikèc ènnoiec kai oi metablhtèc pou qrhsimopoioÔntai.

Sto Kef�laio 2 melet¸ntai kai parousi�zontai analutik� ta thlepikoinwniak� dÐktua me

th qr sh stratosfairik¸n platform¸n: oi tÔpoi stratosfairik¸n platform¸n pou qrhsi-

mopoioÔn, oi sunj kec thc stratìsfairac, oi suqnìthtec leitourgÐac touc, h arqitektonik 

touc, ta teqnik� kai leitourgik� qarakthristik� touc, to perib�llon di�doshc, oi par�metroi

radiok�luyhc, oi efarmogèc kai oi dunatìthtec touc. AnalÔontai epÐshc oi parembolèc pou

epibarÔnoun èna stratosfairikì sÔsthma. 'Emfash dÐnetai sta teqnik� qarakthristik� twn

tupik¸n stratosfairik¸n susthm�twn sthn qiliostometrik  z¸nh (ITU-R).

Sto Kef�laio 3 analÔontai ìlec oi diadromèc di�doshc parembol c metaxÔ tou Strato-

sfairikoÔ DiktÔou kai tou EpÐgeiou DiktÔou, ìpou gÐnetai melèth gia k�je èna apì ta sen�ria

kai tic eidikèc tou paramètrouc. Perigr�fontai oi nèec mèjodoi suntonismoÔ pou proteÐnontai

all� kai autèc pou efarmìzontai diejn¸c gia thn epÐteuxh armonik c sunÔparxhc metaxÔ twn

dÔo susthm�twn, lamb�nontac upìyh ta idiaÐtera qarakthristik� kai tic sunj kec leitourgÐac

tou k�je sust matoc. IdiaÐterh èmfash dÐnetai stic parembolèc pou prokaleÐ to SD, kai sthn

prostasÐa twn stajm¸n tou ED.

To Kef�laio 3 apoteleÐtai apì tèsseric jematikèc enìthtec. To pr¸to mèroc pragmateÔetai

ta eÐdh twn ED pou up�rqoun s mera kai ta teqnik� qarakthristik� twn ED pou leitourgoÔn

sthn qiliostometrik  z¸nh suqnot twn sÔmfwna me thn ITU-R. EpÐshc analÔontai oi stìqoi

diajesimìthtac kai leitourgik¸n laj¸n gia ìla ta eÐdh ED kai h mègisth epitrept  upob�jmish

stouc proanaferìmenouc stìqouc thn opoÐa mporeÐ na deqteÐ èna ED lìgw parembol¸n apì

�lla sust mata pou leitourgoÔn stic Ðdiec suqnìthtec. To deÔtero mèroc afor� stic parembo-

lèc pou prokaloÔntai apì tic ekpompèc isqÔoc thc k�tw zeÔxhc twn SD proc touc dèktec tou

ED. ExhgeÐtai giatÐ ta up�rqonta krit ria den eparkoÔn kai perigr�fetai h nèa proteinìmenh

mèjodoc suntonismoÔ. Parousi�zontai ta apotelèsmata thc melèthc pou pragmatopoi jhke

me b�sh thn proteinìmenh mèjodo, gia ton qarakthrismì thc klasmatik c upob�jmishc thc

leitourgÐac tou ED lìgw parembol¸n apì SD se realistikì perib�llon an�ptuxhc twn dÔo

susthm�twn kai oi apost�seic diaqwrismoÔ pou ex�gontai metaxÔ thc perioq c k�luyhc tou SD

kai thc perioq c leitourgÐac tou ED. To trÐto mèroc afor� stic parembolèc pou prokaloÔntai
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apì tic ekpompèc isqÔoc thc �nw zeÔxhc twn SD proc touc dèktec tou ED. Parousi�zontai

ta up�rqonta krit ria sunÔparxhc, apì ta opoÐa diafaÐnetai ìti h sunÔparxh tou ED kai tou

SD se koin  perioq  kai suqnìthta parousi�zei shmantik  duskolÐa lìgw tou meg�lou oratoÔ

pedÐou thc stratosfairik c platfìrmac. Sth sunèqeia parousi�zetai to jewrhtikì montèlo

ektÐmhshc thc ajroistik c parembol c me b�sh to opoÐo melet¸ntai nèec apost�seic suntoni-

smoÔ, kai parousi�zontai ta apotelèsmata thc melèthc pijan c sunÔparxhc twn stajm¸n tou

ED kai twn stajm¸n tou SD. To tètarto mèroc afor� sta up�rqonta krit ria sunÔparxhc

kai sta apotelèsmata thc arqik c melèthc gia thn prostasÐa tou SD.

Sto Kef�laio 4 analÔontai ìlec oi diadromèc di�doshc parembol c metaxÔ tou Stratosfai-

rikoÔ DiktÔou kai tou DoruforikoÔ DiktÔou, ìpou gÐnetai melèth gia k�je èna apì ta sen�ria

kai tic eidikèc tou paramètrouc. Perigr�fontai oi mèjodoi suntonismoÔ pou proteÐnontai all�

kai autèc pou efarmìzontai diejn¸c gia thn epÐteuxh armonik c sunÔparxhc metaxÔ twn dÔo

susthm�twn, lamb�nontac upìyh ta idiaÐtera qarakthristik� kai tic sunj kec leitourgÐac tou

k�je sust matoc. IdiaÐterh èmfash dÐnetai stic parembolèc pou prokaleÐ to SD, kai sthn

prostasÐa twn stajm¸n tou DD. To Kef�laio 4 apoteleÐtai apì tèsseric jematikèc enìthtec.

To pr¸to mèroc pragmateÔetai ta teqnik� kai leitourgik� qarakthristik� twn DD pou lei-

tourgoÔn sthn qiliostometrik  z¸nh suqnot twn sÔmfwna me thn ITU-R. EpÐshc analÔontai oi

stìqoi diajesimìthtac kai leitourgik¸n laj¸n gia ta DD kai h mègisth epitrept  upob�jmish

stouc proanaferìmenouc stìqouc thn opoÐa mporeÐ na deqteÐ èna DD lìgw parembol¸n apì

�lla sust mata pou leitourgoÔn stic Ðdiec suqnìthtec. To deÔtero mèroc afor� tic parembo-

lèc pou prokaloÔntai apì tic ekpompèc isqÔoc thc �nw zeÔxhc tou SD proc touc gewstatikoÔc

doruforikoÔc dèktec. Parousi�zontai ta up�rqonta krit ria sunÔparxhc, kai proteÐnetai mia

nèa mèjodoc me b�sh thn opoÐa melet¸ntai oi sunj kec sunÔparxhc metaxÔ SD kai DD ìtan

leitourgoÔn sthn Ðdia perioq  k�luyhc, kai ex�gontai nèa ìria isqÔoc gia touc epÐgeiouc staj-

moÔc tou SD. To trÐto mèroc afor� tic parembolèc pou prokaloÔntai apì tic ekpompèc isqÔoc

thc k�tw zeÔxhc tou SD proc touc gewstatikoÔc doruforikoÔc dèktec. Tèloc parousi�zontai

ta up�rqonta krit ria sunÔparxhc kai ta apotelèsmata thc arqik c melèthc gia thn prostasÐa

tou SD apì parembolèc pou prokaleÐ to DD.

H Didaktorik  Diatrib  oloklhr¸netai sto Kef�laio 5 ìpou paratÐjentai ta sumper�smata

kaj¸c kai prot�seic epèktashc thc. SumperaÐnetai pwc h qr sh twn qiliostometrik¸n zwn¸n

suqnot twn apì ta Stratosfairik� DÐktua eÐnai efikt  kai m�lista me eunoðkìterouc ìrouc

se sqèsh me autoÔc pou prokÔptoun apì tic up�rqousec mejìdouc suntonismoÔ.
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1.1 Episthmonikèc DhmosieÔseic

Ta apotelèsmata pou proèkuyan sto plaÐsio thc Didaktorik c Diatrib c èqoun dhmosieuteÐ

sto diejnèc periodikì [A1] kai sta praktik� twn diejn¸n sunedreÐwn [B1-B10], ja dhmosieutoÔn

mèsa sto 2006 sta diejn  periodik� [A2-A3], kai eÐnai upì krÐsh sto diejnèc periodikì [A4].

Epiplèon mèsw thc sugkekrimènhc ergasÐac èqei pragmatopoihjeÐ suneisfor� sta Eurwpaðk�

ereunhtik� progr�mmata Satellite Network of Excellence [G1], kai COST Action 297, High

Altitude Platforms for Communications and Other Services [G2].

A. Diejn  Periodik�

1. Vasilis F. Milas, Prof. Philip Constantinou, “Interference Environment between Hi-

gh Altitude Platform Networks (HAPN) Geostationary (GEO) Satellite and Wireless

Terrestrial Systems”, Wireless Personal Communications, An International Journal,

Kluwer Academic Publishers,Vol. 32, pp. 257-274, February 2005.

2. Vasilis F. Milas, Prof. Philip Constantinou, “A New Methodology for Estimating the

Impact of Co-channel Interference from High-altitude Platforms to Terrestrial Systems”,

Journal of Communications and Networks, accepted for publication. Publication date:

June 2006.

3. Vasilis F. Milas, Prof. Philip Constantinou, “Co-channel Interference between High-

altitude Platforms and Terrestrial Systems”, AIJCT Journal of Information and Com-

munications Technology, accepted for publication.

4. Vasilis F. Milas, Prof. Philip Constantinou, “The Effect of High Altitude Platform Ne-

twork Earth-to-stratosphere Aggregate Interference to GEO Satellite Receivers”, IEEE

Communications Letters, under review.

B. Diejn  Sunèdreia

1. Vasilis F. Milas, Demosthenes Vouyioukas, Prof. Philip Constantinou, “Spectrum Sha-

ring between High Altitude Platform and Fixed Satellite Networks in the 50/40 GHz

band”, Proceedings of the IEEE International Conference on Communications, ICC

2006, 11-15 June 2006, Istanbul, Turkey.
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2. Vasilis F. Milas, Prof. Philip Constantinou, “Simulations of Fractional Degradation in

Performance of Terrestrial Networks due to Interference by High-Altitude Platforms”,

Proceedings of the 11th International Workshop on Computer-Aided Modeling, Analy-

sis and Design of Communication Links and Networks, 8-9 June 2006, Trento, Italy.

3. Vasilis F. Milas,Prof. Philip Constantinou, “A New Approach for Efficient Spectrum

Sharing between High-altitude Platforms and Terrestrial Systems”, Proceedings of the

3rd Advanced Satellite Mobile Systems Conference, ASMS 2006, 29-31 May 2006, Ger-

many.

4. Vasilis F. Milas, Prof. Philip Constantinou, “Co-channel Interference between High-

altitude Platforms and Terrestrial Systems”, Proceedings of the 1st International Con-

ference on Wireless Broadband and Ultra Wideband Communications.,March 13-16

2006. Sydney, Australia.

5. Vasilis Milas, Maria Koletta, Demosthenes Vouyioukas, Demetres Dres, Prof. Philip

Constantinou, “High Altitude Platforms Instability Effect on Co-channel Interference

Levels when Sharing the V band with Terrestrial Services”, Proceedings of the 61st

IEEE Semiannual Vehicular Technology Conference May 30 - June 1,2005, Sweden.

6. Anggorro Widiawan, Rahim Tafazolli, Barry Evans, Vasilis Milas, Philip Constantinou,

“Coexistence of High Altitude Platform Station, Satellite, and Terrestrial Systems for

Fixed and Mobile Services”, Proceedings of the First International Workshop on High

Altitude Platform Systems, September 5, 2005, Athens, Greece.

7. Vasilis Milas, Maria Koletta, Prof. Philip Constantinou, “Interference Simulations

between High Altitude Platform Stations (HAPS) and Fixed Wireless Access (FWA)

Systems”, IST Mobile and Wireless Communications Summit 27-30 June 2004 - Lyon,

France

8. Vasilis Milas, Ioannis Ganas, Maria Koletta, Prof. Philip Constantinou, “Compatibi-

lity Analysis of High Altitude Platform Stations and Fixed Wireless Access Systems”,

Proceedings of the 22nd AIAA International Communications Satellite Systems Confe-

rence and Exhibit 2004, Monterey, California, 9-12 May 2004.

9. Vasilis Milas, Maria Koletta, Philip Constantinou, “Interference and Compatibility Stu-

dies between Satellite Service Systems and Systems using High Altitude Platform Sta-

tions”, Proceedings of the First International Conference on Advanced Satellite Mobile

Systems, ASMS 2003, 10-11 July 2003, ESRIN, Frascati, Italy.
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10. Vasilis Milas, Maria Koletta, Prof. Philip Constantinou, “Interference Analysis between

Fixed Satellite Service Systems and Fixed Service using High Altitude Platform Stations

in the V-band”, Proceedings of the International Workshop on COST actions 272 and

280, Satellite Communications, 26-28 May 2003 ESTEC, Noordwijk, The Netherlands

G. Eurwpaðk� Ereunhtik� Progr�mmata

1. “Interference Studies for High Altitude Platform Station (HAPS) Systems providing

Fixed and Mobile Communication Services”, Section 1.8 of IST-507052 SatNEx D3,

System Studies JER Report

2. “Methodology for Estimating the Impact of Co-channel Interference from High Altitude

Platforms to Terrestrial Systems”, Vasilis F. Milas, Prof. Philip Constantinou, Action

Document for COST 297 HAPCOS, WG 1, April 2006.
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1.2 OrologÐa kai Metablhtèc

1. SuntomeÔseic 2

ATPC : Autìmatoc 'Elegqoc IsqÔoc Ekpomp c

AWGN : Prosjetikìc Leukìc Jìruboc

BEP : Pijanìthta Leitourgik¸n Laj¸n

EIRP : IsodÔnamh Isotropik� AktinoboloÔmenh IsqÔc

FM : Perij¸rio Exasjènhshc

FS : EpÐgeio DÐktuo (ED)

FSS : Doruforikì DÐktuo (DD)

FWA : Stajer  AsÔrmath Prìsbash

GEO : Dorufìroc GewsÔgqronhc Troqi�c

HAPS : Stratosfairik  Platfìrma

HAPN : Stratosfairikì DÐktuo (SD)

HAPGW : EpÐgeioc PulaÐoc Stajmìc SD

HAPUT : EpÐgeioc Termatikìc Stajmìc SD

HALE : Platfìrma Meg�lhc Di�rkeiac

HALO : Stratosfairikì Epandrwmèno Aerosk�foc

HCDR : Meg�lhc Qwrhtikìthtac Rujmìc Dedomènwn

HRC : Upojetikì Analogikì KÔklwma Anafor�c

HRDP : Upojetik  Yhfiak  Diadrom  Anafor�c

ITU-R : Diejn c 'Enwsh Thlepikoinwni¸n-Tomèac Radioepikoinwni¸n

ITU-T : Diejn c 'Enwsh Thlepikoinwni¸n-Tomèac TupopoÐhshc

IMT-2000 : Kuyelwtì DÐktuo 3hc Geni�c

MTBF : Mèsoc Qrìnoc MetaxÔ Apotuqi¸n

MTTR : Mèsoc Qrìnoc Apokat�stashc thc ApotuqÐac

NFM : Kajarì Perij¸rio Exasjènhshc

NIB : LeitourgÐa se Kajest¸c Mh-Parembol c

PDTN : Dhmìsio Thlepikoinwniakì DÐktuo Dedomènwn

PSTN : Dhmìsio Thlefwnikì DÐktuo Metagwg c

RAC : Agrotik  Perioq  K�luyhc

RF : Radiosuqnìthta

SAC : Proastiak  Perioq  K�luyhc

UAC : Astik  Perioq  K�luyhc
2H qr sh xenìglwsswn ìrwn sth diatrib  èqei perioristeÐ sto el�qisto. Oi agglikèc suntomeÔseic para-

tÐjentai gia ton anagn¸sth pou ja anatrèxei sth bibliografÐa.

BasÐlhc F. M lac - Didaktorik  Diatrib  9



Kef�laio 1.

2. Metablhtèc

(C/N)min req : El�qistoc Shmatojorubikìc Lìgoc ston Dèkth

FDP : Klasmatik  Upob�jmish LeitourgÐac

I/N : Lìgoc Parembol c-proc-Jermikì Jìrubo

C/I : Shmatoparembolikìc Lìgoc

C/(N + I) : Lìgoc S matoc-proc-Parembol -kai-Jìrubo

C/N : Shmatojorubikìc Lìgoc

Pr(p1) : Mègisth tim  thc Parembol c h opoÐa den prèpei na

uperbaÐnetai gia perissìtero apì p1% tou qrìnou

ESR : Lìgoc Lanjasmènwn Deuterolèptwn

SESR : Lìgoc Exairetik� Lanjasmènwn Deuterolèptwn

3. Koinèc Z¸nec Suqnot twn

PÐnakac 1.1: Z¸nec Suqnot twn

Z¸nh Suqnot twn Qamhlìterh Z¸nh Uyhlìterh Z¸nh
GHz GHz

UHF 0.3 1
L 1 2
S 2 4
C 4 8
X 8 12
Ku 12 18
K 18 27
Ka 27 40
V 40 75
W 75 110
Mm 110 300

10 BasÐlhc F. M lac - Didaktorik  Diatrib 



Kef�laio 1.

4. OrismoÐ kai Basikèc 'Ennoiec

• Parembol : H epÐdrash mh epijumht c enèrgeiac lìgw mÐac   kai sunduasmoÔ ekpom-

p¸n, aktinoboli¸n sth l yh enìc sust matoc radioepikoinwni¸n h opoÐa ekdhl¸netai wc

upob�jmish thc leitourgÐac tou sust matoc,   wc ap¸leia plhroforÐac pou ja mporoÔse

na exaqjeÐ elleÐyei thc mh epijumht c aut c enèrgeiac.

• Epitrept  Parembol : ParathroÔmenh   problepìmenh parembol  h opoÐa summorf¸-

netai me ta posotik� krit ria parembol¸n kai sunÔparxhc, kajorismèna stouc radioka-

nonismoÔc (Radio Regulations)   stic sust�seic (Recommendations) thc ITU-R.

• Apodekt  Parembol : Parembol  se megalÔtera epÐpeda (uyhlìterh st�jmh) apì

aut  pou èqei kajoristeÐ wc epitrept , kai h opoÐa èqei sumfwnhjeÐ metaxÔ dÔo   peris-

sotèrwn diaqeirist¸n susthm�twn.

• Epitrept  Upob�jmish LeitourgÐac: Upob�jmish met� apì sumfwnÐa sth leitourgÐa

enìc sust matoc radioepikoinwni¸n lìgw parembol c h opoÐa brÐsketai se qamhl  st�jmh

ètsi ¸ste h prokaloÔmenh upob�jmish na eÐnai se k�poia ìria, kai pou sun jwc metr�tai

se posostì qrìnou   pijanìthtac diakop c.

• Krit ria (ProstasÐac) Parembol¸n: Sqetik    apìluth st�jmh s matoc parembo-

l c kajorismènh sthn eÐsodo tou dèkth, upì sugkekrimènec sunj kec, tètoia ¸ste na mhn

gÐnetai upèrbash thc epitrept c upob�jmishc thc leitourgÐac. Sun jwc orÐzetai wc apì-

luth tim  st�jmhc isqÔoc parembol c I, lìgou parembol c-proc-jìrubo I/N ,   lìgou

epijumhtoÔ s matoc-proc-s ma parembol c C/I.

• Krit ria SunÔparxhc: Apodekt� krit ria pou egguoÔtai thn summìrfwsh me ta krit -

ria parembol¸n, me ton kajorismì teqnik¸n kai leitourgik¸n periorism¸n pou epitrèpoun

thn sunÔparxh dÔo   perissotèrwn susthm�twn radioepikoinwni¸n se sugkekrimènec z¸-

nec tou f�smatoc radiosuqnot twn.

• Apìstash SuntonismoÔ: H apìstash se sugkekrimènh azimoujiak  gwnÐa apì epÐgeio

stajmì pou moir�zetai thn Ðdia z¸nh suqnot twn me �llouc epÐgeiouc stajmoÔc, pèra apì

thn opoÐa den ja gÐnetai upèrbash thc st�jmhc epitrept c parembol c kai wc ek toÔtou

den ja apaiteÐtai suntonismìc.

BasÐlhc F. M lac - Didaktorik  Diatrib  11



Kef�laio 1.

BibliografÐa

[1] D. Grace, J.Thorton, G. Chen, G. White T. Tozer, “Improving the System Capacity of

Broadband Services Using Multiple High-Altitude Platforms”, IEEE Trans. on Wireless

Communications, vol. 4, no.2, pp. 700-709, March 2005.

[2] D. Grace, N. E. Daly, T. C. Tozer, A. G. Burr and D. A. J. Pearce, “Providing multimedia

communications services from high altitude platforms”, International Journal of Satellite

Communications, Wiley InterScience, vol. 19, no. 6, pp. 559-580, November/December

2001.

[3] G. M. Djuknic, J. Freidenfelds, and Y. Okunev, “Establishing Wireless Communica-

tions Services via High-Altitude Aeronautical Platforms: A Concept Whose Time Has

Come?”, IEEE Communications Magazine, vol. 35, no. 9, pp. 128-135, Sept. 1997.

[4] http://www.capanina.org (CAPANINA Project 2003-2006).

[5] http://www.helinet.polito.it (HeliNet Project 2000-2003).

[6] R. Miura, M.Suzuki, “Preliminary Flight Test Program on Telecom and Broadcasting

Using High Altitude Platform Stations”, Wireless Personal Communications,An Inter-

national Journal, Kluwer Academic Publishers,vol.24, no.2, pp. 341-361, Jan. 2003.

[7] http://www.hapcos.org (COST Action 297 - High Altitude Platforms for Communica-

tions and Other Services 2004-2008).

12 BasÐlhc F. M lac - Didaktorik  Diatrib 



Kef�laio 2

Thlepikoinwniak� DÐktua me th

qr sh Stratosfairik¸n

Platform¸n

2.1 Eisagwg 

Sto pr¸to kef�laio suzht jhke to prìblhma pou prokÔptei apì thn sunÔparxh twn Stra-

tosfairik¸n DiktÔwn (SD) me ta  dh up�rqonta sthn qiliostometrik  z¸nh suqnot twn

EpÐgeia DÐktua kai Doruforik� DÐktua, ta opoÐa èqoun prwteÔousa an�jesh. Sto parìn ke-

f�laio dÐnetai barÔthta sthn melèth kai analutik  parousÐash twn nèwn qarakthristik¸n twn

thlepikoinwniak¸n diktÔwn me th qr sh stratosfairik¸n platform¸n.

Oi stratosfairikèc platfìrmec prot�jhkan to 1997 sto Pagkìsmio Sunèdreio Thlepikoi-

nwni¸n (WRC-03) thc DiejnoÔc 'Enwshc Thlepikoinwni¸n [37] gia thn paroq  euruzwnik¸n

uphresi¸n. H teqnologÐa sthn opoÐa basÐzontai, èqei thn onomasÐa, platfìrma meg�lou uyo-

mètrou - HAPS [12]   alli¸c stratosfairik  platfìrma. H onomasÐa HAPS, h opoÐa ja

uiojethjeÐ kai sthn paroÔsa diatrib  gia ton stratosfairikì stajmì, proèrqetai apì tic lè-

xeic High Altitude Platform Station, en¸ sunant¸ntai arket� suqn� kai oi ìroi HALE (High

Altitude Long Endurance), SPR (Stratospheric Platform Radio), kai HALO (High Altitude

Long Operation) gia na perigr�youn tic platfìrmec, oi opoÐec mporoÔn na sthjoÔn kai na

leitourg soun se arket� meg�la Ôyh metaxÔ 20 kai 50 Km [12] (sÔmfwna me thn Diejn  'Enw-

13



Kef�laio 2.

sh Thlepikoinwni¸n, ITU),   metaxÔ 15 kai 30 Km [16] (sÔmfwna me ta e¸c t¸ra ereunhtik�

apotelèsmata) p�nw apì thn epif�neia thc Ghc, mèsa apì to str¸ma thc stratìsfairac gia me-

g�la qronik� diast mata. To di�sthma paramon c touc sthn stratìsfaira exart�tai apì ton

tÔpo thc platfìrmac. Oi up�rqousec stratosfairikèc platfìrmec sthn diejn  bibliografÐa

parousi�zontai sthn §2.2

Stic epìmenec enìthtec katagr�fontai analutik� oi z¸nec suqnot twn stic opoÐec mpo-

roÔn na leitourg soun kaj¸c kai oi uphresÐec pou mporoÔn na prosfèroun ta Stratosfairik�

DÐktua. En suneqeÐa analÔontai oi sunj kec pou epikratoÔn sthn stratìsfaira, melet¸n-

tai h gewmetrÐa kai h epif�neia k�luyhc apì stratosfairik  platfìrma, kai katagr�fetai h

up�rqousa èreuna ìson afor� tic prodiagrafèc twn kerai¸n kai tic arqitektonikèc twn de-

sm¸n khlÐdac gia stajmoÔc tou StratosfairikoÔ DiktÔou. Tèloc èna polÔ shmantikì komm�ti

tou deutèrou kefalaÐou afier¸netai sthn melèth kai katagraf  twn teqnik¸n kai leitourgi-

k¸n qarakthristik¸n tupik¸n SD sthn V z¸nh suqnot twn ìpou esti�zetai h sugkekrimènh

Didaktorik  Diatrib . Tèloc melet¸ntai oi dunatìthtec twn susthm�twn me th qr sh stra-

tosfairik¸n platform¸n.

2.1.1 Istorik  Anadrom 

H istorÐa twn stratosfairik¸n platform¸n xekin�ei apì ton 18o ai¸na kai ft�nei e¸c s mera

me ta hliak� trofodotoÔmena aerìploia.

Ton 18o ai¸na, emfanÐzetai to pr¸to aerìploio kai to 1783 pragmatopoieÐtai h pr¸th

pt sh.

Ton 19o ai¸na pragmatopoieÐtai h pr¸th pt sh aerìploiou me kinht ra, Zeppelin LZ1

(1900). GÔrw sto 1930 kataskeu�zetai aerìploio me  lio (mh-eÔflekto).

To 1980 emporeumatopoioÔntai ta aerìploia se Ôyh ewc ta 3 Km.

To 1990 anaptÔssontai oi pr¸tec hliak� trofodotoÔmenec platfìrmec.

Gia thlepikoinwniakèc efarmogèc h istorÐa twn stratosfairik¸n platform¸n xekin�ei me tic

anametadìseic mèsw tou gigantiaÐou mpalonioÔ Echo (ergast ria Bell) to 1960 [4] kai ft�nei

mèqri s mera me tic peiramatikèc metadìseic yhfiak c thleìrashc kai thlefwnÐac mèsw tou

Helios - NASA [16].
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2.2 TÔpoi Stratosfairik¸n Platform¸n

Ta teleutaÐa qrìnia oi stratosfairikèc platfìrmec pou fèrontai wc upoy fiec gia thn paroq 

thlepikoinwniak¸n uphresi¸n ja mporoÔsan na kathgoriopoihjoÔn wc ex c:

1. mh epandrwmèna aerìploia me eidik� sust mata pro¸jhshc kai hliakèc kuyèlec. Ta

aerìploia aut� anamènetai na èqoun m koc 100-200 m me wfèlimo fortÐo gÔrw sta 1000-

2000 Kg (Sq ma 2.1). Stìqoc touc eÐnai na mporoÔn na mènoun se leitourgÐa sthn

stratìsfaira gia qronik  perÐodo mèqri kai 5 qrìnia.

Sq ma 2.1: Mh epandrwmèna stratosfairik� aerìploia

2. hliak� trofodotoÔmena mh epandrwmèna aerosk�fh, gnwst� wc High Altitude Long

Endurance Platforms (HALE Platforms), me �noigma fter¸n e¸c kai 70 m kai wfèlimo

fortÐo metaxÔ 50-300 Kg (Sq ma 2.2). Stìqoc touc eÐnai na mporoÔn na mènoun se

leitourgÐa sthn stratìsfaira gia qronik  perÐodo mèqri kai 6 m nec.

3. epandrwmèna aerosk�fh (Sq ma 2.3 ), ta opoÐa èqoun mikrì qrìno paramon c (perÐpou

8 ¸rec) sthn stratìsfaira lìgw twn periorismènwn kausÐmwn, me wfèlimo fortÐo gÔrw

sta 900 Kg, kai thn an�gkh enìc stìlou 3 aeroskaf¸n gia 24wrh k�luyh.

Ston PÐnaka 2.1 parousi�zontai sugkentrwtik� ta diaforetik� qarakthristik� twn strato-

sfairik¸n platform¸n.
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Sq ma 2.2: Mh epandrwmèna stratosfairik� aerosk�fh

Sq ma 2.3: epandrwmèna stratosfairik� aerosk�fh

PÐnakac 2.1: SÔgkrish twn 3 diaforetik¸n tÔpwn stratosfairik c platfìrmac

Mègejoc Mh Epandrwmèna Hliak� TrofodotoÔmena Epandrwmèna

Aerìploia Mh Epandrwmèna Aerosk�fh

Aerosk�fh

Di�stash M koc 150-200 m 'Anoigma 35-70 m M koc e¸c 30 m

Phg  IsqÔoc Hliakèc Kuyèlec Hliakèc Kuyèlec Fusikì KaÔsimo

Kuyèlec KausÐmwn Kuyèlec KausÐmwn

Filik� proc to nai nai ìqi

perib�llon

Di�rkeia pt shc e¸c 5 qrìnia e¸c 6 m nec 4-8 ¸rec

Wfèlimo FortÐo 1000-2000 Kg 50-300 Kg e¸c 2000Kg

IsqÔc ekpomp c e¸c 10 kW e¸c 3 kW e¸c 40 kW

ParadeÐgmata IapwnÐa, Korèa, KÐna Helios, Pathfinder Plus HALO

ATG, Lockheed Martin (AeroVironment) (Angel Techn.)

SkyStation Heliplat M-55 (Geoscan)
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2.2.1 Stratìsfaira

To uyìmetro leitourgÐac thc nèac teqnologÐac twn stratosfairik¸n platform¸n orÐzetai apì

thn ITU-R metaxÔ twn 20-50 Km p�nw apì thn epif�neia thc ghc [12]. Se aut� ta Ôyh

sunant�me thn stratìsfaira, èna apì ta str¸mata thc atmìsfairac thc Ghc pou brÐsketai p�nw

apì thn tropìsfaira. H stratìsfaira xekin�ei apì Ôyh 6 Km stouc pìlouc thc Ghc, kai apì

17 Km p�nw apì ton Ishmerinì kai ekteÐnetai wc kai ta 50 Km p�nw apì thn epif�neia thc Ghc.

Sthn stratìsfaira eÐnai sugkentrwmèno to megalÔtero posostì tou ìzontoc, pou proful�ssei

thn Gh apì tic uperi¸deic aktÐnec tou HlÐou. H jermokrasÐa sthn stratìsfaira kumaÐnetai

apì -2 ◦C, sta kat¸tera epÐpeda thc, èwc kai -55 ◦C sto an¸tero ìrio thc, pou brÐsketai h

stratìpaush (50 Km) ìpou h pÐesh mporeÐ na ft�sei kai to 1 hPa. Met� thn stratìsfaira

akoloujeÐ to str¸ma thc mesìsfairac, h opoÐa ft�nei mèqri ta 90 Km me timèc pÐeshc e¸c

kai 0.001 hPa. AkoloujeÐ h jermìsfaira pou ft�nei mèqri ta 300 Km, kai h ex¸sfaira pou

apoteleÐ thn metabatik  z¸nh metaxÔ thc g inhc atmìsfairac kai tou diast matoc.

H epilog  tou stratosfairikoÔ str¸matoc gia thn leitourgÐa tou nèou sust matoc kai to

auxhmèno endiafèron thc pleioyhfÐac twn ereunht¸n sta Ôyh apì ta 15 Km e¸c kai ta 30 Km

[2], [16], [32] gia thn leitourgÐa twn HAPS ègine me b�sh to gegonìc ìti to profÐl twn anèmwn

se aut� ta Ôyh eÐnai arket�  pio, kai ìti ìso pio yhl� se sqèsh me thn epif�neia thc ghc,

brÐsketai ènac stajmìc, tìso pio kalèc sunj kec optik c epaf c epitugq�nontai metaxÔ tou

pompoÔ kai tou dèkth. H enaèria kukloforÐa twn aeropl�nwn gÐnetai mèqri ta 11-12 Km, opìte

den up�rqei prìblhma me thn enaèria kukloforÐa par� mìno kat� thn diadikasÐa topojèthshc

twn platform¸n sta proteinìmena Ôyh leitourgÐac

Oi �nemoi pou epikratoÔn sthn stratìsfaira eÐnai metaballìmenoi, exart¸ntai apì to gew-

grafikì pl�toc kai all�zoun kateÔjunsh 2 forèc to qrìno. Endeiktik� h taqÔthta twn stra-

tosfairik¸n anèmwn ston ishmerinì eÐnai thc t�xhc twn 18 Km/h en¸ stouc pìlouc h antÐstoiqh

taqÔthta eÐnai thc t�xhc twn 200 Km/h [7]. Perissìtera stoiqeÐa kai metr seic sqetik� me thn

sumperifor� twn stratosfairik¸n anèmwn parousi�zontai sthn anafor� [18]. 'Enac apì touc

par�gontec pou apotrèpei touc ereunhtèc sthn qrhsimopoÐhsh twn uyomètrwn metaxÔ 30 kai 50

Km eÐnai h puknìthta tou aèra. 'Oso megal¸nei to uyìmetro tìso mei¸netai h puknìthta tou

aèra kajist¸ntac thn topojèthsh thc platfìrmac arket� dÔskolh. Gia par�deigma se uyìme-

tro 12 Km (mègisto uyìmetro pt shc aeropl�nwn) h puknìthta eÐnai to 25% se sÔgkrish me

aut  sto epÐpedo thc j�lassac, en¸ sta 24 Km eÐnai mìno to 3.6%.
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2.3 Par�metroi Radiok�luyhc apì Stratosfairik  Platfìr-

ma

Sta Sq mata 2.4, 2.5, 2.6 èqei gÐnei upologismìc ìson afor� thn aktÐna radiok�luyhc kai

thn epif�neia radiok�luyhc endeiktik� apì platfìrma topojethmènh apì ta 17 Km e¸c ta

25 Km an� 2 Km gia ìlo to eÔroc gwni¸n (5 moÐrec-90 moÐrec) enìc epÐgeiou termatikoÔ

qr sth tou sust matoc. Endeiktik� gia gwnÐa anÔywshc 15 moir¸n, pou eÐnai kai h pio pijan 

el�qisth gwnÐa anÔywshc me thn opoÐa ja leitourg sei to sÔsthma1, parathreÐ kaneÐc oti

mia stratosfairik  platfìrma sta 25 Km mporeÐ na kalÔyei èna kÔklo aktÐnac 91 Km kai

mia epif�neia 25754 Km2. Mia epif�neia arket� shmantik  an skefteÐ kaneÐc ìti h sunolik 

èktash thc Ell�dac eÐnai 131900 Km2.
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Sq ma 2.4: AktÐna k�luyhc thc platfìrmac

H el�qisth gwnÐa anÔywshc kajorÐzei thn perioq  k�luyhc kai paroq c uphresi¸n stouc

epÐgeiouc qr stec apì mia stratosfairik  platfìrma. E�n uiojethjeÐ h el�qisth pijan  gwnÐa

anÔywshc, tìte epitugq�netai h megalÔterh perioq  k�luyhc. Wstìso aux�nontai oi ap¸leiec

eleujèrou q¸rou kai oi ap¸leiec lìgw broq c kaj¸c megal¸nei to m koc thc radiozeÔxhc

1gia gwnÐec mikrìterec apì aut n parathroÔntai shmantikèc ap¸leiec lìgw empodÐwn, uyhl¸n atmosfairi-
k¸n aposbèsewn (megalÔterh radiozeÔxh), kai lìgw shmantik c aÔxhshc tou jorÔbou thc keraÐac
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kai ètsi apaiteÐtai megalÔterh aktinoboloÔmenh isqÔc gia na kalÔyei to auxhmèno perij¸rio

exasjènhshc. Mia tupik  tim  el�qisthc gwnÐac anÔywshc gia stratosfairik� sust mata

ja mporoÔse na eÐnai oi 10-20 moÐrec an�loga me th suqnìthta leitourgÐac tou sust matoc.

LeitourgÐa me mikrìterec gwnÐec ja dhmiourgoÔse akìma duskolìterec sunj kec sunÔparxhc

me tic �llec uphresÐec (doruforikèc, stajerèc, radioastronomÐac). Epiprìsjeta ski�seic apì

ktÐria kai boun� ja upobÐbazan thn diajesimìthta tou sust matoc se astikèc kai agrotikèc

perioqèc.
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Sq ma 2.5: Epif�neia K�luyhc thc platfìrmac apì 5 e¸c 45 moÐrec

GwnÐec anÔywshc mikrìterec twn 10 moir¸n ja mporoÔsan na qrhsimopoihjoÔn me tic ex c

proôpojèseic [32]:

1. h isodÔnamh isotropik� aktinoboloÔmenh isqÔc sthn �nw kai thn k�tw zeÔxh na diath-

roÔntai stajerèc gia gwnÐec anÔywshc megalÔterec thc el�qisthc,

2. oi el�qistec gwnÐec na kajorÐzontai kai apì tic sunj kec sunÔparxhc me tic �llec uph-

resÐec,

3. na gÐnetai qr sh thc teqnik c tou autìmatou elègqou isqÔoc.

MegalÔterec el�qistec gwnÐec anÔywshc (p.q 40 moÐrec) ja mporoÔsan na uiojethjoÔn

BasÐlhc F. M lac - Didaktorik  Diatrib  19



Kef�laio 2.

50 55 60 65 70 75 80 85 90
0

200

400

600

800

1000

1200

1400

Elevation Angle (degrees)

S
ur

fa
ce

 C
ov

er
ag

e 
(K

m
2 )

17 Km
19 Km
21 Km
23 Km 
25 Km

Sq ma 2.6: Epif�neia K�luyhc thc platfìrmac apì 50 e¸c 90 moÐrec

gia thn elaqistopoÐhsh thc parembol c proc/apì �llec uphresÐec all� kai gia thn apofug 

empodÐwn sthn radiozeÔxh. 'Oso megalÔterh h el�qisth gwnÐa anÔywshc tìso megalÔteroc o

arijmìc twn stratosfairik¸n platform¸n pou apaitoÔntai gia thn k�luyh thc Ðdiac perioq c

sto èdafoc.

H orat  apìstash D (Km) apì stratosfairik  platfìrma, sthn epif�neia thc Ghc upo-

logÐzetai me b�sh to akìloujo olokl rwma [13]:

D(h) =

h∫

0

r

r + x

dx

tanϕ
(2.3.1)

ìpou:

r: h aktÐna thc Ghc (6370 Km)

h: to uyìmetro thc platfìrmac (Km)

ϕ: h gwnÐa anÔywshc thc diadrom c di�doshc
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H gwnÐa ϕ upologÐzetai sÔmfwna me thn akìloujh sqèsh:

cosϕ =
r · n(0)

(r + x) · n(x)
(2.3.2)

ìpou n(x) o deÐkthc atmosfairik c di�jlashc se uyìmetro x (Km).

H orat  apìstash D(h) epomènwc exart�tai se shmantikì bajmì apì ton deÐkth atmosfai-

rik c di�jlashc. Epilègetai h akìloujh sun�rthsh gia ton deÐkth n(x) me b�sh to montèlo

thc ITU-R SF.765:

n(x) = 1 + a · exp(−bx) (2.3.3)

ìpou:

a = 10−6 ·N0

b = ln(N0/(N0 + ∆N))

N0 = 400

∆N = −68

Ston PÐnaka 2.2 èqei upologisteÐ h orat  apìstash se Km apì stratosfairik  platfìrma

an�loga me to uyìmetro thc.

PÐnakac 2.2: Orat  Apìstash apì Stratosfairik  Platfìrma

Uyìmetro Platfìrmac (Km) Orat  Apìstash (Km)

20 613.1

25 676.1

30 732.4

35 783.7

40 831.1

45 875.4

50 917.1
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2.4 Z¸nec Suqnot twn gia paroq  Uphresi¸n apì Strato-

sfairik� DÐktua

H Diejn c 'Enwsh Thlepikoinwni¸n kai oi an� ton kìsmo ejnikèc thlepikoinwniakèc arqèc met�

apì exètash thc teqnologÐac twn susthm�twn me th qr sh stratosfairik¸n platform¸n, thn

katètaxan stic uyhl c puknìthtac stajerèc uphresÐec (high density fixed service) kai me to

pèrac tou Pagkìsmiou SunedreÐou Thlepikoinwni¸n tou 2003 (WRC-03), oi suqnìthtec pou

oristikopoi jhkan gia ta sust mata HAPS eÐnai stic z¸nec suqnot twn twn 2.1 GHz, twn

31/28 GHz kai twn 48/47 GHz.

Ston PÐnaka 2.3 parousi�zontai sugkentrwtik� oi z¸nec suqnot twn stic opoÐec mporoÔn

na parèqoun stajerèc kai kinhtèc uphresÐec ta stratosfairik� sust mata an� perioq . O

trìpoc an�jeshc suqnot twn kai oi perioqèc thc DiejnoÔc 'Enwshc Thlepikoinwni¸n epexh-

goÔntai analutik� sto Par�rthma Aþ. H Ell�da kai oi upìloipec q¸rec thc Eur¸phc an koun

sthn perioq  1. IdiaÐterh shmasÐa dÐnetai sto gegonìc oti h an�ptuxh susthm�twn me th qr sh

stratosfairik¸n platform¸n se mia q¸ra mporeÐ na ephre�zei diaqeiristèc susthm�twn se

geitonikèc q¸rec, kai idiaÐtera ìtan prìkeitai gia mikrèc q¸rec. Autì exhgeÐtai apì thn jèsh

thc stratosfairik c platfìrmac, apì thn opoÐa h orat  perioq  mporeÐ na perilamb�nei kai

�llec geitonikèc q¸rec.

'Opwc faÐnetai kai ston PÐnaka 2.3, to nèo autì thlepikoinwniakì sÔsthma mporeÐ na parè-

qei stajerèc uphresÐec stic Ka, V z¸nec suqnot twn. Sthn V z¸nh suqnot twn èqei anatejeÐ

f�sma 300 MHz se k�je kateÔjunsh, anajesh h opoÐa eÐnai basismènh se arqèc mh-epiblaboÔc

parembol c2 gia stajerèc euruzwnikèc uphresÐec (dedomèna/fwn /video) kaj¸c kai gia uphre-

sÐec thlemetrÐac kai elègqou thc platfìrmac. H an�jesh eÐnai stic suqnìthtec 47.2-47.5 GHz

kai 47.9-48.2 GHz gia ìlec tic q¸rec. Stic suqnìthtec autèc prwteÔousa an�jesh èqoun oi

epÐgeiec stajerèc uphresÐec, kai oi stajerèc doruforikèc uphresÐec. H an�jesh basÐzetai sthn

anakoÐnwsh 122 thc DiejnoÔc 'Enwshc Thlepikoinwni¸n [37]. Ta kÔria shmeÐa pou tonÐzontai

sthn anakoÐnwsh aut  thc DiejnoÔc 'Enwshc Thlepikoinwni¸n eÐnai ta ex c:

1. sust mata basismèna se stratosfairikèc platfìrmec brÐskontai se an�ptuxh se arketèc

q¸rec kai  dh èqoun anakoinwjeÐ tètoia sust mata sthn ITU-R stic z¸nec 47.2-47.5 GHz

kai 47.9-48.2 GHz,

2den prèpei na prokaloÔntai parembolèc p�nw apì ta epitrept� ìria stic prwteÔousec uphresÐec
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2. ta qarakthristik� susthm�twn me th qr sh stratosfairik¸n platform¸n gia paroq 

stajer¸n uphresi¸n perigr�fontai sthn anafor� [24],

3. h peraitèrw melèth parembol¸n (diaforetik� leitourgik� sen�ria kai nèec teqnikèc meÐ-

wshc twn parembol¸n) metaxÔ susthm�twn me th qr sh stratosfairik¸n platform¸n,

gewstatik¸n doruforik¸n kai epÐgeiwn susthm�twn krÐnetai anagkaÐa,

4. h melèth periorism¸n isqÔoc gia touc epÐgeiouc stajmoÔc pou na epitrèpei thn omal 

sunÔparxh touc me touc doruforikoÔc dèktec eÐnai prwteÔousac shmasÐac.

IdiaÐtero endiafèron parousi�zei h an�jesh stic radiosuqnìthtec gÔrw apì ta 30 GHz pou

perilamb�nei to eÔroc twn 27.5-28.35 GHz gia thn leitourgÐa thc zeÔxhc stratìsfaira-proc-Gh,

kai 31.0-31.3 GHz gia thn leitourgÐa thc zeÔxhc Gh-proc-stratìsfaira. H an�jesh aut  èqei

gÐnei gia 40 q¸rec pagkosmÐwc, kurÐwc thc perioq c 3, all� up�rqei z thsh qr shc aut c thc

an�jeshc kai apì �llec q¸rec. H an�jesh aut  basÐzetai sthn anakoÐnwsh 145 thc DiejnoÔc

'Enwshc Thlepikoinwni¸n [21]. Proc to parìn h qr sh twn suqnot twn 27.5-28.35 GHz gia thn

leitourgÐa thc zeÔxhc stratìsfaira-proc-Gh, èqei ton periorismì tou eÔrouc z¸nhc leitourgÐac

twn 300 MHz.

PÐnakac 2.3: An�jesh Suqnot twn gia ta DÐktua me th qr sh Stratosfairik¸n Platform¸n

Z¸nh Perioqèc KateÔjunsh UphresÐec UphresÐec pou

Suqnot twn ZeÔxhc moir�zetai to f�sma

47.9-48.2 GHz Pagkìsmia 'Anw kai k�tw Stajerèc Stajerèc, Kinhtèc

47.2-47.5 GHz zeÔxeic Stajerèc Doruforikèc

31.0-31.3 GHz 40 q¸rec pagkosmÐwc 'Anw zeÔxh Stajerèc Stajerèc, Kinhtèc

(AsÐa, Afrik , Perioq  2) Diast matoc

27.5-28.35 GHz 40 q¸rec pagkosmÐwc K�tw ZeÔxh Stajerèc Stajerèc, Kinhtèc

(AsÐa, Afrik , Perioq  2) Stajerèc Doruforikèc

1885-1980 GHz Perioq  1 kai 3 'Anw kai k�tw IMT-2000 Stajerèc, Kinhtèc

2010-2025 GHz zeÔxeic IMT-2000, PCS

2110-2160 GHz

1885-1980 GHz Perioq  2 'Anw kai k�tw IMT-2000 Stajerèc, Kinhtèc

2110-2160 GHz zeÔxeic IMT-2000, PCS

Ta sust mata me th qr sh stratosfairik¸n platform¸n, mporoÔn na parèqoun pèra apì

tic uphresÐec se stajeroÔc qr stec, kai kinhtèc uphresÐec. Sthn z¸nh suqnot twn gÔrw apì

ta 2.1 GHz èqei anatejeÐ sunolikì eÔroc 50/60 MHz san enallaktik  lÔsh twn stajm¸n
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b�shc kinht c thlefwnÐac. H an�jesh eÐnai pagkìsmia me mikrèc diaforèc stic suqnìthtec

leitourgÐac an� perioq . Oi suqnìthtec eÐnai sta 1885-1980 MHz, 2010-2025 MHz kai 2110-

2170 MHz gia tic perioqèc 1 kai 3 kai sta 1885-1980 MHz kai 2110-2160 MHz gia thn perioq 

2. H an�jesh den eÐnai apokleistik  oÔte èqei proteraiìthta ènanti se �llec uphresÐec pou

qrhsimopoioÔn tic Ðdiec suqnìthtec. 'Ena Stratosfairikì DÐktuo prosfèrei èna nèo trìpo

paroq c uphresi¸n (IMT-2000, International Mobile Telecommunications-2000) me el�qisth

upodom  diktÔou, ikanì na exasfalÐsei meg�lh perioq  k�luyhc uyhl c puknìthtac. H an�jesh

aut  basÐzetai sthn anakoÐnwsh 221 thc DiejnoÔc 'Enwshc Thlepikoinwni¸n [36]. Ta kÔria

shmeÐa pou tonÐzontai sthn anakoÐnwsh aut  thc DiejnoÔc 'Enwshc Thlepikoinwni¸n gia thn

an�jesh twn HAPS stic L, S z¸nec suqnot twn eÐnai ta ex c:

1. oi stratosfairikèc platfìrmec ja mporoÔsan na leitourg soun san stajmoÐ b�shc en-

swmatwmènoi sto epÐgeio IMT-2000 dÐktuo,

2. stic proanaferjeÐsec z¸nec suqnot twn brÐskontai  dh se leitourgÐa stajerèc kai kinh-

tèc uphresÐec,

3. oi stajmoÐ HAPS mporoÔn na ekpèmpoun sthn z¸nh 2110-2170 MHz gia tic perioqèc 1

kai 3 kai 2110-2160 MHz gia thn perioq  2,

Oi thlepikoinwniakèc uphresÐec pou parèqontai apì ta stratosfairik� sust mata mporoÔn

na diakrijoÔn se qamhloÔ rujmoÔ gia kinhtoÔc qr stec kai se uyhloÔ rujmoÔ gia stajer�

termatik�. Lìgw thc meg�lhc perioq c k�luyhc, ta dÐktua me th qr sh stratosfairik¸n

platform¸n uperèqoun ènanti twn epÐgeiwn se dÔo tÔpouc efarmog¸n:

• euruekpomp    poluekpomp  (broadcasting   multicasting) sthn opoÐa ta stratosfai-

rik� sust mata diathroÔn poll� apì ta pleonekt mata twn gewstatik¸n doruforik¸n

susthm�twn, parèqontac tautìqrona th dunatìthta gia diadrastikì video kai prìsbash

internet.

• paroq  uphresi¸n se apomakrusmènec gewgrafik� perioqèc, se perioqèc me qamhlì plh-

jusmì kai ekeÐ ìpou up�rqei auxhmènh an�gkh gia kinhtèc epikoinwnÐec (nhsi�, wkeanoÐ,

ka). To kìstoc an� qr sth eÐnai polÔ megalÔtero gia ta epÐgeia sust mata sthn perÐ-

ptwsh qamhl c kÐnhshc fortÐou kai ètsi ta sust mata me qr sh stratosfairik¸n plat-

form¸n faÐnetai na uperèqoun. Epiprìsjeta ta sust mata aut� parèqoun eswterik 

k�luyh me kal  poiìthta uphresÐac kai qamhlì kìstoc. [14]
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2.5 An�lush twn Parembol¸n pou epibarÔnoun èna Strato-

sfairikì SÔsthma

H je¸rhsh twn parembol¸n eÐnai ènac apì tou pio shmantikoÔc par�gontec kat� thn sqedÐ-

ash tou nèou thlepikoinwniakoÔ sust matoc pou basÐzetai stic stratosfairikèc platfìrmec.

Stic prohgoÔmenec enìthtec melet jhkan oi tÔpoi twn stratosfairik¸n platform¸n kai oi

z¸nec suqnot twn pou èqoun anatejeÐ apì thn ITU-R gia thn leitourgÐa twn stratosfairi-

k¸n diktÔwn. 'Opwc eÐdame ta Stratosfairik� DÐktua mporoÔn na leitourg soun stic q¸rec

thc Eur¸phc stic uyhlec suqnìthtec thc V z¸nhc, ìpou oi parembolèc apì ta  dh up�rqonta

thlepikoinwniak� sust mata kai oi dusmeneÐc sunj kec di�doshc, apoteloÔn tic dÔo pio shman-

tikèc aitÐec upob�jmishc thc leitourgÐac tou stratosfairikoÔ sust matoc. 'Oson afor� tic

sunj kec di�doshc, autèc perigr�fontai sthn §2.6. Sthn sugkekrimènh enìthta perigr�fontai

ta diaforetik� eÐdh parembol c pou mporoÔn na epibarÔnoun to stratosfairikì dÐktuo kai h

ènnoia twn apodekt¸n orÐwn parembol c.

Wc parembol , katarq n, orÐzetai opoiad pote mh epijumht  hlektromagnhtik  aktinobo-

lÐa, proerqìmenh apì ekpompèc tou Ðdiou   diaforetikoÔ thlepikoinwniakoÔ sust matoc pou

leitourgeÐ sthn Ðdia   se geitonik  z¸nh suqnot twn, ikan  na prokalèsei ton upobibasmì thc

leitourgÐac enìc asÔrmatou thlepikoinwniakoÔ sust matoc   akìma kai thn oloklhrwtik  dia-

kop  thc leitourgÐac tou. To s ma parembol c gÐnetai antilhptì apì ton dèkth tou epijumhtoÔ

sust matoc san mia epiplèon phg  jorÔbou, pèra apì to leukì prosjetikì jìrubo AWGN pou

up�rqei p�nta, kai h isqÔc tou prostÐjetai se aut  tou jorÔbou. 'Amesh sunèpeia eÐnai h pe-

raitèrw epib�runsh tou sust matoc sto tm ma l yhc, me apotèlesma na dusqeraÐnetai h �rtia

an�kthsh tou s matoc plhroforÐac kai h epikoinwnÐa pompoÔ-dèkth. O lìgoc gia ton opoÐo

h parembol  melet�tai diaforetik� apì ton jìrubo kai ìqi san mèroc autoÔ, eÐnai epeid  to

hlektromagnhtikì s ma pou paremb�llei se èna sÔsthma èqei qr simo perieqìmeno, all� mìno

gia to sÔsthma pou proorÐzetai. Antijètwc, o jìruboc eÐnai s ma me mhdenikì plhroforia-

kì perieqìmeno. EpÐshc, en¸ o fusikìc jìruboc den mporeÐ na apofeuqjeÐ, oÔte na elegqjeÐ

pl rwc, h parembol , dedomènou ìti proèrqetai apì gnwst  jewrhtik� phg  eÐnai dunatìn na

perioristeÐ se ikanopoihtik� epÐpeda, ¸ste na mhn dusqeraÐnei shmantik� thn thlepikoinwniak 

zeÔxh.

Ta thlepikoinwniak� dÐktua me th qr sh stratosfairik¸n platform¸n basÐzontai se ke-

raÐec pollapl¸n desm¸n kai moi�zoun sthn ousÐa san èna kuyelwtì sÔsthma ìpou k�je dèsmh

eÐnai mia kuyèlh. Kat� sunèpeia eÐnai polÔ shmantikì o sqediasmìc tou diktÔou na gÐnetai

BasÐlhc F. M lac - Didaktorik  Diatrib  25



Kef�laio 2.

me b�sh tic parembolèc pou mporeÐ na prokÔyoun anex�rthta apì ton jermikì jìrubo kai ta

fainìmena dialeÐyewn.

Oi parembolèc se èna stratosfairikì dÐktuo diakrÐnontai se:

1. parembolèc pou prokaloÔntai apì touc qr stec tou Ðdiou tou diktÔou,

2. parembolèc pou proèrqontai apì �lla thlepikoinwniak� dÐktua, kat� kÔrio lìgo epÐ-

geia mikrokumatik� kai doruforik� dÐktua pou leitourgoÔn stic Ðdiec   geitonikèc z¸nec

suqnot twn.

'Oson afor� thn pr¸th perÐptwsh eÐnai shmantik  h diafor� metaxÔ epÐgeiwn kai strato-

sfairik¸n susthm�twn, sta epÐpeda parembol¸n pou prokaloÔntai apì to Ðdio to sÔsthma.

Sta epÐgeia sust mata eÐnai dÔskolh h prìbleyh twn epipèdwn parembol c gia diaforetikì

perib�llon egkat�stashc kaj¸c parathreÐtai isqur  ex�rthsh apì thn gewmorfologÐa thc

k�je perioq c. En antijèsei, sta stratosfairik� sust mata, h di�dosh gÐnetai se sunj kec

kajaroÔ ouranoÔ kai ètsi h prìbleyh twn parembol¸n pou prokaloÔntai apì touc qr stec tou

Ðdiou tou diktÔou eÐnai pio axiìpisth.

H diatrib  esti�zei sthn melèth tou probl matoc twn parembol¸n thc deÔterhc perÐptwshc

ìpou sunup�rqoun perissìtera tou enìc thlepikoinwniak� sust mata sthn Ðdia z¸nh suqnot -

twn (omodiaulik  parembol ). Omodiaulik  parembol  emfanÐzetai ìtan to hlektromagnhtikì

s ma pou paremb�llei èqei thn Ðdia suqnìthta fèrontoc me to s ma tou sust matoc pou ufÐsta-

tai thn parembol  kai to eÔroc z¸nhc tou s matoc basik c z¸nhc thc parembol c epikalÔptei

mèroc   olìklhro to eÔroc z¸nhc tou s matoc basik c z¸nhc tou paremballìmenou s ma-

toc. To parap�nw fainìmeno eÐnai dunatì na emfanisteÐ ìtan thlepikoinwniak� sust mata

pou qrhsimopoioÔn thn Ðdia z¸nh suqnot twn leitourgoÔn se qwrik� mikrèc apost�seic. Ku-

rÐwc sunteleÐtai lìgw twn plaðn¸n lob¸n tou diagr�mmatoc aktinobolÐac thc keraÐac, all�

suneisfèrei kai o kÔrioc lobìc ìtan up�rqei epik�luyh thc dèsmhc. 'Etsi, s ma parembol c

emfanÐzetai sto dèkth kai periorÐzei kat�autìn ton trìpo thn axiìpisth leitourgÐa thc zeÔxhc,

akìma kai an ta epÐpeda tou eÐnai qamhl�.

Epigrammatik� k�poioi apì touc trìpouc antimet¸pishc thc omodiaulik c parembol c eÐnai:

• diat rhsh gewgrafik c apìstashc asfaleÐac an�mesa ston dèkth kai ton paremb�llonta

pompì,
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• qr sh kateujuntik¸n kerai¸n pou periorÐzoun shmantik� ta epÐpeda isqÔoc pou ekpèm-

pontai se dieujÔnseic diaforetikèc apì aut  tou megÐstou,

• èlegqoc kai periorismìc thc isqÔoc ekpomp c twn thlepikoinwniak¸n susthm�twn

Sthn perÐptwsh pou k�poio thlepikoinwniakì sÔsthma qrhsimopoieÐ diaforetik  z¸nh su-

qnot twn, geitonik  me aut  tou stratosfairikoÔ sust matoc, emfanÐzetai parembol  geito-

nikoÔ diaÔlou. Basik  aitÐa emf�nishc tou sugkekrimènou eÐdouc parembol c eÐnai h adunamÐa

twn RF fÐltrwn ekpomp c kai l yhc na apokìptoun tic suqnìthtec pou brÐskontai ektìc tou

eÔrouc z¸nhc leitourgÐac tou sust matoc sto opoÐo eÐnai egkatesthmèna. To parap�nw den eÐ-

nai eÔkolo na apofeuqjeÐ afoÔ h kataskeu  enìc fÐltrou sthn perioq  twn RF suqnot twn me

apìtomh sun�rthsh metafor�c, ìpwc ja èprepe na eÐnai sthn idanik  perÐptwsh, eÐnai praktik�

anèfikth kai oikonomik� idiaitèrwc asÔmforh.

Oi dunatìthtec antimet¸pishc thc parembol c geitonikoÔ diaÔlou eÐnai genik� periorismè-

nec. Sun jwc epidi¸ketai h katapÐesh twn fasmatik¸n our¸n twn fÐltrwn, oi opoÐec brÐskontai

ektìc tou eÔrouc z¸nhc tou sust matoc. Sugkekrimèna, ta fÐltra ekpomp c kai l yhc sqe-

di�zontai ¸ste na elaqistopoioÔntai oi parembolèc upì touc ìrouc pou jètoun oi diejneÐc

prodiagrafèc gia thn sunolik  apìkrish enìc thlepikoinwniakoÔ diaÔlou.

Epiplèon twn parembol¸n pou anafèrjhkan, parathroÔntai kai ta akìlouja eÐdh parembo-

l c se èna thlepikoinwniakì sÔsthma:

• parembol  endodiamìrfwshc,

• parembol  lìgw diastaÔrwshc pìlwshc,

• diasumbolik  parembol .

H parembol  endodiamìrfwshc parousi�zetai ston dèkth enìc sust matoc lìgw thc emf�-

nishc proðìntwn endodiamìrfwshc kat� th mh grammik  enÐsqush pollapl¸n shm�twn, polu-

plegmènwn kat� suqnìthta (FDMA). Oi parembolèc autèc èqoun dusmen  apotelèsmata sthn

apodiamìrfwsh twn shm�twn plhroforÐac pou akoloujeÐ to st�dio enÐsqushc. Sun jwc autì

to eÐdoc thc parembol c antimetwpÐzetai me thn leitourgÐa twn enisqut¸n sth grammik  perioq 

enÐsqushc. To kìstoc miac tètoiac epilog c bèbaia eÐnai profan¸c oti sthn grammik  perioq 

oi enisqutèc den apodÐdoun to s ma sto mègisto thc enisqutik c touc dunatìthtac, ìpwc ja
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Sq ma 2.7: Parembolèc se Stratosfairikì SÔsthma

sunèbaine an leitourgoÔsan sthn perioq  kìrou. Shmei¸netai ìti sta thlepikoinwniak� sust -

mata sta opoÐa qrhsimopoieÐtai èna fèron an� enisqut  kai ta s mata eÐnai poluplegmèna sto

qrìno (TDMA), den emfanÐzetai to sugkekrimèno eÐdoc parembol c.

H parembol  lìgw diastaÔrwshc pìlwshc emfanÐzetai se sust mata ta opoÐa leitourgoÔn

me teqnik  anaqrhsimopoÐhshc suqnìthtac, me qr sh dÔo   pio sp�nia perissìterwn pol¸-

sewn. OfeÐletai sthn apopìlwsh pou dhmiourgeÐtai exaitÐac tou mèsou di�doshc tou s matoc

(atmosfairikèc katakrhmnÐseic) kai sthn atel  hlektromagnhtik  apopìlwsh twn diaforeti-

k¸n pol¸sewn. To fainìmeno thc parembol c lìgw diastaÔrwshc pìlwshc eÐnai pio èntono

gia suqnìthtec megalÔterec apì 10 GHz.

H diasumbolik  parembol  emfanÐzetai sta yhfiak� sust mata epikoinwni¸n. Sugkekrimè-

na h qronik  ex�plwsh twn yhfÐwn pou metadÐdontai sto dÐaulo èqei dusmen  epÐdrash sthn

an�kthsh kai apokwdikopoÐhsh �llou   �llwn geitonik¸n yhfÐwn. Autì èqei san apotèlesma

thn aÔxhsh tou rujmoÔ laj¸n (BER), th meÐwsh thc diajesimìthtac tou thlepikoinwniakoÔ
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sust matoc kai thn upob�jmish twn pareqìmenwn uphresi¸n. Basik  aitÐa emf�nishc tou en

lìgw fainomènou eÐnai h anep�rkeia eÔrouc z¸nhc suqnot twn, o mh akrib c sugqronismìc me-

taxÔ pompoÔ kai dèkth kai h paramìrfwsh pou mporeÐ na dhmiourg sei sta s mata o dÐauloc

epikoinwnÐac.

'Olec autèc oi morfèc parembol c èqoun wc apotèlesma thn upob�jmish thc leitourgÐ-

ac tou stratosfairikoÔ sust matoc kai thn mh t rhsh twn stìqwn leitourgÐac tou (stìqoi

diajesimìthtac, stìqoi leitourgik¸n laj¸n).

2.5.1 Epitrept� 'Oria Parembol c

Gia thn perÐptwsh thc omodiaulik c parembol c pou prokaloÔn/dèqontai ta stratosfairik�

dÐktua proc/apì ta epÐgeia kai ta doruforik� dÐktua, mia apì tic profaneÐc lÔseic eÐnai h

qr sh diaforetik¸n zwn¸n suqnot twn gia k�je thlepikoinwniak  uphresÐa. Wstìso, lìgw tou

periorismènou diajèsimou f�smatoc radiosuqnot twn, aut  h lÔsh den eÐnai praktik� efikt . Oi

sÔgqronec an�gkec gia anajèseic suqnot twn xepernoÔn kat� polÔ to diajèsimo radiof�sma,

en¸ h egkat�stash nèwn thlepikoinwniak¸n susthm�twn sunteleÐ sthn aÔxhsh thc amoibaÐac

parembol c metaxÔ diktÔwn pou moir�zontai to Ðdio f�sma. Epomènwc eÐnai aparaÐthth h melèth

epitrept¸n orÐwn (krithrÐwn) parembol c, h eÔresh krithrÐwn sunÔparxhc all� kai h axiopoÐhsh

nèwn zwn¸n suqnot twn.

H eÔresh apodekt¸n orÐwn ekpomp c twn susthm�twn pou dhmiourgoÔn parembol  se �lla

dÐktua   zeÔxeic, eÐnai èna polÔ shmantikì kai sun�ma dÔskolo jèma. H duskolÐa tou ègkeitai

sto diaforetikì antÐktupo pou èqei to k�je krit rio sta emplekìmena dÐktua. Gia par�deigma

mia aÔxhsh sto apodektì ìrio parembol c èqei wc apotèlesma thn meÐwsh thc qwrhtikìthtac

tou paremballìmenou diktÔou kai thn aÔxhshc thc qwrhtikìthtac   tou arijmoÔ twn diktÔwn

pou prokaloÔn thn parembol . 'Etsi ta apodekt� krit ria eÐnai p�nta apotèlesma sumbiba-

smoÔ. Gia thn eÔresh twn kat�llhlwn krithrÐwn, qrhsimopoioÔntai di�foroi deÐktec gia na

qarakthrÐsoun thn epÐdrash thc parembol c sthn leitourgÐa tou diktÔou oi opoÐoi sqetÐzontai

me:

• thn diajesimìthta tou diaÔlou   tou diktÔou,

• thn aÔxhsh thc isodÔnamhc jermokrasÐac jorÔbou thc paremballìmenhc zeÔxhc,

• ton rujmì laj¸n,
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• ton upobibasmì thc apìdoshc tou sust matoc,

oi opoÐoi ìmwc kajistoÔn dÔskolh thn sÔgkrish twn diafìrwn krithrÐwn pou prokÔptoun sthri-

zìmena se autoÔc kaj¸c exart¸ntai apì ta qrhsimopoioÔmena s mata, tic mejìdouc met�doshc

kai l yhc kai thn arqitektonik  tou diktÔou.

Mia �llh duskolÐa sthn exagwg  twn kat�llhlwn krithrÐwn eÐnai to gegonìc oti kat�

kanìna h tim  thc parembol c kai h epÐdrash thc sto paremballìmeno dÐktuo sthrÐzetai stic

qeirìterec sunj kec pou ja mporoÔsan na prokÔyoun anex�rthta apì thn pijanìthta miac

tètoiac kat�stashc. Mia sun jhc mèjodoc ergasÐac gia thn exagwg  antiproswpeutik¸n kri-

thrÐwn, eÐnai h statistik  an�lush me b�sh touc lìgouc C/I, C/(N + I), I/N ìpou wc C

orÐzoume thn isqÔ tou epijumhtoÔ s matoc, N ton jermikì jìrubo tou dèkth kai I thn isqÔ tou

s matoc parembol c. Sthn up�rqousa bibliografÐa kai stic melètec thc ITU-R pou aforoÔn

parembolèc proc kai apì Stratosfairik� DÐktua, gÐnetai eureÐa qr sh tou lìgou I/N . Stic

epìmenec paragr�fouc exhgoÔme pwc ex�gontai ta krit ria parembol c gia to sugkekrimèno

lìgo.

Oi parembolèc pou ufÐstatai èna sÔsthma èqoun wc apotèlesma thn upob�jmish thc poiì-

thtac tou, afoÔ prokaloÔn th meÐwsh sth diajesimìthta tou kai thn aÔxhsh stouc rujmoÔc

leitourgik¸n laj¸n.

Gia th montelopoÐhsh thc parembol c, h mègisth epitrept  upob�jmish thc diajesimìthtac

kai twn leitourgik¸n laj¸n mporeÐ na qwristeÐ se posost� an�loga me thn phg , h opoÐa thn

prokaleÐ. 'Etsi, oi parembolèc pou proèrqontai apì �lla Stratosfairik� DÐktua mporoÔn

na prokalèsoun upob�jmish sth diajesimìthta kai sta leitourgik� l�jh kat� Q% (se autì

to posostì perilamb�nontai h astoqÐa kai oi atèleiec tou exoplismoÔ). Oi parembolèc pou

proèrqontai apì �lla thlepikoinwniak� sust mata me thn Ðdia proteraiìthta sth sugkekrimènh

z¸nh suqnot twn mporoÔn na prokalèsoun upob�jmish sth diajesimìthta kai sta leitourgik�

l�jh kat� U% (se aut  thn kathgorÐa up�gontai kai oi parembolèc pou prokaloÔntai apì

to Stajerì Doruforikì DÐktuo, kai to EpÐgeio DÐktuo), en¸ oi upìloipec tuqìn parembolèc

mporoÔn na prokalèsoun upob�jmish kat� èna posostì Z%. To �jroisma Q%+U%+Z% prèpei

na ikanopoieÐ touc ek�stote stìqouc diajesimìthtac kai leitourgik¸n laj¸n an�loga me th

sqedÐash tou diktÔou.

Oi stìqoi sth diajesimìthta kai sta leitourgik� l�jh metafr�zontai se ènan el�qisto

shmatojorubikì lìgo sto dèkth, (C/N)min req. O lìgoc autìc exart�tai apì ta sugkekrimèna
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qarakthristik� thc zeÔxhc, apì tic apait seic poiìthtac kai diajesimìthtac kai apì th qr sh  

ìqi autìmatou elègqou isqÔoc sto dèkth. Krit rio omal c leitourgÐac thc zeÔxhc eÐnai o shma-

tojorubikìc lìgoc na mhn pèsei k�tw apì thn el�qisth epitrept  tim  tou gia perissìtero apì

sugkekrimèno posostì qrìnou. Pt¸sh tou k�tw apì thn prokajorismènh tim  gia perissìtero

qrìno, metatrèpei th zeÔxh se mh diajèsimh. To perij¸rio autì onom�zetai perij¸rio exasjè-

nhshc (Fade Margin) thc zeÔxhc. H qr sh autìmatou elègqou isqÔoc sto dèkth, mei¸nei to

perij¸rio exasjènhshc. H nèa tim  pou prokÔptei onom�zetai kajarì perij¸rio exasjènhshc

(Net Fade Margin, NFM) [10].

Upojètoume ìti ènac apì touc problepìmenouc stìqouc leitourgÐac P (stìqoi diajesimì-

thtac, stìqoi leitourgik¸n laj¸n), susqetÐzetai me to kajarì perij¸rio exasjènhshc. An oi

stìqoi leitourgÐac tou sust matoc mporeÐ na upobajmistoÔn lìgw parembol c, p.q kat� èna

posostì Y (0≤Y≤10) tìte o nèoc stìqoc leitourgÐac kajorÐzetai wc ex c:

P ′ = (1 + Y ) · P (2.5.1)

EpÐshc to kajarì perij¸rio kèrdouc ja gÐnei NFM ′. 'Etsi h diafor� perijwrÐwn kèrdouc

∆NFM ′ (se dB) upologÐzetai wc ex c:

∆NFM = NFM ′ −NFM = 10 · log
(
P ′/

P

)
= 10 · log(1 + Y ) (2.5.2)

An I h lambanìmenh parembol , N o jermikìc jìruboc tou sust matoc kai NTotal o suno-

likìc jìruboc tou sust matoc, isqÔei ìti:

10I/10 + 10N/10 = 10NTotal/10 = 10(N+∆NFM)/10 (2.5.3)

10I/10 = 10N/10
(
10∆NFM/10 − 1

)
(2.5.4)

I = N + 10 · log
(
10∆NFM/10 − 1

)
(2.5.5)
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'Ara gia par�deigma, an h mègisth epitrept  upob�jmish stouc stìqouc leitourgÐac tou

StratosfairikoÔ DiktÔou eÐnai se posostì Y = 10% = 0.1, tìte ∆NFM = 10 · log(1.1) =

0.41 dB kai I/N = −10 dB

Oi qarakthristikèc timèc tou epitreptoÔ krithrÐou parembol c gia ta sust mata anafor�c,

ìpwc aut� ja perigrafoÔn sthn §2.8 eÐnai oi akìloujec:

PÐnakac 2.4: Krit ria Parembol¸n gia to SD

Posostì DNFM I/N Megisth Epitrept  St�jmh Parembol c

Epitrept c Upobibasmìc dB dB(W/MHz)

Parembol c Apìdoshc EpÐgeioc Stajmìc SD Stratosfairik  Platfìrma

1% 0.04 -20.3 -159.4 -161.9

6% 0.25 -12.2 -151.3 -153.8

10% 0.41 -10 -149.1 -151.6

15% 0.6 -8.2 -147.3 -149.8

20% 0.79 -7 -146.1 -148.6
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2.6 Perib�llon Di�doshc

2.6.1 Qarakthrismìc tou DiaÔlou

Ta montèla di�doshc stoqeÔoun sthn prìbleyh thc mèshc tim c isqÔoc tou lambanìmenou

s matoc se mia dedomènh apìstash apì ton pompì (makrìqrona montèla di�doshc), ìso kai twn

diakum�nsewn thc lambanìmenhc isqÔoc gia polÔ mikrèc apost�seic (k�poia m kh kÔmatoc)  

gia mikrèc qronikèc periìdouc (braqÔqrona montèla di�doshc   montèla dialeÐyewn) [3], [25].

Se puknokatoikhmènec perioqèc sumbaÐnoun dialeÐyeic lìgw thc epikr�thshc sunjhk¸n mh-

optik c epaf c metaxÔ pompoÔ kai dèkth. Akìma kai ìtan up�rqoun sunj kec optik c epaf c,

sumbaÐnoun dialeÐyeic pollapl¸n diadrom¸n lìgw twn anakl�sewn apì to èdafoc kai apì tic

upìloipec domèc pou perib�lloun to q¸ro di�doshc.

Kat� thn di�dosh twn radiokum�twn metaxÔ tou dorufìrou   thc stratosfairik c platfìr-

mac kai enìc epÐgeiou stajmoÔ, èna shmantikì posostì thc sunolik c enèrgeiac ft�nei mèsw

tou apeujeÐac kÔmatoc. H upìloiph isqÔc lamb�netai mèsw tou anakl¸menou apì to èdafoc

kÔmatoc kai twn skedazìmenwn aktin¸n pou diamorf¸noun èna diaqeìmeno kÔma. 'Etsi to s ma

lamb�netai mèsw diaforetik¸n diadrom¸n di�doshc kai kat� èna trìpo ìlec autèc oi ekdoqèc

tou s matoc l yhc eÐnai ìlec antÐgrafa tou arqikoÔ ekpempìmenou s matoc me diafor� se pl�-

toc, f�sh, kajustèrhsh kai gwnÐa �fixhc. H sÔnjesh twn ekdoq¸n aut¸n ston dèkth mporeÐ

na eÐnai epoikodomhtik    mh wfèlimh.

H di�dosh stic doruforikèc zeÔxeic eÐnai eleujèrou q¸rou, ìpou h lambanìmenh isqÔc exa-

sjeneÐ sunart sei tou tetrag¸nou thc apìstashc pompoÔ-dèkth, me tic ski�seic na akoloujoÔn

logarijmokanonik  katanom . O stratosfairikìc dÐauloc 3 èqei poll� koin� me ton dorufo-

rikì, me thn diafor� ìti oi ap¸leiec di�doshc eÐnai akìma mikrìterec kai apì autèc tou LEO

doruforikoÔ diaÔlou. H exasjènhsh mikr c klÐmakac perigr�fetai apì katanom  Rice tìso

gia ton doruforikì ìso kai gia ton stratosfairikì dÐaulo, me thn diafor� oti k�poia montèla

qrhsimopoioÔn Rayleigh katanom  gia ta fainìmena exasjènhshc mikr c klÐmakac se astikèc

perioqèc.

'Oson afor� thn montelopoÐhsh diaÔlou gia stratosfairik� sust mata sthn diejn  bi-

bliografÐa, èqoun protajeÐ èna fusikì statistikì macro- kai mega- kuyelwtì montèlo [19]

di�doshc gia IMT-2000 epikoinwnÐec sthn S z¸nh (1550-5200 MHz) to opoÐo ektim jhke mè-

3metaxÔ stratosfairik c platfìrmac kai epÐgeiou stajmoÔ tou SD
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sw metr sewn sta 1.6 GHz, kaj¸c kai mia epèktash enìc jewrhtikoÔ montèlou gia epÐgeia

sust mata pou prosdiorÐzei tic exasjen seic mikr c klÐmakac gia zeÔxh sta 2 GHz metaxÔ

stratosfairik c platfìrmac kai stajer¸n all� kai kinht¸n epÐgeiwn qrhst¸n [5].

2.6.2 Dedomèna Di�doshc kai Montèla Prìbleyhc

Sth melèth thc paroÔsac diatrib c jewr jhkan oi mhqanismoÐ di�doshc pou perigr�fontai sthn

sÔstash ITU-R P.1409 [22]. Sthn sÔstash aut  proteÐnontai oi parak�tw mhqanismoÐ di�doshc

kai epidr�seic thc atmìsfairac pou prèpei na lamb�nontai upìyh sthn sqedÐash susthm�twn

me stratosfairikèc platfìrmec kai stic melètec parembol¸n stic suqnìthtec twn 48/47 GHz:

1. ap¸leiec eleujèrou q¸rou,

2. atmosfairikèc aposbèseic lìgw aporrìfhshc aerÐwn sthn tropìsfaira (Jewr¸ntac ìti

ìlec oi aposbèseic gÐnontai se uyìmetra k�tw apì thn platfìrma),

3. exasjènhsh lìgw broq c,

4. exasjènhsh lìgw nef¸n (gia posostì qrìnou mikrìtero apì 1% h epÐdrash thc exasjè-

nhshc lìgw nef¸n sunupologÐzetai sthn mèjodo prìbleyhc exasjènhshc lìgw broq c),

5. skèdash apì thn epif�neia thc ghc (skèdash apì thn p�nw epif�neia twn kuyel¸n broq c

anamènetai na eÐnai ligìtero shmantik ),

6. skèdash lìgw broq c,

7. troposfairikèc katakrhmnÐseic.

Sto Sq ma 2.8 upologÐsthke h sqèsh metaxÔ exasjènhshc lìgw broq c se di�forec suqnì-

thtec kai thc mh diajesimìthtac gia epÐgeio stajmì SD pou leitourgeÐ me sugkekrimènh gwnÐa

me thn stratosfairik  platfìrma qrhsimopoi¸ntac to montèlo ITU-R P.618 [23]. JewroÔme

ìti o epÐgeioc stajmìc eÐnai egkatesthmènoc se gewgrafikì pl�toc 35◦N se perioq  me bro-

qìptwsh (50mm/h). Epilèxame na melet soume ta statistik� mh diajesimìthtac se perioq 

me mesaÐo gewgrafikì pl�toc kai mètria broqìptwsh. Epiprìsjeta gia ta sugkekrimèna qa-

rakthristik� up rqan kampÔlec anafor�c apì �llouc ereunhtèc, ¸ste na epibebai¸soume thn

orjìthta thc an�lushc mac.
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Sq ma 2.8: Qarakthristik� apìsbeshc lìgw broq c - Gewgrafikì pl�toc: 35◦N, GwnÐa anÔywshc:
20◦, Rujmìc broqìptwshc: 50mm/h

EÐnai fanerì ìti èna stratosfairikì sÔsthma pou leitourgeÐ se qamhl  z¸nh suqnot -

twn èqei shmantikì sugkritik� pleonèkthma ènanti ekeÐnou tou sust matoc pou leitourgeÐ se

uyhlìterec suqnìthtec (40 GHz, 45 GHz). E�n h apaitoÔmenh diajesimìthta zeÔxhc eÐnai mi-

krìterh apì 99.5%, èna stratosfairikì sÔsthma ja mporeÐ na parèqei to aparaÐthto perij¸rio

zeÔxhc akìma kai stic uyhlèc suqnìthtec. EntoÔtoic, polÔ uyhloÐ stìqoi diajesimìthtac (p.q

99.99%) eÐnai epiteÔximoi mìno stic qamhlìterec z¸nec suqnot twn.
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2.7 Prodiagrafèc Kerai¸n

To sÔsthma thc keraÐac eÐnai ènac apì touc pio shmantikoÔc par�gontec pou kajorÐzoun thn

apìdosh se èna stratosfairikì dÐktuo. Sta epÐgeia sust mata, h aktinobolÐa se perioqèc èxw

apì thn perioq  paroq c uphresi¸n, eÐnai exart¸menh apì ta qarakthristik� thc keraÐac tou

epÐgeiou stajmoÔ kai apì thn exasjènhsh lìgw di�doshc sto sugkekrimèno perib�llon. Sta

stratosfairik� sust mata, h ex�rthsh eÐnai kurÐwc apì ta qarakthristik� thc keraÐac thc

stratosfairik c platfìrmac, kai idiaÐtera apì thn apìdosh twn plaðn¸n lob¸n aktinobolÐac.

'Oso pio meg�lh eÐnai h perioq  k�luyhc, tìso pio anagkaÐa eÐnai h kal  apìdosh thc keraÐac.

Oi basikèc prodiagrafèc gia tic keraÐec twn stratosfairik¸n susthm�twn akoloujoÔn,

en¸ qarakthristik� Ðqnh kerai¸n me 300-400 kuyèlec ìpwc proteÐnontai apì thn ITU-R gia thn

Ka z¸nh apeikonÐzontai sto Sq ma 2.9:

1. meiwmèno b�roc, mègejoc kai meiwmènh katan�lwsh isqÔoc kai kal  apìdosh sto peri-

b�llon thc stratìsfairac,

2. uyhlèc suqnìthtec leitourgÐac ¸ste na exasfalÐzetai h euruzwnik  leitourgÐa,

3. kateujuntikìthta me uyhl  apolab  ètsi ¸ste na exisorropoÔntai oi exasjen seic pou

ofeÐlontai sthn di�dosh se uyhlèc suqnìthtec,

4. qr sh pollapl¸n desm¸n khlÐdac,

5. mhqanismì elègqou thc dèsmhc gia thn anaÐresh thc epÐdrashc twn metabol¸n Ôyouc kai

jèshc thc platfìrmac sto Ðqnoc thc keraÐac sthn epif�neia thc ghc [15, 16],

Sq ma 2.9: ParadeÐgmata Ðqnouc pollapl¸n desm¸n (a) Elleiptik c dèsmhc eniaÐo montèlo Ðqnouc
(367 dèsmec) (b) Kuklik c dèsmhc poluzwnikì montèlo Ðqnouc (397 dèsmec)
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2.8 Teqnik� Qarakthristik� Tupik¸n Stratosfairik¸n Di-

ktÔwn sthn Qiliostometrik  Z¸nh (ITU-R)

Sta Kef�laia 3 kai 4 melet¸ntai oi parembolèc pou dhmiourgoÔntai metaxÔ Stratosfairik¸n,

EpÐgeiwn kai Doruforik¸n DiktÔwn. 'Enac apì touc pio shmantikoÔc par�gontec gia thn die-

xagwg  axiìpistwn sumperasm�twn kat� thn melèth parembol¸n kai thn an�ptuxh krithrÐwn

sunÔparxhc eÐnai ta teqnik� qarakthristik� tou k�je sust matoc. Ta SD suneq¸c exelÐsson-

tai kai  dh up�rqei mia meg�lh poikilÐa susthm�twn anametadìsewn pou leitourgoÔn   ana-

ptÔssontai gia na ikanopoi soun mellontikèc apait seic. Epilèxame sthn paroÔsa diatrib  na

mhn qrhsimopoihjeÐ èna aplì �tupikì� sÔsthma r�dio-anamet�doshc wc montèlo genikoÔ skopoÔ,

all� na qrhsimopoi soume wc sÔsthma anafor�c gia thn melèth, ta teqnik� kai leitourgik�

qarakthristik� pou proteÐnei h ITU-R gia stratosfairik� sust mata pou leitourgoÔn sthn

z¸nh suqnot twn metaxÔ 47.2-47.5 GHz kai 47.9-48.2 GHz.

Sthn §2.8.1 perigr�fetai h arqitektonik  tou SD kai oi treic basikèc perioqèc k�luyhc. Oi

§2.8.2, 2.8.3 pragmateÔontai tic paramètrouc ekpomp c thc stratosfairik c platfìrmac kai

twn epÐgeiwn stajm¸n kai ta diagr�mmata aktinobolÐac twn kerai¸n pou ja qrhsimopoihjoÔn

gia thn platfìrma kai touc epÐgeiouc qr stec sthn qiliostometrik  z¸nh suqnot twn.

2.8.1 Arqitektonik  DiktÔou

H arqitektonik  kai o sqediasmìc tou thlepikoinwniakoÔ diktÔou me th qr sh stratosfairik¸n

platform¸n eÐnai èna apì ta jèmata èreunac ta teleutaÐa qrìnia. H melèth sto plaÐsio thc

diatrib c sthrÐzetai se di�taxh asterismoÔ ìpwc proteÐnetai sthn sÔstash ITU-R F.1500 [24],

ìpou h platfìrma leitourgeÐ wc o kÔrioc exuphretht c. To fortÐo apoteleÐtai apì pollaplèc

dèsmec proc thn Gh parèqontac epark  k�luyh se mia kuklik  perioq  me di�metro k�luyhc èwc

kai 548 Km, exart¸menh apì thn gwnÐa anÔywshc twn termatik¸n tou SD. Ston PÐnaka 2.5

parousi�zontai endeiktikèc timèc diamètrou k�luyhc apì stratosfairik  platfìrma sta 15.5,

21, kai 30 Km an�loga me th gwnÐa anÔywshc thc keraÐac tou epÐgeiou stajmoÔ tou SD.

Ta termatik� eÐnai forhtèc suskeuèc oi opoÐec epikoinwnoÔn me to fortÐo apeujeÐac. 'Ena

termatikì apoteleÐtai apì thn mon�da thc keraÐac kai mia yhfiak  mon�da. H epikoinwnÐa metaxÔ

qr sth-proc-qr sth epitugq�netai mèsw thc platfìrmac kai enìc asÔgqronou diakìpth. Pèra

apì touc termatikoÔc qr stec up�rqoun kai oi pulaÐoi stajmoÐ mèsw twn opoÐwn epitugq�netai
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Sq ma 2.10: Apeikìnish enìc StratosfairikoÔ DiktÔou paroq c stajer¸n uphresi¸n sthn V z¸nh

h sÔndesh me ta up�rqonta dhmìsia dÐktua thlefwnÐac kai dedomènwn(PSTN,PDTN,internet).

H sqedÐash tou diktÔou eÐnai tètoia ¸ste na epitrèpei stouc pulaÐouc stajmoÔc na brÐskon-

tai opoud pote mèsa sthn perioq  k�luyhc, me stìqo thn meÐwsh twn apait sewn epÐgeiac

upodom c.

H sunolik  perioq  k�luyhc miac stratosfairik c platfìrmac diaireÐtai se treic z¸nec

[24]:

• Z¸nh astik c k�luyhc UAC (Urban Area Coverage): Oi gwnÐec anÔywshc twn epÐgeiwn

stajm¸n wc proc thn platfìrma kumaÐnontai metaxÔ 30 kai 90 moir¸n. H perioq  k�luyhc

sthn perÐptwsh aut  ekteÐnetai apì to shmeÐo nadÐr k�tw apì thn platfìrma e¸c ta 35

  43 Km, gia uyìmetro leitourgÐac 21 kai 25 Km antistoÐqwc. Oi qr stec thc astik c

z¸nhc mporoÔn na èqoun forhtèc termatikèc suskeuèc me eÔroc dèsmhc perÐpou 11 moÐrec

  keraÐec kèrdouc 26 dBi kai diast�sewn 10 cm epÐ 10 cm. Ta termatik� aut� qrei�zontai

kat� prosèggish 0.15 watt ekpempìmenhc RF isqÔoc. Oi keraÐec ston enaèrio stajmì

prèpei na èqoun kèrdoc 30 dBi (1 watt RF isqÔoc an� kan�li).

• Z¸nh proastiak c k�luyhc SAC (Suburban Area Coverage): Oi gwnÐec anÔywshc twn

epÐgeiwn stajm¸n eÐnai metaxÔ 15 kai 30 moir¸n. H perioq  k�luyhc sthn perÐptwsh aut 

ekteÐnetai apì ta ìria thc z¸nhc UAC e¸c ta 76.5   90.5 Km, gia uyìmetro leitourgÐac 21

kai 25 Km antistoÐqwc. Sta termatik� aparaÐthth eÐnai h qr sh kateujuntik¸n kerai¸n
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PÐnakac 2.5: Di�metroc K�luyhc apì Stratosfairik  Platfìrma

Di�metroc Radiok�luyhc (Km)

GwnÐa AnÔywshc Z¸nh Platfìrma Platfìrma Platfìrma

(◦) K�luyhc sta 15.5 Km sta 21 Km sta 30 Km

5 RAC 310 405 548

10 RAC 169 226 316

15 RAC/SAC 114 153 216

20 SAC 84 114 161

25 SAC 66 89 127

30 SAC/UAC 53 72 103

35 UAC 44 60 85

40 UAC 37 50 71

45 UAC 31 42 60

50 UAC 26 35 50

55 UAC 22 29 42

60 UAC 18 24 34

uyhlìterou kèrdouc (41 dBi) me isqÔ ekpomp c 0.2 watt. Oi Ðdiec keraÐec mporoÔn na

qrhsimopoihjoÔn kai stic z¸nec UAC gia stajer  egkat�stash se orofèc ktirÐwn. H

enaèria platfìrma èqei ìpwc kai prin keraÐec kèrdouc 30 dBi.

• Z¸nh agrotik c k�luyhc RAC (Rural Area Coverage): Oi gwnÐec anÔywshc kumaÐnontai

apì 5 wc 15 moÐrec kai h perioq  k�luyhc upologÐzetai ìti ft�nei apì ta ìria thc z¸nhc

SAC wc ta 203   234 Km, an�loga an h platfìrma brÐsketai sta 21   25 Km apì

thn epif�neia thc j�lassac. H agrotik  z¸nh anamènetai na afierwjeÐ sthn uyhl c

taqÔthtac, shmeÐou proc shmeÐo prìsbash kai sthn eureÐa k�luyh perioq¸n k�nontac

qr sh qamhlìterwn suqnot twn, metaxÔ 800 MHz kai 5 GHz, kaj¸c h exasjènhsh pou

prokaleÐtai apì th broq  kai �lla atmosfairik� fainìmena sta 47/48 GHz eÐnai polÔ

meg�lh.

2.8.2 Qarakthristik� Ekpomp c

Oi par�metroi ekpomp c thc stratosfairik c platfìrmac [24] gia thn V z¸nh suqnot twn

parousi�zontai ston PÐnaka 2.6. H epikoinwnÐa me touc termatikoÔc qr stec gÐnetai me dia-

mìrfwsh TDM 4-PSK me eÔroc z¸nhc 11 MHz gia thn k�tw zeÔxh kai 2.2 MHz gia thn �nw
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zeÔxh. H epikoinwnÐa me touc pulaÐouc stajmoÔc(Gateways) gÐnetai me qr sh diamìrfwshc

64-QAM me eÔroc z¸nhc 88 MHz (11 MHz an� fèron). Aut� me thn upìjesh ìti gÐnetai qr sh

2x100 MHz f�smatoc. An to f�sma suqnot twn eÐnai sta 2x300 MHz, tìte ja mporoÔse h

epikoinwnÐa thc platfìrmac me touc termatikoÔc qr stec na pragmatopoieÐtai me eÔroc 33 MHz

sthn k�tw zeÔxh.

Oi antÐstoiqec par�metroi gia touc epÐgeiouc stajmoÔc parousi�zontai ston PÐnaka 2.7.

Gia thn �nw zeÔxh oi termatikoÐ qr stec k�noun qr sh multicarrier TDMA me QPSK diamìr-

fwsh, en¸ oi pulaÐoi stajmoÐ qrhsimopoioÔn parìmoiec teqnikèc me autèc thc stratosfairik c

platfìrmac.

PÐnakac 2.6: Par�metroi ekpomp c stratosfairik c platfìrmac

Stratosfairik  Platfìrma

ZeÔxh IsqÔc Ekpomp c (dBW) Kèrdoc KeraÐac (dBi)

Astik  1.3 30

Proastiak  1.3 30

Agrotik  3.5 41

Gateway-Astik  0 35

Gateway-Proastiak  9.7 38

PÐnakac 2.7: Par�metroi ekpomp c epÐgeiwn stajm¸n StratosfairikoÔ DiktÔou

EpÐgeioi StajmoÐ

ZeÔxh IsqÔc Ekpomp c (dBW) Kèrdoc KeraÐac (dBi)

Astik  -8.2 23

Proastiak  -7 38

Agrotik  -1.5 38

Gateway-Astik  1.7 46

Gateway-Proastiak  13.4 46
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2.8.3 Diagr�mmata AktinobolÐac Kerai¸n

Sth paroÔsa diatrib  melet�me tic parembolèc me b�sh ta diagr�mmata aktinobolÐac twn ke-

rai¸n pou proteÐnei h ITU-R. Ta diagr�mmata aktinobolÐac twn kerai¸n twn epÐgeiwn stajm¸n

(termatikoÐ qr stec, pulaÐoi stajmoÐ) tou stratosfairikoÔ sust matoc basÐzontai sto akì-

loujo majhmatikì montèlo [27]:

G(ϕ) = Gmax − 2.5× 10−3

(
D

λ
ϕ

)2

για 0◦ < ϕ < ϕm (2.8.1)

G(ϕ) = G1 για ϕm ≤ ϕ < 100
λ

D
(2.8.2)

G(ϕ) = 52− 10 log
D

λ
− 25 log ϕ για 100

λ

D
≤ ϕ < 48◦ (2.8.3)

G(ϕ) = 10− 10 log
D

λ
για 48◦ ≤ ϕ ≤ 180◦ (2.8.4)

G1 = 2 + 15 log
D

λ
(2.8.5)

ϕm =
20λ

D

√
Gmax −G1 (2.8.6)

20 log
D

λ
≈ Gmax − 7.7 (2.8.7)

D: h di�metroc thc keraÐac,

λ: to m koc kÔmatoc (ekfrasmèno stic Ðdiec mon�dec),

G(ϕ): to kèrdoc thc keraÐac se gwnÐa ϕ wc proc thn kÔria kateÔjunsh (dBi),

ϕ: h gwnÐa apìklishc (moÐrec),
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Endeiktik� sto Sq ma 2.8.3, apeikonÐzetai to di�gramma aktinobolÐac gia touc termatikoÔc

qr stec tou SD sthn astik  (UAC) kai proastiak  (SAC) perioq  k�luyhc. 
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Sq ma 2.11: Di�gramma aktinobolÐac epÐgeiou stajmoÔ SD sÔmfwna me thn sÔstash ITU-R F.699

Ta diagr�mmata aktinobolÐac twn kerai¸n twn stratosfairik¸n platform¸n basÐzontai

sto akìloujo majhmatikì montèlo [31]:

G(ϕ) = Gm −
(
ϕ/ϕb

)a
για ϕb ≤ ϕ ≤ αϕb (2.8.8)

G(ϕ) = Gm + LN + 20 log z για αϕb ≤ ϕ ≤ 0.5bϕb (2.8.9)

G(ϕ) = Gm + LN για 0.5bϕb < ϕ ≤ bϕb (2.8.10)
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G(ϕ) = X − 25 log ϕ για bϕb < ϕ ≤ Y (2.8.11)

G(ϕ) = LF για Y < ϕ ≤ 90◦ (2.8.12)

ìpou:

X = Gm + LN + 25 log(bϕb) (2.8.13)

Y = bϕb100.04(Gm+LN−LF ) (2.8.14)

ϕb =

√
27000

100.1Gm
/2 (2.8.15)

LB = 15 + LN + 0.25Gm + 5 log z (2.8.16)

G(ϕ): to kèrdoc thc keraÐac se gwnÐa ϕ wc proc thn kÔria kateÔjunsh (dBi),

Gm: to mègisto kèrdoc (dBi),

LN=-20 dBi, LF=-10 dBi, gia thn kalÔterh apìdosh twn kerai¸n thc platfìrmac,

z: o lìgoc megÐstou proc mikrìterou �xona gia thn aktinoboloÔmenh dèsmh.
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2.9 Dunatìthtec twn Stratosfairik¸n DiktÔwn

Ta sust mata pou basÐzontai stic stratosfairikèc platfìrmec diathroÔn ta pleonekt mata

twn epÐgeiwn kai doruforik¸n susthm�twn. H monadik  jèsh apì thn opoÐa leitourgoÔn pro-

sfèrei shmantikì pleonèkthma proôpologismoÔ zeÔxhc kai amelhtèec kajuster seic di�doshc

tou radios matoc se sÔgkrish me ta doruforik� sust mata kai arket� megalÔterh perioq  k�-

luyhc se sÔgkrish me ta epÐgeia sust mata. Epiplèon parèqoun megalÔterou m kouc zeÔxeic

shmeÐo-proc-shmeÐo kai shmeÐo-proc-pollapl� shmeÐa me mikrìterh exasjènhsh broq c apì tic

epÐgeiec zeÔxeic.

Lìgw thc gewmetrÐac kai thc arqitektonik c tou sust matoc, oi gwnÐec anÔywshc twn epÐ-

geiwn termatik¸n wc proc tic enaèriec platfìrmec lamb�noun meg�lec timèc sto eÔroc twn

10◦-90◦. Oi gewstatikoÐ dorufìroi eÐnai wc epÐ to pleÐston oratoÐ me polÔ mikrìterec gw-

nÐec, epeid  h troqi� touc periorÐzetai sto epÐpedo tou IshmerinoÔ. Sta epÐgeia sust mata

oi qrhsimopoioÔmenec gwnÐec anÔywshc eÐnai akìma mikrìterec. Endeiktik� apì mia katanom 

pou ja parousiasteÐ sthn enìthta §3.3.2.3 faÐnetai ìti perÐpou to 90% twn tim¸n eÐnai sto

eÔroc twn 0-4 moir¸n. Oi stratosfairikèc metadìseic qrhsimopoioÔn uyhl  epanaqrhsimopoÐh-

sh twn suqnot twn epitugq�nontac exairetik� mikr� megèjh kuyel¸n, sunep¸c kai auxhmènh

qwrhtikìthta. Oi kuyèlec pou sqhmatÐzontai apì touc dorufìrouc sth g inh epif�neia eÐnai

anagkastik� polÔ megalÔterec kai h qwrhtikìthta twn zeÔxewn periorismènh. H di�metroc twn

stratosfairik¸n kuyel¸n kumaÐnetai apì 1 èwc 10 Km, gia touc LEO dorufìrouc h antÐstoiqh

tim  eÐnai 50 Km, en¸ h kuyèlh pou sqhmatÐzetai apì gewstatikì dorufìro den mporeÐ na èqei

di�metro mikrìterh twn 400 Km.

Lìgw tou meg�lou Ôyouc troqi�c twn dorufìrwn, ta metadidìmena s mata upìkeintai se

kajuster seic pou ft�noun ta 250 me 300 msec. Oi kajuster seic autèc eÐnai apagoreutikèc

gia euruzwnikèc diadrastikèc efarmogèc, ìpou eÐnai krÐsimh h ègkairh l yh twn shm�twn. Ta

stratosfairik� sust mata leitourgoÔn polÔ plhsièstera sthn epif�neia thc ghc me apotèle-

sma na parousi�zoun amelhtèec kajuster seic di�doshc thc t�xhc twn 0.35 msec. Oi ap¸leiec

eleujèrou q¸rou eÐnai an�logec tou tetrag¸nou thc apìstashc pou dianÔei èna hlektroma-

gnhtikì kÔma. Epeid  ta doruforik� s mata kaloÔntai na taxidèyoun pollapl�sia apìstash

se sqèsh me ta stratosfairik�, eÐnai epìmeno na upofèroun apì megalÔterec aposbèseic.

Qarakthristik� anafèroume ìti sta 2 GHz o proôpologismìc zeÔxhc enìc stratosfairikoÔ

sust matoc pleonekteÐ kat� 34 dB se sqèsh me èna LEO dorufìro kai kat� 66 dB se sqèsh

me ènan GEO. Ta stratosfairik� sust mata uposthrÐzoun gr gorouc rujmoÔc metadìsewn
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pou ft�noun ta 155 Mbps. Oi gewstatikoÐ dorufìroi epitugq�noun exÐsou meg�lec taqÔthtec,

ìmwc oi dorufìroi qamhl c troqi�c leitourgoÔn thn proc ta k�tw zeÔxh sta 64 Mbps kai thn

proc ta �nw zeÔxh mìlic sta 2 Mbps.

Mia mìno platfìrma eÐnai ikan  na parèqei epikoinwnÐa se dedomènh perioq , en¸ to dÐktuo

mporeÐ stadiak� na epekteÐnetai sÔmfwna me tic apait seic k�luyhc kai qwrhtikìthtac. Sthn

perÐptwsh dorufìrwn qamhl c troqi�c qrei�zetai na ektoxeujoÔn polloÐ LEO dorufìroi pro-

toÔ to sÔsthma tejeÐ se leitourgÐa. Oi stratosfairikèc platfìrmec epanafèrontai sth Gh

arketèc forèc kat� th di�rkeia thc zw c touc gia èlegqo, sunt rhsh   episkeu . Me ton

trìpo autì exasfalÐzetai h swst  leitourgÐa touc kai par�llhla gÐnetai diark c anab�jmish

tou wfèlimou fortÐou. Stouc dorufìrouc den up�rqei tètoia dunatìthta. H dunamik  an�jesh

pìrwn kai h anaprosarmog  twn sqhm�twn epanaqrhsimopoÐhshc suqnìthtac se pragmatikì

qrìno kajistoÔn ta stratosfairik� sust mata idanik� gia exuphrèthsh perioq¸n me meta-

ballìmenec apait seic kÐnhshc. Sugqrìnwc apoteloÔn akìma èna sugkritikì pleonèkthma se

sqèsh me ta doruforik� sust mata epikoinwni¸n.

Par� to gegonìc ìti to kìstoc enìc StratosfairikoÔ DiktÔou den mporeÐ na problefjeÐ me

akrÐbeia, anamènetai na eÐnai qamhlìtero apì to kìstoc opoioud pote doruforikoÔ sust matoc.

Pr�gmati ta stratosfairik� sust mata den apaitoÔn mhqanismì ektìxeushc, oÔte polÔplokh

epÐgeia upodom . K�noun qr sh mikr¸n, fjhn¸n termatik¸n suskeu¸n   akìma kai tou sumba-

tikoÔ epÐgeiou exoplismoÔ. Akìma qrhsimopoioÔn enaèriec keraÐec polÔ mikrìterwn diast�sewn

apì ta meg�la parabolik� k�toptra pou fèroun oi doruforikoÐ anametadìtec.

Oi stratosfairikèc platfìrmec ekmetalleÔontai thn hliak  enèrgeia prokeimènou na ki-

noÔntai   na aiwroÔntai sth stratìsfaira. Den ektoxeÔontai apì th Gh ìpwc oi dorufìroi kai

sunep¸c den epibarÔnoun to perib�llon me kaÔsimh Ôlh. Oi meg�lec ap¸leiec eleujèrou q¸rou

sta doruforik� sust mata kajistoÔn aparaÐthth thn ekpomp  se uyhlèc st�jmec isqÔoc, pro-

keimènou oi dèktec na lamb�noun èna aniqneÔsimo s ma. Ta stratosfairik� sust mata èqoun

th dunatìthta na leitourgoÔn me qamhlìterh apaitoÔmenh isqÔ. Stic peript¸seic dorufìrwn

mikroÔ   mesaÐou Ôyouc eis�getai prìsjeth poluplokìthta sto sÔsthma apì ton kajorismì

kai èlegqo sÔnjetwn troqi¸n kÐnhshc. Oi stratosfairikèc platfìrmec paramènoun sqedìn

statikèc   kinoÔntai se mikrèc troqièc gÔrw apì dedomèno shmeÐo, opìte den apaitoÔn epiplèon

programmatismì. Oi stratosfairikèc platfìrmec mporoÔn na egkatastajoÔn kai na parèqoun

�mesa uphresÐec. AntÐjeta oi dorufìroi apaitoÔn th mesol�bhsh enìc meg�lou qronikoÔ dia-

st matoc apì thn kataskeu  wc thn ektìxeush kai th leitourgÐa touc epÐ troqi�c.
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PÐnakac 2.8: SÔgkrish EpÐgeiwn, Doruforik¸n kai Stratosfairik¸n Susthm�twn

Qarakthristikì EpÐgeia AsÔrmata Doruforik� Stratosfairik�

Kajustèrhsh qamhl  Prìblhma exasjènhshc qamhl 
Di�doshc stic epikoinwnÐec fwn c

gia GEO-MEO

Poiìthta DiaÔlou Rayleigh-dÐauloc, ap. free-space-like dÐauloc me free-space-like dÐauloc
Met�doshc èwc kai 50dB/dek�da Ricean dialeÐyeic, ap¸leiec me Ricean dialeÐyeic stic

kal  poiìthta s matoc me e¸c 20dB/dek�da id. apost. me ta epÐgeia
swst  topojèthsh keraÐac

An�ptuxh Stadiak  an�ptuxh Paroq  uphresi¸n Paroq  uphresi¸n
Sust matoc gia pl rh k�luyh mìno ìtan anaptuqjeÐ me mia platfìrma

pl rwc to sÔsthma kai epÐgeia upost rixh

Epèktash AÔxhsh Qwrhtikìthtac AÔxhsh Qwrhtikìthtac Spot-beam Resizing

Sust matoc me di�spash kuyel¸n me perissìterouc An�ptuxh platform¸n
dorufìrouc

Poluplokìthta Kinht� Termatik� KÐnhsh LEO-MEO Ast�jeia platfìrmac
lìgw kÐnhshc

K�luyh se esw- Ikanopoihtik  Mh efikt  K�luyh
terikoÔc q¸rouc k�luyh pijan 

EÔroc LÐga qiliìmetra 1/3 thc Ghc apì GEO e¸c kai 200 Km

gewgrafik c an� stajmì b�shc Pagkìsmia k�luyh an� platfìrma
k�luyhc apì MEO-LEO

Jèmata Qamhl c isqÔoc Uyhl c isqÔoc EpÐpeda isqÔoc parìmoia
prostasÐac ugeÐac termatik� termatik� me epÐgeia susthmata
apì ekpompèc (lìgw uyhl¸n apwlei¸n) (ektìc apo meg. per. kal.)

Kuyèlec 0.1-1 Km 50 Km gia LEOs �nw 1-10 Km

(Di�metroc) twn 400 Km gia GEOs

Kìstoc KumaÐnetai �nw twn �200 ek. gia GEO Pijan¸c
�5-10 ek. gia LEO �nw twn �50 ek.

SkÐash apì Probl mata sthn k�luyh Probl mata mìno stic Parìmoia me
perib�llon diad. Qr sh epanalhpt¸n qamhlèc gwn.anÔywshc doruforik�
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2.9.1 Genikèc T�seic sthn Exèlixh twn Stratosfairik¸n Thlepikoinwnia-
k¸n Susthm�twn

Ta teleutaÐa qrìnia parathreÐtai mia ragdaÐa an�ptuxh sthn perioq  twn radioepikoinwni¸n me

th qr sh stratosfairik¸n platform¸n. Aut  h t�sh antikatoptrÐzetai kai sta diejn  ereunh-

tik� progr�mmata ìpwc eÐnai h Eurwpaðk  Dr�sh 297, (COST 297, High Altitude Platforms

for Communications and Other Services, 2005-2009), me stìqo thn èreuna ston tomèa thc qr -

shc twn stratosfairik¸n platform¸n gia paroq  thlepikoinwniak¸n kai ìqi mìno uphresi¸n

[33], to diejnèc ereunhtikì prìgramma CAPANINA (IST 6o plaÐsio, 2004-2008), me stìqo thn

dhmiourgÐa enìc ubridikoÔ stratosfairikoÔ/doruforikoÔ/epÐgeiou thlepikoinwniakoÔ diktÔou

gia paroq  uphresi¸n tìso se astikèc ìso kai se gewgrafik� apomakrusmènec perioqèc [1].

'Entonh eÐnai kai h ereunhtik  drasthriìthta twn om�dwn ergasÐac thc ITU-R gia thn perÐo-

do 2003-2007 ìpwc diafaÐnetai kai apì tic erwt seic 212-2/9, 218-1/9, 251-1/4 pou proèkuyan

met� to pèrac tou pagkìsmiou sunedreÐou thlepikoinwni¸n WRC-2003 [38]. To 2003 oloklh-

r¸jhke to pr¸to eurwpaðkì dÐktuo stratosfairik¸n platform¸n HELINET (IST) 5o plaÐsio,

2000-2003) me efarmogèc ìpwc euruzwnikì asÔrmato dÐktuo epikoinwni¸n, periballontik  pa-

rakoloÔjhsh , plo ghsh kai entopismì jèshc [9].

Endiafèron parousi�zoun to prìgramma èreunac kai an�ptuxhc apì to 1998 e¸c s mera twn

ereunhtik¸n kèntrwn thc IapwnÐac (CRL (Communications Research Laboratory) kai TAO

(Yokosuka Research Center of Telecommunications Advancement Organization of Japan)),

pou perilamb�nei kai tic pr¸tec epituqeÐc dokimèc radiomet�doshc apì Ôyoc 20 Km (2002)

[16], kai to prìgramma èreunac kai an�ptuxhc gia Stratosfairikì DÐktuo paroq c kinht¸n

uphresi¸n 3hc geni�c kai stajer¸n uphresi¸n sthn z¸nh 48/47 GHz apì ta InstitoÔta Thle-

pikoinwni¸n kai Aerodiasthmik c thc Korèac (Electronics and Telecommunications Research

Institute (ETRI) and Korean Aerospace Research Institute (KARI)) [20].

Ja  tan polÔ endiafèron na doÔme se k�poia qrìnia èna dÐktuo apì stratosfairikèc plat-

fìrmec pou ja sundèei thlepikoinwniak� mikrèc kai meg�lec pìleic thc MesogeÐou, ìpwc autì

pou empneÔsthkan oi ereunhtèc tou progr�mmatoc HELINET (Sq ma 2.12) [9].
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Sq ma 2.12: Enopoihmèno Stratosfairikì DÐktuo Mesogeiak¸n Qwr¸n
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2.10 Sumper�smata

Ta Stratosfairik� DÐktua parousi�zoun ter�stiec dunatìthtec, autì èqei diafaneÐ apì ta

e¸c t¸ra ereunhtik� apotelèsmata, all� kai apì to suneqèc endiafèron twn ereunht¸n me

eidik� jèmata se diejn  periodik� [29], [30] kai diejn  sunèdreia [11]. Autì pou leÐpei e¸c

s mera eÐnai na apodeiqjeÐ h efarmosimìtht� touc se pragmatikèc sunj kec leitourgÐac, mèsw

peiramatik¸n metadìsewn makr�c di�rkeiac,   mèsw k�poiac efarmog c se opoiod pote mèroc

tou f�smatoc radiosuqnot twn sto opoÐo èqoun an�jesh (2.1 GHz, 31/28 GHz, 48/47 GHz).

Gia thn Ell�da kai tic q¸rec thc Eur¸phc, ja  tan shmantikì pèra apì thn an�jesh twn 48/47

GHz gia stajerèc uphresÐec, na up�rxei kai mia suntonismènh prosp�jeia gia thn eÔresh kai

miac nèac enallaktik c qamhlìterhc z¸nhc suqnot twn.

Sto parìn Kef�laio parousi�sthke h teleutaÐa lèxh thc teqnologÐac 4 twn stratosfairi-

k¸n platform¸n kai melet jhkan jèmata ìpwc:

MhqanismoÐ di�doshc sta 48/47 GHz : UpologÐsthke h sqèsh metaxÔ exasjènhshc lìgw

broq c se di�forec suqnìthtec kai thc mh diajesimìthtac gia epÐgeio stajmì SD pou leitourgeÐ

me sugkekrimènh gwnÐa me thn stratosfairik  platfìrma qrhsimopoi¸ntac to montèlo ITU-R

P.618. E�n h apaitoÔmenh diajesimìthta zeÔxhc eÐnai mikrìterh apì 99.5%, èna stratosfairikì

sÔsthma ja mporeÐ na parèqei to aparaÐthto perij¸rio zeÔxhc akìma kai stic uyhlèc suqnì-

thtec. EntoÔtoic, polÔ uyhloÐ stìqoi diajesimìthtac ìpwc 99.99%, eÐnai epiteÔximoi mìno stic

qamhlìterec z¸nec suqnot twn.

An�lush twn parembol¸n pou epibarÔnoun to SD, kai mègisth epitrept  parembol : Ta

SD basÐzontai se keraÐec pollapl¸n desm¸n kai moi�zoun sthn ousÐa san èna kuyelwtì sÔ-

sthma ìpou k�je dèsmh eÐnai mia kuyèlh. Kat� sunèpeia eÐnai polÔ shmantikì o sqediasmìc

tou diktÔou na gÐnetai me b�sh tic parembolèc pou mporeÐ na prokÔyoun anex�rthta apì ton

jermikì jìrubo kai ta fainìmena dialeÐyewn. Parousi�sthkan ìla ta eÐdh parembol c pou

epibarÔnoun èna SD, kai ex qjhsan ta epitrept� ìria omodiaulik c parembol c pou dèqetai

èna SD.

TÔpoi stratosfairik¸n platform¸n: Parousi�sthkan oi treic pio diadedomènec strato-

sfairikèc platfìrmec, ta hliak� trofodotoÔmena mh epandrwmèna aerosk�fh, ta aerìploia,

kai ta epandrwmèna aerosk�fh, kai ègine mia pr¸th sÔgkrish apì thn opoÐa diafaÐnontai epi-

4state-of-the-art, B�sh thlepikoinwniak¸n ìrwn, ELOT, OTE. www.moto-teleterm.gr
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kratèstera ta aerìploia.

Par�metroi radiok�luyhc apì stratosfairik  platfìrma: 'Eginan upologismoÐ gia tic duna-

tìthtec radiok�luyhc, kai thn orat  apìstash miac stratosfairik c platfìrmac. Endeiktik�

mia stratosfairik  platfìrma sta 25 Km mporeÐ na kalÔyei èna kÔklo aktÐnac 91 Km kai mia

epif�neia 25754 Km2, en¸ h orat  apìstash proseggÐzei ta 676 Km.

Arqitektonik  SD: H melèth sto plaÐsio thc diatrib c sthrÐzetai se di�taxh asterismoÔ

ìpwc proteÐnetai sthn sÔstash ITU-R F.1500, ìpou h platfìrma leitourgeÐ wc o kÔrioc exuph-

retht c. To fortÐo apoteleÐtai apì pollaplèc dèsmec proc thn Gh parèqontac epark  k�luyh

se mia kuklik  perioq  me di�metro k�luyhc e¸c kai 548 Km, exart¸menh apì thn gwnÐa

anÔywshc twn termatik¸n tou SD. Sthn enìthta aut  parousi�sthkan oi treic basikèc z¸-

nec leitourgÐac tou SD (Astik , Proastiak , Agrotik ), ta qarakthristik� ekpomp c kai

ta diagr�mmata aktinobolÐac twn kerai¸n twn epÐgeiwn stajm¸n (termatikoÐ qr stec, pulaÐoi

stajmoÐ), kai twn stratosfairik¸n platform¸n.

Ta dÔo krÐsima jèmata pou aforoÔn:

1. tic sunj kec sunÔparxhc twn Stratosfairik¸n DiktÔwn me ta prwteÔonta EpÐgeia kai

Doruforik� DÐktua,

2. thn ast�jeia twn stratosfairik¸n platform¸n kai tic sunèpeiec pou sunep�getai aut 

h adunamÐa stajer c kÐnhshc,

melet¸ntai ekten¸c sta epìmena dÔo Kef�laia.
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Nèec Mèjodoi SuntonismoÔ kai

An�ptuxh KrithrÐwn SunÔparxhc

metaxÔ EpÐgeiwn kai

Stratosfairik¸n DiktÔwn

3.1 Eisagwg 

Sto parìn kef�laio exet�zetai to perib�llon parembol¸n pou dhmiourgeÐtai metaxÔ tou Stra-

tosfairikoÔ DiktÔou (SD) kai tou EpÐgeiou DiktÔou (ED), kai parousi�zetai mia nèa

mèjodoc suntonismoÔ gia to sen�rio twn parembol¸n pou prokaloÔntai apì tic ekpompèc isqÔoc

thc k�tw zeÔxhc (stratìsfaira-proc-Gh) twn SD proc touc dèktec tou ED. Sth sunèqeia pro-

teÐnetai èna jewrhtikì montèlo ektÐmhshc thc ajroistik c parembol c pou prokaleÐtai apì touc

epÐgeiouc stajmoÔc tou SD proc stajmì tou ED, me b�sh to opoÐo melet¸ntai nèec apost�seic

suntonismoÔ metaxÔ epÐgeiou dèkth kai tou shmeÐou nadÐr thc stratosfairik c platfìrmac.

'Opwc proanafèrjhke sthn §2.4, to SD mporeÐ na leitourg sei stic sugkekrimènec perioqèc

thc DiejnoÔc 'Enwshc Thlepikoinwni¸n,   stic sugkekrimènec q¸rec pou kajorÐzontai sthn

anafor� [20] me ta Ðdia dikai¸mata pou èqoun kai ta dÐktua me prwteÔousa an�jesh se autèc

tic perioqèc, me thn basik  ìmwc proôpìjesh na èqei exasfalisteÐ ìti h leitourgÐa touc den

prokaleÐ anepÐtrepta epÐpeda parembol c sta prwteÔonta dÐktua. H koin  leitourgÐa twn dÔo
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diktÔwn mporeÐ na odhg sei sthn prìklhsh anepijÔmhtwn parembol¸n kai thn diakop  thc

omal c kai stajer c leitourgÐac twn ED all� kai twn SD. Oi diaforetikoÐ trìpoi me touc

opoÐouc oi stajmoÐ tou ED mporoÔn na paremb�lloun kai na paremb�llontai se/apì èna SD

apeikonÐzontai sto Sq ma 3.1. 
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Sq ma 3.1: Diadromèc Di�doshc Parembol c metaxÔ tou EpÐgeiou DiktÔou kai tou StratosfairikoÔ
DiktÔou

'Opwc èqei  dh anaferjeÐ, h melèth èqei epikentrwjeÐ stic suqnìthtec twn 47.2-47.5 GHz

kai 47.9-48.2 GHz, oi opoÐec èqoun ekqwrhjeÐ apì thn ITU-R gia thn leitourgÐa tou SD gia

paroq  stajer¸n uphresi¸n stic q¸rec thc Eur¸phc. To SD èqei suqnìthta �nw zeÔxhc f1

(an�jesh sta 47.9-48.2 GHz) kai k�tw zeÔxhc f2 (an�jesh sta 47.2-47.5 GHz). To ED èqei

suqnìthta leitourgÐac f3 (an�jesh sta 47.2-50.2 GHz).

Oi diadromèc di�doshc parembol c pou prokaloÔntai apì thn leitourgÐa tou SD eÐnai dÔo:

oi diadromèc A1 kai A2. H diadrom  A1 anafèretai stic parembolèc pou prokaloÔntai apì

tic platfìrmec tou SD proc touc dèktec tou ED. H parembol  gÐnetai sthn suqnìthta k�tw

zeÔxhc tou SD f2. H diadrom  A2 anafèretai stic parembolèc pou prokaloÔntai apì touc

epÐgeiouc stajmoÔc tou SD proc touc dèktec tou ED. H parembol  gÐnetai sthn suqnìthta

�nw zeÔxhc tou SD f1.
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Oi diadromèc di�doshc parembol c pou prokaloÔntai apì thn leitourgÐa tou ED eÐnai oi

B1 kai B2. H diadrom  B1 anafèretai stic parembolèc pou prokaloÔntai apì touc stajmoÔc

tou ED proc touc epÐgeiouc stajmoÔc tou SD. H diadrom  B2 anafèretai stic parembolèc pou

prokaloÔntai apì touc stajmoÔc tou ED proc tic stratosfairikèc platfìrmec. Kai sta dÔo

sen�ria h parembol  gÐnetai sthn suqnìthta leitourgÐac tou ED f3.

Sth sunèqeia tou kefalaÐou analÔontai kai suzht¸ntai ekten¸c ìlec oi diadromèc di�doshc

parembol c metaxÔ tou SD kai tou ED, kai gÐnetai mèleth gia k�je èna apì ta sen�ria kai

tic eidikèc tou paramètrouc. Perigr�fontai epÐshc oi mèjodoi pou proteÐnontai all� kai autèc

pou efarmìzontai diejn¸c gia thn epÐteuxh armonik c sunÔparxhc metaxÔ twn dÔo diktÔwn,

lamb�nontac upìyh ta idiaÐtera qarakthristik� kai tic sunj kec leitourgÐac tou k�je diktÔou.

IdiaÐterh èmfash dÐnetai stic parembolèc pou prokaleÐ to SD, kai sthn prostasÐa twn stajm¸n

tou ED.

Sthn §3.2 gÐnetai ekten c anafor� sta eÐdh twn EpÐgeiwn DiktÔwn pou up�rqoun s mera.

'Emfash dÐnetai sta teqnik� qarakthristik� twn ED pou leitourgoÔn sthn qiliostometrik 

z¸nh suqnot twn sÔmfwna me thn ITU-R. EpÐshc analÔontai oi stìqoi diajesimìthtac kai

leitourgik¸n laj¸n gia ìla ta eÐdh ED kai h mègisth epitrept  upob�jmish stouc proanafe-

rìmenouc stìqouc thn opoÐa mporeÐ na deqteÐ èna ED lìgw parembol¸n apì �lla sust mata

pou leitourgoÔn stic Ðdiec suqnìthtec.

Sthn §3.3 exhgeÐtai giatÐ ta up�rqonta krit ria den eparkoÔn kai proteÐnetai mia nèa mèjodoc

suntonismoÔ pou afor� tic parembolèc pou prokaloÔntai apì tic ekpompèc isqÔoc thc k�tw

zeÔxhc (stratìsfaira-proc-Gh) twn SD proc touc dèktec tou ED.

H mèjodoc aut  afor� sthn eÔresh apost�sewn diaqwrismoÔ metaxÔ thc perioq c k�luyhc

tou SD kai thc perioq c leitourgÐac tou ED, kai basÐzetai stic akìloujec paramètrouc:

• Enswm�twsh thc kÐnhshc thc stratosfairik c platfìrmac. Melet¸ntai ta trÐa basik�

montèla kÐnhshc pou up�rqoun sth diejn  bibliografÐa kai epilègetai to bèltisto wc

proc thn prokaloÔmenh st�jmh omodiaulik c parembol c proc ton dèkth tou ED.

• Melèth thc epÐdrashc thc parembol c se ìrouc klasmatik c upob�jmishc thc leitourgÐac

tou paremballìmenou diktÔou, me dedomènh th qronometablht  fÔsh thc sugkekrimènhc

diadrom c di�doshc parembol c.

• An�lush me prosèggish stadiak� anaptussìmenou SD, susqetÐzontac to posostì an�-
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Sq ma 3.2: Montèlo Proteinìmenhc Mejìdou

ptuxhc tou SD me ton arijmì twn epÐgeiwn termatik¸n tou SD sthn astik , proastiak 

kai agrotik  perioq  k�luyhc, kaj¸c kai me ton arijmì twn pulaÐwn stajm¸n sthn astik 

kai proastiak  perioq  k�luyhc.

• Qr sh katanom c gwni¸n anÔywshc twn zeÔxewn tou ED, h opoÐa ex�getai apì pragma-

tikì deÐgma 1224 zeÔxewn sthn eurÔterh perioq  thc Attik c.

Sthn §3.3.3 parousi�zontai ta apotelèsmata twn prosomoi¸sewn pou pragmatopoi jhkan

me b�sh thn proteinìmenh mèjodo, gia ton qarakthrismì thc klasmatik c upob�jmishc thc

leitourgÐac tou ED lìgw parembol¸n apì SD se realistikì perib�llon an�ptuxhc twn dÔo

diktÔwn kai oi apost�seic diaqwrismoÔ pou ex�gontai metaxÔ thc perioq c k�luyhc tou SD kai

thc perioq c leitourgÐac tou ED oi opoÐec exasfalÐzoun apodotikìterec sunj kec sunÔparxhc

metaxÔ twn dÔo diktÔwn.

H §3.4 eÐnai afierwmènh sth melèth thc diadrom c di�doshc parembol c A2. Parousi�zontai

ta up�rqonta krit ria sunÔparxhc, apì ta opoÐa diafaÐnetai ìti h sunÔparxh tou ED kai tou

SD se koin  perioq  kai suqnìthta parousi�zei shmantik  duskolÐa lìgw tou meg�lou oratoÔ

pedÐou thc stratosfairik c platfìrmac. Peraitèrw melèth ja  tan shmantik  gia thn eÔresh

epiprìsjetwn leitourgik¸n senarÐwn kai teqnik¸n pou ja dieukolÔnoun thn sunÔparxh twn

stajm¸n tou ED kai tou SD sthn qiliostometrik  z¸nh.

Sth logik  aut  proteÐnetai èna jewrhtikì montèlo ektÐmhshc thc ajroistik c parembol c

pou prokaleÐtai apì touc epÐgeiouc stajmoÔc tou SD proc stajmì tou ED, me b�sh to opoÐo

melet¸ntai nèec apost�seic suntonismoÔ metaxÔ epÐgeiou dèkth kai tou shmeÐou nadÐr thc stra-

tosfairik c platfìrmac [37]. H melèth aut  gÐnetai gia thn astik  z¸nh. Sthn perÐptwsh

thc proastiak c kai agrotik c z¸nhc diapist¸jhke ìti h sunÔparxh twn epÐgeiwn stajm¸n twn

dÔo diktÔwn eÐnai efikt  akìma kai sthn Ðdia perioq  k�luyhc. Gia autì to lìgo melet�tai h
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pijanìthta sunÔparxhc twn stajm¸n tou ED kai twn stajm¸n tou SD, sthn perÐptwsh pou oi

pr¸toi anaptÔssontai se tuqaÐec jèseic mèsa sthn proastiak  perioq , kai mèsa sthn agrotik 

perioq  k�luyhc tou SD.

Sthn §3.5 perigr�fontai ta up�rqonta krit ria thc ITU-R gia thn sunÔparxh metaxÔ tou

ED kai tou DD, ta opoÐa ja mporoÔsan na uiojethjoÔn kai gia tic diadromèc di�doshc pa-

rembol c B1, B2 lamb�nontac upìyh ta idiaÐtera qarakthristik� twn stajm¸n tou SD. Stic

§3.5.2, 3.5.3 perigr�fontai to plaÐsio thc arqik c melèthc [35], [36] kai ta apotelèsmata gia

th diadrom  di�doshc parembol c B1 (parembol  apì stajmì tou ED proc epÐgeio stajmì tou

SD) kai B2 (parembol  apì stajmì tou ED proc stratosfairik  platfìrma) antÐstoiqa. Sto

tèloc k�je enìthtac katagr�fontai ta sumper�smata pou ex�gontai apì aut  th melèth kaj¸c

kai apì thn up�rqousa melèth thc ITU-R [19].
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3.2 Stajer� EpÐgeia DÐktua

3.2.1 An�ptuxh kai KathgorÐec DiktÔwn

O meg�loc antagwnismìc pou epikrateÐ ta teleutaÐa qrìnia ston tomèa twn thlepikoinwni¸n

èqei odhg sei sthn taqeÐa an�ptuxh asÔrmatwn EpÐgeiwn DiktÔwn (ED), eÐte gia thn paroq 

stajer c asÔrmathc prìsbashc gia th diasÔndesh sundromht¸n, eÐte epikourik� wc upost rixh

twn  dh uparqìntwn thlepikoinwniak¸n diktÔwn. H apaÐthsh gia thn an�ptuxh nèwn asÔrma-

twn teqnologi¸n prostÐjetai stic  dh anaptugmènec upodomèc stajer¸n asÔrmatwn diktÔwn,

ta opoÐa qrhsimopoioÔntai ed¸ kai kairì apì polloÔc parìqouc san mèroc tou stajeroÔ thle-

fwnikoÔ diktÔou PSTN kai gia �llec efarmogèc [4].

H megalÔterh aÔxhsh stic anajèseic suqnot twn gia asÔrmata ED ta teleutaÐa qrìnia

proèrqetai apì ton tomèa thc upost rixhc stic upodomèc twn dhmìsiwn kinht¸n diktÔwn, ìpou

o katagegrammènoc arijmìc zeÔxewn shmeÐou proc shmeÐo (Point-to-Point, PP links) aux jhke

kat� 141% apì to 1997 èwc to 2001. H paroq  upost rixhc stic upodomèc mèsw zeÔxewn

shmeÐou proc pollapl� shmeÐa (Point-to-MultiPoint, PMP links) (ìpwc gia par�deigma ta

dÐktua stajer c asÔrmathc prìsbashc) aux jhke epÐshc shmantik�, lìgw thc qr shc touc

san enallaktik  epilog  se perib�llonta me meg�lh puknìthta stajm¸n b�sewn (p.q. se

astikèc perioqèc).

H t�sh aut  thc an�ptuxhc twn EpÐgeiwn DiktÔwn ta teleutaÐa qrìnia upogrammÐzei thn

prosoq  pou ja prèpei na dojeÐ ¸ste na exasfalistoÔn oi bèltistec sunj kec gia thn armonik 

touc sunÔparxh me ta �lla dÐktua pou qrhsimopoioÔn tic Ðdiec z¸nec suqnot twn.

Oi stajerèc epÐgeiec zeÔxeic parèqoun diasÔndesh metaxÔ dÔo   perissìterwn shmeÐwn gia

thn paroq  thlepikoinwniak¸n uphresi¸n ìpwc th met�dosh fwn c, video   dedomènwn. Qr sh

tètoiwn diktÔwn k�noun oi etaireÐec paroq c thlepikoinwniak¸n uphresi¸n (upodom , dÐktuo

kormoÔ k.�.), meg�lec om�dec qrhst¸n (idiwtik� asÔrmata dÐktua, prìsbash se apomakrusmè-

nec perioqèc) kai idiwtikoÐ qr stec (prìsbash sundromht  sto stajerì thlefwnikì dÐktuo  

se �lla dÐktua).
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Ta stajer� EpÐgeia DÐktua diakrÐnontai stic ex c kathgorÐec:

1. Ta dÐktua kormoÔ makrin c diadrom c.

Ta dÐktua aut� apoteloÔn pijanìn thn pio sunhjismènh efarmog  stajer¸n ED. Tè-

toia dÐktua qrhsimopoi jhkan arqik� gia th met�dosh thlefwnik c kÐnhshc se makrinèc

apost�seic metaxÔ twn topik¸n kèntrwn mèsa sto ejnikì stajerì thlefwnikì dÐktuo

PSTN. Suqn� apoteloÔn mèroc diejn¸n thlepikoinwniak¸n sundèsewn. Ta dÐktua aut�

dhmiourgoÔntai apì meg�lec alusÐdec zeÔxewn meg�lhc qwrhtikìthtac (suqn� me poll�

par�llhla kan�lia) me èna mèso m koc an� zeÔxh 40-50 Km   kai perissìtero. Lìgw twn

meg�lwn apost�sewn kai thc meg�lhc qwrhtikìthtac twn kanali¸n, ta dÐktua makrin c

diadrom c leitourgoÔn stic z¸nec suqnot twn kont� sta 4 kai sta 6 GHz. K�poia dÐktua

wstìso, leitourgoÔn sta 7/8 GHz   sta 11 GHz. S mera, tètoia dÐktua qrhsimopoioÔn-

tai mìno san upost rixh se �llouc tÔpouc diktÔwn (kurÐwc diktÔwn optik¸n in¸n) gia na

parèqoun efedrikìthta sto ejnikì dÐktuo   se peript¸seic ìpou den eÐnai efikt  h qr sh

optik¸n in¸n gia th diasÔndesh k�poiac perioq c. Autì shmaÐnei ìti tètoia dÐktua eÐnai

pijanì na up�rqoun gia arket� qrìnia akìma, all� h an�ptuxh touc anamènetai na eÐnai

arg .

2. Ta dÐktua upost rixhc upodom¸n.

Ta dÐktua upost rixhc upodom¸n qrhsimopoioÔntai kurÐwc gia th diasÔndesh metaxÔ dÔo  

perissìterwn kèntrwn metagwg c kai poll¸n kìmbwn se di�fora epÐpeda thlepikoinwnia-

k¸n diktÔwn ìpwc eÐnai ta dhmìsia kinht� thlefwnik� dÐktua (Public Mobile Telephony

Networks)   ta dÐktua stajer c asÔrmathc prìsbashc (FWA). Ta dÐktua aut� xeqwrÐ-

zoun apì ta dÐktua kormoÔ lìgw thc parousÐac pollapl¸n epipèdwn kai diaforetik¸n

diat�xewn diasÔndeshc. Oi diat�xeic diakrÐnontai se alusÐdec pou sundèoun apomakrusmè-

na tm mata tou diktÔou, daktulÐouc dromolìghshc kai sunduasmoÔc daktulÐou/astèra

diktÔwn gia th diasÔndesh poll¸n stajm¸n b�sewn (  �llwn eid¸n termatik¸n staj-

m¸n) me ta topik� kèntra metagwg c   poluplexÐac. Oi rujmoÐ met�doshc mèsw tètoiwn

diktÔwn kumaÐnontai apì 2 Mbps mèqri NxSTM-1 (155-655 Mbps). Sthn ousÐa ìlec

oi diajèsimec suqnìthtec gia asÔrmata dÐktua ja mporoÔsan na qrhsimopoihjoÔn kai

qrhsimopoioÔntai apì dÐktua upost rixhc upodom¸n.

3. Ta dÐktua stajer c asÔrmathc prìsbashc.

Ta dÐktua stajer c asÔrmathc prìsbashc èqoun sqediasteÐ gia thn paroq  apeujeÐac

sÔndeshc metaxÔ tou termatikoÔ exoplismoÔ enìc qr sth kai tou diktÔou tou parìqou
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k�poiwn thlepikoinwniak¸n uphresi¸n (thlefwnikì dÐktuo, dÐktuo met�doshc dedomènwn).

QrhsimopoioÔn thn asÔrmath teqnologÐa shmeÐou proc shmeÐo kai shmeÐou proc pollapl�

shmeÐa gia na exuphret soun èna meg�lo arijmì qrhst¸n mèsa sthn perioq  k�luyhc enìc

stajmoÔ b�shc. H basik  dom  eÐnai aut  enìc kuyelwtoÔ sust matoc enswmatwmèno se

èna sen�rio akÐnhtwn termatik¸n stajm¸n. Ta dÐktua stajer c asÔrmathc prìsbashc

stoqeÔoun sthn paroq  enallaktik¸n lÔsewn se peript¸seic ìpou h qr sh q�lkinwn

kalwdÐwn eÐnai adÔnath. QrhsimeÔoun gia thn paroq  uphresi¸n tìso stenoÔ eÔrouc

z¸nhc ìso kai euruzwnik¸n uphresi¸n ìpwc met�dosh polumèswn.

3.2.2 Teqnik� Qarakthristik� Tupik¸n EpÐgeiwn DiktÔwn sthn Qiliosto-
metrik  Z¸nh (ITU-R)

'Enac apì touc pio shmantikoÔc par�gontec gia thn diexagwg  axiìpistwn sumperasm�twn ka-

t� thn melèth parembol¸n kai thn an�ptuxh krithrÐwn sunÔparxhc metaxÔ tou SD 1 kai tou

ED eÐnai ta teqnik� qarakthristik� tou k�je sust matoc. Up�rqei mia meg�lh poikilÐa su-

sthm�twn anametadìsewn pou leitourgoÔn   anaptÔssontai gia na ikanopoi soun mellontikèc

apait seic. Epilèxame na qrhsimopoi soume wc sÔsthma anafor�c gia thn melèth, ta teqni-

k� qarakthristik� pou proteÐnei h ITU-R gia epÐgeia sust mata pou leitourgoÔn sthn z¸nh

suqnot twn metaxÔ 47.2 kai 50.2 GHz [6].

Oi basikèc par�metroi pou apaitoÔntai gia thn melèth parembol c se/apì �lla sust mata

eÐnai h suqnìthta tou fèrontoc, ta fasmatik� qarakthristik�, h isodÔnamh isotropik� aktino-

boloÔmenh isqÔc, to montèlo aktinobolÐac thc keraÐac, h st�jmh jermikoÔ jorÔbou tou dèkth,

to IF eÔroc z¸nhc suqnot twn, h lambanìmenh isqÔc shm�twn gia diaforetikèc timèc BER (yh-

fiak� sust mata), to onomastikì epÐpedo eisìdou dekt¸n ka. Ston PÐnaka 3.2 parousi�zontai

oi basikèc par�metroi twn susthm�twn pou qrhsimopoioÔntai sthn melèth thc Diatrib c.

Ja prèpei na shmeiwjeÐ ìti sth melèth pou akoloujeÐ kai afor� tic parembolèc pou dè-

qetai to ED apì to SD, qrhsimopoioÔme ta teqnik� qarakthristik� twn Stajm¸n 3 kai 4,

kaj¸c ìpwc ja analÔsoume sthn §3.2.4, eÐnai kai oi pio eu�lwtoi stic parembolèc. Stic peri-

pt¸seic pou melet�me tic parembolèc pou prokaleÐ to ED sto SD, tìte lamb�nontai upìyh

ta qarakthristik� tou StajmoÔ 1 pou emfanÐzei thn megalÔterh tim  isodÔnamhc isotropik�

aktinoboloÔmenhc isqÔoc.

1Ta teqnik� kai leitourgik� qarakthristik� tou SD melet jhkan sto Kef�laio 2.
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PÐnakac 3.1: Proteinìmena epÐgeia sust mata apì thn ITU-R sthn V-z¸nh

AsÔrmata EpÐgeia Sust mata - Qarakthristik� apì ITU-R

Z¸nh Suqnot twn (GHz) 47.2 - 50.2

TÔpoc stajmoÔ Stajmìc 1 Stajmìc 2 Stajmìc 3 Stajmìc 4

Diamìrfwsh 2-FSK 4-QAM 16-QAM 256-QAM

Qwrhtikìthta 1.544 Mbit/s 44.736 Mbit/s 90 Mbit/s 310 Mbit/s

Diaqwrismìc kanali¸n (MHz) 5 50 50 50

Kèrdoc keraÐac (mègisto) (dBi) 46 46 46 46

Ap¸leiec trofodosÐac (el�qisth) (dB) 0 0 0 0

TÔpoc keraÐac Parabolikì Parabolikì Parabolikì Parabolikì

Mègisth isqÔc exìdou Tx (dBW) -11 -12 -2 -2

E.I.R.P. (mègisth) (dBW/MHz) 28 17 27 27

EÔroc z¸nhc dèkth IF (MHz) 2 50 50 50

Jermikìc jìruboc dèkth (dBW) -130 -114 -122 -122

Rx epÐpedo eisìdou gia 1x10−3 BER (dBW) -122 -105 -106 -94

3.2.3 Stìqoi leitourgÐac

AparaÐthth proupìjesh gia thn an�ptuxh axiìpistwn krithrÐwn sunÔparxhc kai thn realistik 

an�lush parembol¸n metaxÔ dÔo diaforetik¸n thlepikoinwniak¸n diktÔwn eÐnai h ikanopoÐhsh

twn stìqwn leitourgÐac pou èqoun kajoristeÐ apì thn ITU-T kai thn ITU-R gia to k�je

dÐktuo. Oi stìqoi autoÐ èqoun kajoristeÐ lamb�nontac upìyh thn oloèna auxanìmenh qr sh

radiof�smatoc. Up�rqoun pollèc sust�seic pou sqetÐzontai me touc sunolikoÔc leitourgikoÔc

stìqouc gia di�fora eÐdh uphresi¸n kai gia di�fora eÐdh zeÔxewn. Oi kuriìteroi stìqoi eÐnai

h diajesimìthta kai o rujmìc leitourgik¸n laj¸n ìpwc perigr�fontai analutik� stic epìmenec

enìthtec.

3.2.3.1 Stìqoi Diajesimìthtac

Oi stìqoi sth diajesimìthta kat� to sqediasmì enìc asÔrmatou epÐgeiou sust matoc èqoun

kajoristeÐ sthn sÔstash ITU-T F.557 [1]. SÔmfwna me th sÔstash aut , o stìqoc sth dia-

jesimìthta gia èna upojetikì analogikì kÔklwma anafor�c (Hypothetical Reference Circuit,
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HRC) m kouc 2500 km kai gia mÐa yhfiak  diadrom  anafor�c (Hypothetical Reference Digital

Path, HRDP) m kouc 2500 km prèpei na eÐnai 99,7% tou qrìnou. To % posostì upologÐzetai

gia èna qronikì di�sthma, arket� meg�lo ¸ste na eÐnai statistik¸c orjì. Sun jwc autì to

qronikì di�sthma eÐnai megalÔtero apì èna ètoc all� h perÐptwsh aut  eÐnai akìma upì exèta-

sh. EpÐshc, ja prèpei na anaferjeÐ ìti h tim  diajesimìthtac 99,7% eÐnai endeiktik . Sun jwc,

h diajesimìthta enìc epÐgeiou sust matoc kumaÐnetai apì 99,5% èwc 99,9%. H akrib c tim 

diajesimìthtac mèsa se autì to eÔroc exart�tai apì touc sugkekrimènouc par�gontec pou epi-

droÔn sth zeÔxh, ìtan lhfjoÔn upìyh oi topikèc sunj kec (to perib�llon kai oi mhqanismoÐ

di�doshc tou s matoc, h gewgrafik  jèsh twn stajm¸n, h katanom  tou plhjusmoÔ).

Gia èna analogikì thlepikoinwniakì sÔsthma, h perÐodoc mh diajesimìthtac xekin� ìtan,

gia toul�qiston mia apì tic dÔo kateujÔnseic met�doshc, mÐa toul�qiston apì tic parak�tw

sunj kec sumbaÐnei gia toul�qiston 10 suneqìmena deuterìlepta:

• to epÐpedo twn suqnot twn basik c z¸nhc pèftei to ligìtero kat� 10 dB k�tw apì to

epÐpedo anafor�c,

• gia èna thlefwnikì kan�li, h mh stajmismènh isqÔc jorÔbou (unweighted noise power)

gia qrìno 5 ms eÐnai megalÔterh apì 106 pW0.

Gia èna yhfiakì thlepikoinwniakì sÔsthma, h perÐodoc mh diajesimìthtac xekin� met� apì

10 suneqìmena exairetik� lanjasmèna deuterìlepta (Severely Errored Seconds, SES), toul�-

qiston kat� th mÐa kateÔjunsh met�doshc. Aut� ta 10 deuterìlepta jewroÔntai mh diajèsimoc

qrìnoc. O orismìc twn SES up�rqei stic sust�seic ITU-T G.821 kai G.826. Mia nèa perÐodoc

diajèsimou qrìnou xekin�ei met� apì 10 suneqìmena mh exairetik� lanjasmèna deuterìlepta

(non-SES) kai gia tic dÔo kateujÔnseic thc met�doshc. Aut� ta 10 deuterìlepta jewroÔn-

tai diajèsimoc qrìnoc. SÔmfwna me touc parap�nw orismoÔc, h sunolik  diajesimìthta miac

zeÔxhc dÐnetai apì ton tÔpo:

A = 100 [1− {(T1 + T2 − Tb)/Te}] (3.2.1)

ìpou:

A: h % diajesimìthta thc zeÔxhc,

T1: o sunolikìc mh diajèsimoc qrìnoc sth mia kateÔjunsh met�doshc,
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T2: o sunolikìc mh diajèsimoc qrìnoc sth antÐjeth kateÔjunsh met�doshc,

Tb eÐnai o mh diajèsimoc qrìnoc gia amfÐdromh met�dosh,

Te eÐnai h perÐodoc ektÐmhshc thc diajesimìthtac.

Gia mh amfÐdromh met�dosh, isqÔei: T2 = 0, Tb = 0

Se sen�ria parembol¸n pou emperièqoun qronometablht� fainìmena kai melet¸ntai kalÔ-

tera me thn prosomoÐwsh kai thn exagwg  RF statistik¸n, mporeÐ na gÐnei mia aplousteumènh

prosèggish gia ton upologismì tou mh diajèsimou qrìnou. Efìson upotejeÐ ìti h mình diajè-

simh plhroforÐa gia th zeÔxh eÐnai h sun�rthsh puknìthtac pijanìthtac (probability density

function, pdf) tou lìgou C/(N + I), h mh diajesimìthta mporeÐ na upologisteÐ wc to posostì

tou qrìnou ìpou o rujmìc lanjasmènwn yhfÐwn (BER) xepern� to 10−3. O mh diajèsimoc

qrìnoc TU orÐzetai loipìn wc ex c:

TU = NS

x∑

i=a

pdfi (3.2.2)

ìpou:

NS : o sunolikìc qrìnoc thc prosomoÐwshc se sec,

pdfi: h upologismènh sun�rthsh puknìthtac pijanìthtac tou lìgou C/(N + I)

a: h mikrìterh tim  tou lìgou C/(N + I) sthn katanom 

x: h tim  tou lìgou C/(N + I) pou antistoiqeÐ se BER = 10−3

H ekatostiaÐa mh diajesimìthta eÐnai loipìn: 100TU/NS

Oi sqediastèc thlepikoinwniak¸n diktÔwn ja prèpei na lamb�noun upìyh touc ìlec tic aitÐec

diakop c   upobibasmoÔ thc poiìthtac thc zeÔxhc, oi opoÐec ephre�zoun th diajesimìthta tou

sust matoc. Oi kuriìteroi lìgoi mh diajesimìthtac se asÔrmata thlepikoinwniak� sust mata

eÐnai oi ex c:

• apotuqÐa   upobibasmìc tou asÔrmatou exoplismoÔ sumperilambanomènwn twn kwdiko-

poiht¸n kai twn apokwdikopoiht¸n,
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• apotuqÐa tou deutereÔontoc exoplismoÔ,

• apotuqÐa tou exoplismoÔ paroq c hlektrik c isqÔoc,

• apotuqÐa thc keraÐac   tou trofodotht .

Ta asÔrmata dÐktua nèac teqnologÐac èqoun sqediasteÐ me tètoio trìpo ¸ste na eÐnai

idiaÐtera axiìpista. O mèsoc qrìnoc metaxÔ apotuqi¸n (Mean Time Between Failures, MTBF)

eÐnai exairetik� meg�loc en¸ h mh diajesimìthta tou sust matoc exart�tai kurÐwc apì to mèso

qrìno apokat�stashc thc apotuqÐac (Mean Time To Restore, MTTR). S' èna tupikì sÔsthma,

h mh diajesimìthta lìgw apotuqÐac tou exoplismoÔ eÐnai thc t�xhc tou 0,01% [2]. Aut  h tim 

jewreÐtai antiproswpeutik . O mèsoc qrìnoc metaxÔ apotuqi¸n eÐnai thc t�xhc 104 wr¸n

en¸ o mèsoc qrìnoc apokat�stashc miac apotuqÐac eÐnai thc t�xhc k�poiwn dek�dwn wr¸n. Gi'

autì, gia th mètrhsh thc diajesimìthtac enìc sust matoc, qrhsimopoioÔntai meg�la diast mata

mètrhshc, ìpwc p.q. èna ètoc.

Oi diakopèc enìc sust matoc pou ofeÐlontai se meg�lo bÔjisma tou s matoc lìgw polu-

diadromik c di�doshc diarkoÔn tic perissìterec forèc ligìtero apì 10 sec. Wstìso, k�poiec

forèc diarkoÔn perissìtero, me apotèlesma na prokaloÔn th mh diajesimìthta tou sust -

matoc. H paratetamènh atmosfairik  katakr mnish   apìsbesh tou s matoc lìgw isqur c

broqìptwshc   qionioÔ diarkeÐ sun jwc meg�lo qronikì di�sthma kai prokaleÐ mh diajesimì-

thta se asÔrmata sust mata ta opoÐa leitourgoÔn se suqnìthtec megalÔterec apì 10 GHz.

EÐnai dunatì na exaqjoÔn statistikèc prìbleyhc sta fainìmena di�doshc efarmìzontac touc

tÔpouc kai tic mejìdouc pou perigr�fontai sth seir� P twn ITU-R Recommendations. EpÐshc,

mia pou h pijanìthta gia meg�lh apìsbesh tou s matoc eÐnai genik� polÔ mikr , o qrìnoc mh

diajesimìthtac mporeÐ na diafèrei apì qrìno se qrìno.

O mh problèyimoc jìruboc, o opoÐoc proèrqetai apì phgèc exwterikèc wc proc to parem-

ballìmeno sÔsthma, mporeÐ na prokalèsei mh diajesimìthta sto sÔsthma ìtan h isqÔc tou

xeper�sei èna sugkekrimèno kat¸fli. Se autì to eÐdoc diakop c sumperilamb�netai kai o

jìruboc pou proèrqetai apì parembolèc apì radars kai doruforik� sust mata me an¸malh

di�dosh. EpÐshc, fusikèc katastrofèc ìpwc seismoÐ mporeÐ na prokalèsoun thn kat�rreush

ktirÐwn kai th diakop  thc leitourgÐac twn asÔrmatwn diktÔwn. Tèloc, h anjr¸pinh parèmbash

kat� th di�rkeia sunt rhshc tou diktÔou ja prèpei epÐshc na lhfjeÐ upìyh mia pou prokaleÐ

mh diajesimìthta sto sÔsthma. To posostì suneisfor�c kajenìc apì touc parap�nw par�-

gontec sth mh diajesimìthta tou sust matoc eÐnai polÔ dÔskolo na upologisteÐ me akrÐbeia
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kai na montelopoihjeÐ. Wstìso, ja prèpei na lamb�nontai sobar� upìyh kat� to sqediasmì

tou sust matoc.

3.2.3.2 Stìqoi Leitourgik¸n Laj¸n

Ta leitourgik� l�jh gia yhfiak� asÔrmata epÐgeia sust mata mporoÔn na metrhjoÔn me ta

ex c megèjh:

1. lìgoc lanjasmènwn deuterolèptwn - Errored Seconds Ratio (ESR),

2. lìgoc exairetik� lanjasmènwn deuterolèptwn - Severely Errored Seconds Ratio (SESR),

3. lìgoc lanjasmènwn blocks ston diajèsimo qrìno - Background Block Error Ratio (BBER).

Sthn sÔstash ITU-T G.826 orÐzetai èna lanjasmèno deuterìlepto (Errored Second, ES)

wc: h perÐodoc enìc deuterolèptou me èna   perissìtera lanjasmèna blocks,   me èna toul�qi-

ston el�ttwma. 'Ena lanjasmèno block orÐzetai wc to block me èna   perissìtera lanjasmèna

bits. Ston upologismì tou lìgou lanjasmènwn deuterolèptwn, lamb�noume upìyh mac mìno

to diajèsimo qrìno. 'Etsi, o lìgoc lanjasmènwn deuterolèptwn orÐzetai wc:

ESR =
ES

Ns − TU
(3.2.3)

ìpou ES eÐnai o arijmìc twn lanjasmènwn deuterolèptwn sth di�rkeia tou diajèsimou qrìnou,

NS eÐnai o sunolikìc qrìnoc thc prosomoÐwshc (se sec) kai TU eÐnai o mh diajèsimoc qrìnoc

(se sec).

O arijmìc twn lanjasmènwn deuterolèptwn kat� th di�rkeia tou diajèsimou qrìnou mporeÐ

na upologisteÐ wc ex c:

ES = Ns

b∑

i=x

pdfi min [1, blockEs (i)] (3.2.4)

ìpou b eÐnai h megalÔterh tim  C/(N + I) sthn katanom  kai BlockES(i) eÐnai o mèsoc arijmìc

lanjasmènwn blocks gia C/(N + I) = i. Prèpei na shmeiwjeÐ ìti, e�n o mèsoc arijmìc lanja-

smènwn blocks an� deuterìlepto eÐnai megalÔteroc apì 1, ìla ta deuterìlepta me C/(N+I) = i

jewroÔntai lanjasmèna, dhlad :
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BlockES(i) = NBlocks/S min [1, BEBlock(i)] (3.2.5)

ìpou NBlocks/S eÐnai o arijmìc twn blocks an� deuterìlepto kai BEBlock(i) eÐnai o mèsoc

arijmìc lanjasmènwn bits an� block gia C/(N + I) = i. An kai p�li, o mèsoc arijmìc

lanjasmènwn bits se èna block eÐnai megalÔteroc apì 1, ìla ta blocks gia C/(N + I) = i.

jewroÔntai lanjasmèna. IsqÔei:

BEBlock(i) = BERi ·NB/Block (3.2.6)

ìpou BERi eÐnai to BER pou antistoiqeÐ se C/(N + I) = i kai NB/Block eÐnai o arijmìc

twn bits an� block.

H sÔstash ITU-T G.826 orÐzei èna exairetik� lanjasmèno deuterìlepto (Severely Errored

Second, SES) wc: thn perÐodo enìc deuterolèptou to opoÐo perièqei ≥ 30% lanjasmèna blocks

  toul�qiston èna el�ttwma. Mìno o diajèsimoc qrìnoc lamb�netai upìyh ston upologismì

tou lìgou exairetik� lanjasmènwn laj¸n. IsqÔei:

SESR =
SES

NS − TU
(3.2.7)

ìpou SES eÐnai o arijmìc twn SESS ston diajèsimo qrìno:

SES = NS

b∑

i=x

pdfiCHECK1i (3.2.8)

ìpou CHECK1i = 1 e�n BlockES(i) Â 0.3NBlocks/S alli¸c CHECK1i = 0.

H sÔstash ITU-T G.826 orÐzei to Background Block Error wc: èna lanjasmèno block pou

den sumbaÐnei san mèroc enìc SES. IsqÔei:

BBER =
BBE

NS − TU
(3.2.9)

ìpou BBE eÐnai o arijmìc twn lanjasmènwn blocks ston diajèsimo qrìno:
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BBE = NS ·NBlocks/S

b∑

i=x

pdfi min [1, BEBlock(i)]CHECK2i (3.2.10)

ìpou CHECK2i = 1 e�n BlockES(i) Â 0.3NBlocks/S alli¸c CHECK2i = 0

'Eqontac orÐsei touc trìpouc mètrhshc twn laj¸n se mÐa asÔrmath epÐgeia zeÔxh, ja prèpei

na anaferjeÐ ìti:

1. 'Oson afor� tic yhfiakèc zeÔxeic pou leitourgoÔn wc mèroc enìc diktÔou ISDN, ta poso-

st� leitourgik¸n laj¸n pou epitrèpontai stic zeÔxeic autèc dÐnontai stic anaforèc [13],

[14], [15],[16] gia ta di�fora eÐdh diktÔwn,

2. 'Oson afor� tic yhfiakèc zeÔxeic shmeÐou proc shmeÐo, ta posost� leitourgik¸n laj¸n

pou epitrèpontai stic zeÔxeic autèc dÐnontai stic anaforèc [18] kai [17] an�loga me to an

h zeÔxh eÐnai mèroc tou ejnikoÔ   tou diejnoÔc diktÔou.

3.2.4 Mègisth Epitrept  Parembol 

'Oson afor� ta epÐgeia sust mata, parembolèc mporoÔn na proklhjoÔn se aut� me mÐa   pe-

rissìterec apì tic parak�tw morfèc [26]:

1. parembolèc apì �lla epÐgeia sust mata pou leitourgoÔn sthn Ðdia z¸nh suqnot twn

2. parembolèc apì �lla thlepikoinwniak� sust mata, ta opoÐa qrhsimopoioÔn tic Ðdiec su-

qnìthtec me thn Ðdia proteraiìthta me ta epÐgeia sust mata,

3. parembolèc apì �lla thlepikoinwniak� sust mata, ta opoÐa qrhsimopoioÔn tic Ðdiec su-

qnìthtec me mikrìterh proteraiìthta apì ta epÐgeia sust mata,

4. parembolèc apì mh epijumhtèc ekpompèc susthm�twn, ta opoÐa leitourgoÔn se �llec

z¸nec suqnot twn (diaspor� enèrgeiac klp.),

5. parembolèc apì anepijÔmhtec aktinobolÐec (efarmogèc ISM).

Gia th montelopoÐhsh thc parembol c, h mègisth epitrept  upob�jmish thc diajesimìthtac

kai twn leitourgik¸n laj¸n mporeÐ na qwristeÐ se posost� an�loga me thn phg , h opoÐa thn
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prokaleÐ. 'Etsi, oi parembolèc pou proèrqontai apì epÐgeia dÐktua (perÐptwsh 1) mporoÔn na

prokalèsoun upob�jmish sth diajesimìthta kai sta leitourgik� l�jh kat� Q% (se autì to

posostì perilamb�nontai h astoqÐa kai oi atèleiec tou exoplismoÔ). Oi parembolèc pou proèr-

qontai apì �lla thlepikoinwniak� sust mata me thn Ðdia proteraiìthta sth sugkekrimènh z¸nh

suqnot twn (perÐptwsh 2) mporoÔn na prokalèsoun upob�jmish sth diajesimìthta kai sta lei-

tourgik� l�jh kat� U% (se aut  thn kathgorÐa up�getai kai h parembol  pou prokaleÐtai apì

to stajerì doruforikì dÐktuo), en¸ oi upìloipec parembolèc (peript¸seic 3, 4, 5) mporoÔn na

prokalèsoun upob�jmish kat� èna posostì Z%.

To �jroisma Q%+U%+Z% prèpei na prokaleÐ thn ikanopoÐhsh twn stìqwn diajesimìthtac

kai leitourgik¸n laj¸n, ìpwc autoÐ perigr�fontai sthn enìthta 3.2.3. Ta posost� Q, U kai

Z paÐrnoun timèc: Q=89, U=10, Z=1.

'Oson afor� tic parembolèc, pou dèqetai èna epÐgeio dÐktuo apì to stajerì doruforikì

dÐktuo (kai kat' epèktash ja mporoÔsame na poÔme kai apì to stratosfairikì dÐktuo), autèc

taxinomoÔntai sÔmfwna me thn perÐptwsh 2. Oi nèoi stìqoi leitourgÐac kai diajesimìthtac

eÐnai Ðsoi me to 10% twn sunolik¸n stìqwn leitourgÐac kai diajesimìthtac tou sust matoc.

Sugkekrimèna, ìson afor� ta epÐgeia sust mata ta opoÐa apoteloÔn mèroc enìc diktÔou ISDN,

oi ekpompèc apì to stajerì doruforikì dÐktuo den prèpei na upobajmÐzoun th leitourgÐa kai

th diajesimìthta twn zeÔxewn gia ta posost� qrìnou pou anagr�fontai sthn anafor� [27].

'Oson afor� tic epÐgeiec zeÔxeic, oi opoÐec apoteloÔn mèroc tou diejnoÔc diktÔou, oi antÐstoiqec

timèc dÐnontai sthn anafor� [40].

Oi stìqoi sth diajesimìthta kai sta leitourgik� l�jh metafr�zontai se ènan el�qisto

shmatojorubikì lìgo sto dèkth, (C/N)min req. O lìgoc autìc exart�tai apì ta sugkekrimèna

qarakthristik� thc zeÔxhc, apì tic apait seic poiìthtac kai diajesimìthtac kai apì th qr -

sh   ìqi autìmatou elègqou isqÔoc sto dèkth ATPC (Automatic Transmit Power Control).

Krit rio omal c leitourgÐac thc zeÔxhc eÐnai o shmatojorubikìc lìgoc na mhn pèsei k�tw apì

thn el�qisth tim  tou gia perissìtero apì to posostì qrìnou pou upologÐzetai apì touc lì-

gouc lanjasmènwn deuterolèptwn   exairetik� lanjasmènwn deuterolèptwn. Pt¸sh tou k�tw

apì thn prokajorismènh tim  gia perissìtero qrìno, metatrèpei th zeÔxh se mh diajèsimh. O

lìgoc autìc onom�zetai perij¸rio exasjènhshc (Fade Margin) thc zeÔxhc. Gia ta stajer�

epÐgeia sust mata, endeiktikèc timèc tou perijwrÐou exasjènhshc eÐnai apì 25 èwc 40 dB. H

qr sh ATPC sto dèkth, mei¸nei to perij¸rio exasjènhshc kat� 13 dB perÐpou. H nèa tim 

pou prokÔptei onom�zetai kajarì perij¸rio exasjènhshc (Net Fade Margin) [22].
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Me dedomèno to prokajorismèno posostì qrìnou (U=10%) kat� to opoÐo h zeÔxh mporeÐ

na deqteÐ parembol  apì èna �llo thlepikoinwniakì sÔsthma me thn Ðdia proteraiìthta, prèpei

na oristeÐ h mègisth tim  parembol c kai to posostì tou qrìnou kat� ton opoÐo aut  mporeÐ

na uperbaÐnetai. Wstìso, h qr sh enìc kai mìnou krithrÐou parembol c den eparkeÐ, exaitÐac

thc qronik� metaballìmenhc fÔshc thc parembol c.

Sthn anafor� [8], dÔo mègistec timèc parembol c orÐzontai. H pr¸th afor� èna mikrì di�-

sthma qrìnou (<1%) kat� ton opoÐo epitrèpetai h upèrbash thc mègisthc tim c thc parembol c.

To krit rio autì onom�zetai krit rio mikr c di�rkeiac (short-term interference criterion). To

deÔtero krit rio afor� èna meg�lo posostì qrìnou (20%) kat� ton opoÐo epitrèpetai h upèrba-

sh thc mègisthc tim c thc parembol c. To krit rio autì onom�zetai krit rio meg�lhc di�rkeiac

(long-term interference criterion). Gia na exasfalisteÐ h omal  leitourgÐa thc zeÔxhc, prèpei

na ikanopoioÔntai kai ta dÔo krit ria. Ta krit ria aut� perigr�fontai analutik� stic epìmenec

paragr�fouc.

To krit rio parembol c meg�lhc di�rkeiac ekfr�zei tic kanonikèc sunj kec (mèsec sunj -

kec) leitourgÐac thc epÐgeiac zeÔxhc, ìpou o dèkthc ufÐstatai parembol  tautìqrona apì ìlec

tic phgèc parembol c. H mègisth tim  thc parembol c sto eÔroc z¸nhc anafor�c, thn opoÐa

dèqetai o dèkthc kai h opoÐa den prèpei na uperbaÐnetai gia perissìtero apì 20% tou qrìnou

dÐnetai apì th sqèsh:

Pr(p1) = 10 log(kTrB) + J −W (dBW ) (3.2.11)

ìpou:

p1: to posostì tou qrìnou kat� to opoÐo mporeÐ na uperbaÐnetai h parembol  apì ìlec

tic phgèc. Ed¸ p1 = 20%,

k: h stajer� tou Boltzmann (1.38 x 10−23 J/K),

Tr: h jermokrasÐa jorÔbou tou sust matoc l yhc (k�tw apì sunj kec kajaroÔ oura-

noÔ). An h jermokrasÐa jorÔbou thc keraÐac eÐnai Ta, h jermokrasÐa jorÔbou sthn eÐsodo

tou dèkth, TR kai e oi ap¸leiec sto kal¸dio, tìte isqÔei: Tr = Ta + (1− e) · 290 + e ·TR

(se mon�dec K),

B: eÐnai to eÔroc z¸nhc anafor�c (Hz),

W : o isodÔnamoc par�gontac jermikoÔ jorÔbou (se dB) gia tic ekpompèc parembol c

mèsa sto eÔroc z¸nhc anafor�c. EÐnai jetikìc ìtan o jìruboc tou s matoc parembol c
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prokaleÐ megalÔterh upob�jmish apì to jermikì jìrubo. O par�gontac autìc exart�-

tai apì ta teqnik� qarakthristik� tìso tou epijumhtoÔ s matoc ìso kai tou s matoc

parembol c. Parìla aut�, ìtan to epijumhtì s ma eÐnai yhfiakì, o par�gontac au-

tìc lamb�netai Ðsoc me 0, anex�rthta apì ta qarakthristik� tou s matoc parembol c.

Perissìtera stoiqeÐa gia ton par�gonta W dÐnontai sthn anafor� [30],

J : o lìgoc (se dB) thc epitrept c tim c parembol c meg�lhc di�rkeiac (20% tou qrìnou)

apì k�je mia apì tic phgèc parembol c proc ton jermikì jìrubo tou sust matoc l yhc.

H tim  tou exart�tai apì ton arijmì twn anamenìmenwn tautìqronwn suneisfor¸n sthn

parembol  Ðsou epipèdou. Oi paremboleÐc brÐskontai ìloi mèsa se apìstash optik c

epaf c apì to dèkth. O arijmìc touc sumbolÐzetai me n1.

Sthn perÐptwsh twn asÔrmatwn epÐgeiwn zeÔxewn, èqoume  dh jewr sei ìti 10% thc epitre-

pt c upob�jmishc tou sust matoc mporeÐ na proklhjeÐ apì parembol  apì to stratosfairikì

dÐktuo. H mis  upob�jmish prokaleÐtai apì kontinoÔc stajmoÔc parembol c (mèsa se apì-

stash optik c epaf c) en¸ h upìloiph upob�jmish prokaleÐtai apì stajmoÔc parembol c pou

brÐskontai pèra apì ton orÐzonta. Tìte, gia analogik� sust mata isqÔei:

J = 10 log(40/n1) (3.2.12)

en¸ gia yhfiak� isqÔei:

J = 10 log(
√

X − 1) (3.2.13)

ìpou:

X = 1 + 3/n1 (3.2.14)

SÔmfwna me thn anafor� [?], gia suqnìthtec apì 1-10 GHz, isqÔei: n1 = 5 kai sunep¸c

J = 9dB gia ta analogik� s mata kai J = −6dB gia ta yhfiak�. H tim  aut  isqÔei gia

peript¸seic ìpou up�rqei mikr  susqètish metaxÔ thc di�leiyhc tou epijumhtoÔ s matoc kai

tou s matoc parembol c. Se peript¸seic ìpou oi dialeÐyeic tou epijumhtoÔ s matoc kai tou

s matoc parembol c eÐnai asusqètistec, isqÔei akìma kai J = −2dB. Antijètwc, se suqnì-

thtec megalÔterec twn 10 GHz, h susqètish metaxÔ twn dialeÐyewn tou epijumhtoÔ s matoc

kai tou s matoc parembol c eÐnai pio meg�lh kai sunep¸c h tim  tou J mei¸netai kai ft�nei
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J = −10dB. An jewr soume ìti J = −6dB, o shmatojorubikìc lìgoc sto mikrokumatikì

dèkth mei¸netai kat� 1dB en¸ gia J = −10dB, o shmatojorubikìc lìgoc sto mikrokumatikì

dèkth mei¸netai kat� 0.5dB.

To krit rio parembol c mikr c di�rkeiac ekfr�zei exairetik� akraÐec sunj kec parembol c

(gia posost� mikrìtera apì 1% tou qrìnou), stic opoÐec h parembol  apì ìlouc touc stajmoÔc

den sumbaÐnei tautìqrona. H mègisth tim  thc parembol c Pr sto eÔroc z¸nhc anafor�c, thn

opoÐa dèqetai o epÐgeioc dèkthc kai h opoÐa den prèpei na uperbaÐnetai gia perissìtero apì

qronikì di�sthma <1% tou sunolikoÔ qrìnou dÐnetai apì th sqèsh:

Pr(p2/n2) = 10 log(kTrB) + 10 log(10Ms/10 − 1) + NL −W (dBW ) (3.2.15)

ìpou:

p2: to posostì tou qrìnou kat� to opoÐo mporeÐ na uperbaÐnetai h parembol  apì ìlec

tic phgèc. IsqÔei: p2 ≤ 1%. To akribèc posostì ìmwc kajorÐzetai apì thn upob�jmish

sto posostì leitourgik¸n laj¸n lìgw parembol c,

n2: o arijmìc twn anamenìmenwn parembolèwn Ðshc isqÔoc kai Ðshc qronik c di�rkeiac,

oi opoÐoi paremb�lloun sto dèkth ìqi tautìqrona. SÔmfwna me thn anafor� [?], gia

suqnìthtec apì 1-10 GHz, isqÔei: n2 = 3,

NL: eÐnai h suneisfor� tou jorÔbou sth zeÔxh apì to doruforikì anametadìth. Perilam-

b�nei to jìrubo thc �nw zeÔxhc, thn endodiamìrfwsh k.�. Genikìtera isqÔei:NL = 1dB

gia stajerèc doruforikèc zeÔxeic, NL = 0dB gia stajerèc mikrokumatikèc zeÔxeic,

MS : eÐnai o lìgoc (se dB) thc epitrepìmenhc parembol c ston epÐgeio dèkth proc to

jermikì jìrubo (Ms = I/N) gia posostì qrìnou p2. ProkÔptei apì to kajarì perij¸rio

kèrdouc thc mikrokumatik c zeÔxhc. Sthn perÐptwsh p�ntwc parembol c metaxÔ twn

epÐgeiwn zeÔxewn kai tou stajeroÔ doruforikoÔ diktÔou, upotÐjetai ìti olìklhro to

kajarì perij¸rio kèrdouc anatÐjetai gia thn parembol  mikr c di�rkeiac.

Gia ta dÔo proanaferjènta krit ria up�rqoun diajèsimec timèc twn diaforetik¸n paramè-

trwn pou ta kajorÐzoun [8], mèqri kai ta 40 GHz. Gia thn z¸nh suqnot twn twn 48/47 GHz

qrhsimopoioÔme to krit rio parembol c pou sqetÐzetai me ton jermikì jìrubo I/N , kai oi qa-

rakthristikèc timèc tou epitreptoÔ krithrÐou parembol c gia ta sust mata anafor�c faÐnontai

BasÐlhc F. M lac - Didaktorik  Diatrib  73



Kef�laio 3.

ston PÐnaka 3.22:

PÐnakac 3.2: Krit ria Parembol¸n gia to ED

Posostì DNFM I/N Megisth Epitrept  St�jmh Parembol c

Epitrept c Upobibasmìc dB dB(W/MHz)

Parembol c Apìdoshc Stajmìc 1 Stajmìc 2 Stajmìc 3 Stajmìc 4

1% 0.04 -20.3 -153.3 -151.3 -159.3 -159.3

6% 0.25 -12.2 -145.2 -143.2 -151.2 -151.2

10% 0.41 -10 -143 -141 -149 -149

15% 0.6 -8.2 -141.2 -139.2 -147.2 -147.2

20% 0.79 -7 -140 -138 -146 -146

2H mèjodoc melèthc thc mègisthc epitrept c st�jmhc parembol c analÔjhke sthn §2.5.1
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3.3 Diadrom  Di�doshc Parembol c A1

'Opwc èqei  dh anaferjeÐ h diadrom  di�doshc parembol c A1 (Sq ma 3.1), afor� tic parembo-

lèc pou prokaloÔntai apì tic ekpompèc isqÔoc thc k�tw zeÔxhc (stratìsfaira-proc-Gh) twn

Stratosfairik¸n DiktÔwn (SD) proc touc stajmoÔc tou EpÐgeiou DiktÔou (ED).

Sthn §3.3.1 parousi�zontai ta apotelèsmata sthn diejn  bibliografÐa anaforik� me to

sugkekrimèno sen�rio parembol c. Sthn §3.3.2 perigr�fetai mia nèa mèjodoc suntonismoÔ pou

stìqo èqei thn apotelesmatik  qr sh tou f�smatoc radiosuqnot twn metaxÔ twn dÔo diktÔwn

kai thn an�ptuxh efarmìsimwn krithrÐwn sunÔparxhc se realistikèc sunj kec leitourgÐac.

3.3.1 Up�rqonta Krit ria SunÔparxhc

Me ta up�rqonta krit ria sunÔparxhc thc ITU-R [19] [5], oi stajmoÐ tou ED eÐnai dunatìn

na leitourg soun mìno èxw apì to oratì pedÐo thc stratosfairik c platfìrmac. Praktik�

autì isodunameÐ se polÔ meg�lec apost�seic diaqwrismoÔ, pou mporoÔn na xeper�soun ta 600

Km, kai se akìma megalÔterec perioqèc apokleismoÔ gia touc stajmoÔc tou ED thc t�xhc twn

25000 Km23.

Sth sÔstash ITU-R F1501 [5] proteÐnetai mia prokajorismènh arqik  apìstash suntoni-

smoÔ metaxÔ tou SD kai twn stajm¸n tou ED pou odhgeÐ se apìstash 772 Km gia strato-

sfairik  platfìrma sta 21 Km. Apìstash pou ja èkane thn sunÔparxh twn dÔo susthm�twn

anèfikth se pragmatikèc sunj kec leitourgÐac.

Stic up�rqousec melètec metaxÔ SD kai ED melet¸ntai kat� kÔrio lìgo oi parembolèc

me statik  an�lush stajmoÔ proc stajmì. EntoÔtoic to perib�llon parembol¸n metaxÔ SD

kai ED emperièqei qronometablht� fainìmena ìpwc h kÐnhsh thc platfìrmac, h gewmetrÐa thc

parembol c, kai oi sunj kec di�doshc tou radios matoc.

Apì ta parap�nw, anadÔetai h an�gkh gia ton kajorismì miac nèac pio apodotik c mejìdou

suntonismoÔ metaxÔ twn stajm¸n twn dÔo diktÔwn.

3ìpwc melet jhke sto prohgoÔmeno kef�laio, sthn §2.3
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3.3.2 Proteinìmenh Mèjodoc SuntonismoÔ

H proteinìmenh mèjodoc basÐzetai sthn ektÐmhsh thc klasmatik c upob�jmishc thc leitour-

gÐac tou EpÐgeiou DiktÔou, lamb�nontac upìyh ta kÐnhsh thc stratosfairik c platfìrmac,

realistik  katanom  twn gwni¸n azimoujÐou kai anÔywshc gia touc epÐgeiouc stajmoÔc, kai

bajmiaÐa anaptussìmeno Stratosfairikì DÐktuo [32] (Sq ma 3.3).

 
Sq ma 3.3: Montèlo Proteinìmenhc Mejìdou

Stic melètec pou èqoun gÐnei e¸c s mera gia th sugkekrimènh diadrom  di�doshc parembol c,

h stratosfairik  platfìrma jewreÐtai stajer . EntoÔtoic mia apì tic ligìtero problèyimec

paramètrouc sthn teqnologÐa twn stratosfairik¸n platform¸n eÐte autèc eÐnai aerìploia,

eÐte hliak� trofodotoÔmena aerosk�fh, eÐte opoiad pote �llh pijan  platfìrma ikan  na lei-

tourg sei axiìpista ìtan brÐsketai sthn stratìsfaira eÐnai h kÐnhsh touc. Me ton ìro kÐnhsh

ennooÔme tic apoklÐseic thc platfìrmac se orizìntio kai katakìrufo �xona apì thn ek�stote

prokajorismènh jèsh leitourgÐac. Thn epÐdrash thc kÐnhshc aut c sta epÐpeda thc omodiau-

lik c parembol c pou prokaloÔn oi ekpompèc isqÔoc thc stratosfairik c platfìrmac stouc

epÐgeiouc dèktec, melet�me sto kef�laio autì. Me b�sh ta apotelèsmata thc melèthc, epilè-

goume to bèltisto montèlo gia thn enswm�twsh tou sthn proteinìmenh mèjodo suntonismoÔ.

Ta parap�nw analÔontai sthn §3.3.2.1.

Stic up�rqousec melètec metaxÔ SD kai ED melet¸ntai kat� kÔrio lìgo oi parembolèc

me statik  an�lush stajmoÔ proc stajmì. EntoÔtoic to perib�llon parembol¸n metaxÔ SD

kai ED emperièqei qronometablht� fainìmena ìpwc h kÐnhsh thc platfìrmac, h gewmetrÐa

thc parembol c, kai oi sunj kec di�doshc tou radios matoc. Se autèc tic peript¸seic eÐnai

katallhlìtero o qarakthrismìc twn parembol¸n na pragmatopoieÐtai se ìrouc klasmatik c

upob�jmishc thc leitourgÐac (Fractional Degradation in Performance, FDP ) tou paremballì-

menou sust matoc ìpwc analÔetai sthn §3.3.2.2. H FDP ousiastik� ekfr�zei thn klasmatik 

aÔxhsh sto posostì tou qrìnou ìpou to krit rio epÐdoshc den exasfalÐzetai lìgw parousÐac
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parembol¸n.

Stic teleutaÐec dÔo enìthtec perigr�fontai oi par�metroi thc katanom c twn gwni¸n anÔyw-

shc twn kerai¸n twn stajm¸n tou ED, kai thc stadiak c an�ptuxhc twn SD. Oi up�rqousec

melètec thc ITU-R basÐzontai sth je¸rhsh ìti oi keraÐec twn stajm¸n tou ED èqoun ka-

teÔjunsh proc thn stratosfairik  platfìrma. Je¸rhsh pou sthn pragmatikìthta sp�nia

sunant�tai. Sthn paroÔsa enìthta proteÐnetai mia pio realistik  prosèggish pou basÐzetai

stic up�rqousec zeÔxeic sthn eurÔterh perioq  thc Attik c (§3.3.2.3). Mèqri s mera èqei

melethjeÐ h polÔ apl  perÐptwsh parembol c apì mÐa zeÔxh (stratìsfaira-proc-Gh) se ènan

paremballìmeno epÐgeio stajmì, kai h shmantik� pio polÔplokh perÐptwsh parembol c apì èna

pl rec aneptugmèno SD. Sthn melèth mac eis�goume thn ènnoia tou stadiak� anaptussìmenou

SD ìpou susqetÐzetai to posostì an�ptuxhc tou SD me ton arijmì twn epÐgeiwn termatik¸n

tou SD sthn astik , proastiak  kai agrotik  perioq  k�luyhc, kaj¸c kai me ton arijmì twn

pulaÐwn stajm¸n sthn astik  kai proastiak  perioq  k�luyhc (3.3.2.4).

3.3.2.1 Enswm�twsh thc KÐnhshc thc Stratosfairik c Platfìrmac

Den eÐnai gnwst  akìma me akrÐbeia h sumperifor� thc stratosfairik c platfìrmac ìson

afor� th stajerìthta thc stic sunj kec pou epikratoÔn sth stratìsfaira. To profÐl twn

anèmwn se aut� ta Ôyh eÐnai  pio, kai h taqÔthta twn anèmwn den xepern�ei ta 20 m/sec, ìpwc

faÐnetai kai sto Sq ma 3.4, ìpou apeikonÐzetai to profÐl twn anèmwn sta di�fora str¸mata

thc atmìsfairac.

EntoÔtoic mèqri s mera ektìc apì k�poiec pt seic pou di rkesan ¸rec (9 h, 1 h 15 min) [3],

[38], den èqei pragmatopoihjeÐ pt sh meg�lhc klÐmakac h opoÐa ja èdine axiìpista stoiqeÐa gia

thn kÐnhsh twn stratosfairik¸n platform¸n. Me aut� ta dedomèna epilèxame na melet soume

thn sumperifor� thc st�jmhc omodiaulik c parembol c me ta b�sh ta montèla kÐnhshc ITU,

HELINET, HALO ìpwc perigr�fontai sthn epìmenh par�grafo.

H èreuna mac epikentr¸netai sta ex c basik� shmeÐa:

• montèla kÐnhshc (ITU, HELINET, HALO) ,

• prosomoÐwsh se 3 basikèc perioqèc me 2 diaforetikèc sunj kec,

• sÔgkrish thc epÐdrashc twn 3 montèlwn kÐnhshc.
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Reference Atmosphere)
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3.3.2.1.1 Montèla KÐnhshc Stratosfairik¸n Platform¸n. Mia polÔ shmantik 

prìklhsh gia touc kataskeuastèc stratosfairik¸n platform¸n eÐnai h diat rhsh thc plat-

fìrmac se sugkekrimènh gewgrafik  jèsh. Oi �nemoi pou epikratoÔn sthn stratìsfaira eÐnai

metaballìmenoi, exart¸ntai apì to gewgrafikì pl�toc kai all�zoun kateÔjunsh 2 forèc to

qrìno. Endeiktik� h taqÔthta twn stratosfairik¸n anèmwn ston Ishmerinì eÐnai thc t�xhc

twn 5 m/sec en¸ stouc Pìlouc h antÐstoiqh taqÔthta eÐnai thc t�xhc twn 55 m/sec [21]. Ta

metewrologik� mpalìnia pou topojetoÔntai sthn stratìsfaira se sqedìn stajerì shmeÐo gia

k�poiec mèrec, eÐnai mia èndeixh mikr c klÐmakac oti kai oi platfìrmec pou ja qrhsimopoihjoÔn

gia thlepikoinwnÐec mporoÔn na kinoÔntai me k�poia stajerìthta mèsa se kajorismèna ìria.

H stratosfairik  platfìrma mporeÐ na kinhjeÐ se opoiad pote kateÔjunsh kai an jewr -

soume èxi bajmoÔc eleujerÐac ja mporoÔsame na poÔme pwc oi metatopÐseic thc gÐnontai ston

x,y kai z-�xona kaj¸c kai me peristrofèc gÔrw apì touc treic �xonec. Gia to lìgo pwc den

up�rqei plhroforÐa sth diejn  bibliografÐa gia tic metatopÐseic twn platform¸n me èxi baj-

moÔc eleujerÐac, jewroÔme sth melèth mac, kÐnhsh stouc treic �xonec. Sugkentr¸same kai

analÔoume ta trÐa basik� montèla kÐnhshc pou kajorÐzoun ta ìria kÐnhshc twn tri¸n epikra-

tèsterwn stratosfairik¸n platform¸n pou èqoun protajeÐ sth diejn  bibliografÐa, ta opoÐa

qrhsimopoi jhkan kai wc b�sh gia thn prosomoÐwsh.

Sthn §2.2 èqoume  dh perigr�yei tic treic epikratèsterec stratosfairikèc platfìrmec gia

paroq  thlepikoinwniak¸n uphresi¸n:

1. mh epandrwmèna aerìploia,

2. hliak� trofodotoÔmena mh epandrwmèna aerosk�fh,

3. epandrwmèna aerosk�fh.

Gia ta aerìploia èqoun jewrhjeÐ apì th Diejn  'Enwsh Thlepikoinwni¸n [44], ìria kÐnhshc

(montèlo ITU ) se sfaÐra me aktÐna 400 m kai katakìrufec apoklÐseic jetikèc   arnhtikèc apì

to kajorismèno uyìmetro leitourgÐac thc t�xhc twn 700 m.

Gia ta mh epandrwmèna hliak� trofodotoÔmena aerosk�fh ìpwc eÐnai to HELIPLAT   to

HELIOS [38] proteÐnontai apì to eurwpaðkì prìgramma HELINET [48] dÔo diaforetik� ìria

kÐnhshc thc platfìrmac sthn stratìsfaira exart¸mena apì thn diajesimìthta thc uphresÐac.

Gia to 99% tou qrìnou ta aerosk�fh aut� anamènontai na diathroÔn th jèsh touc sthn stra-
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tìsfaira kinoÔmena mèsa se kÔlindro me aktÐna 2.5 Km kai Ôyoc ± 0.5 Km en¸ gia to 99.9%

tou qrìnou ta antÐstoiqa ìria eÐnai thc t�xhc twn 4 Km kai ± 1.5 Km.

To trÐto montèlo, to opoÐo qrhsimopoi same sthn prosomoÐwsh, afor� ta epandrwmèna

aerosk�fh. Ta aerosk�fh aut� ja mporoÔn na diathroÔn th jèsh touc sthn stratìsfaira

kinoÔmena mèsa se èna daktulioeidèc me di�metro metaxÔ 9.3 Km kai 14.8 Km kai Ôyoc metaxÔ

15.5 Km kai 18.3 Km To montèlo autì, to opoÐo apì ed¸ kai sto ex c ja anafèroume wc

HALO basÐzetai sth melèth [7].

Ta trÐa aut� montèla kÐnhshc pou proteÐnontai sthn bibliografÐa parèqoun k�poia ìria

anafor�c gia tic stratosfairikèc platfìrmec. EÐnai ìmwc akìma �gnwsto to an ta ìria aut�

eÐnai realistik� kai an ìntwc antiproswpeÔoun ta pragmatik� ìria kÐnhshc thc antÐstoiqhc

teqnologÐac stratosfairik c platfìrmac e¸c ìtou pragmatopoihjeÐ k�poia pt sh meg�lhc

klÐmakac.

3.3.2.1.2 Metablhtèc kai DiadikasÐa Statistik c Melèthc. Oi metablhtèc pou lam-

b�noume upìyh sth melèth eÐnai oi akìloujec:

• Elegqìmenec metablhtèc: Montèla di�doshc, teqnik� qarakthristik� stajm¸n, epitre-

ptì krit rio parembol c.

• Anex�rthth metablht : Montèlo kÐnhshc.

• Exart¸menh metablht : St�jmh omodiaulik c parembol c.

Sto sq ma 3.5 faÐnontai oi peript¸seic A, B kai C pou jewr same gia th diadrom  di�doshc

parembol c thc k�tw zeÔxhc tou stratosfairikoÔ sust matoc sthn epÐgeia zeÔxh an�loga me

thn jèsh tou dèkth tou ED mèsa sthn perioq  k�luyhc thc stratosfairik c platfìrmac.

H perÐptwsh A antistoiqeÐ stic katast�seic ìpou oi paremballìmenec epÐgeiec zeÔxeic eÐnai

egkatesthmènec mèsa sthn perioq  k�luyhc thc stratosfairik c platfìrmac se aktÐna e¸c

kai 76 Km apì to shmeÐo nadÐr k�tw apì thn platfìrma. H gewgrafik  aut  perioq  perilam-

b�nei touc astikoÔc kai proastiakoÔc qr stec tou stratosfairikoÔ sust matoc kai kalÔptei

epif�neia 18.381 Km2.

H perÐptwsh B antistoiqeÐ stic katast�seic ìpou oi paremballìmenec epÐgeiec zeÔxeic eÐnai

egkatesthmènec mèsa sthn agrotik  perioq  k�luyhc thc stratosfairik c platfìrmac se aktÐ-
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Sq ma 3.5: GewmetrÐa parembol c me epÐgeio dèkth

na pou arqÐzei apì ta 76 Km kai ekteÐnetai e¸c ta 146 Km. H epilog  tou orÐou twn 146 Km

ègine me b�sh tic 7.5 moÐrec wc el�qisth gwnÐa anÔywshc twn epÐgeiwn qrhst¸n tou strato-

sfairikoÔ sust matoc antÐ gia tic 5 moÐrec pou proteÐnontai sthn sÔstash ITU-R F.1500 [44].

Oi 5 moÐrec san el�qisth gwnÐa anÔywshc einai dÔskola efarmìsimec sthn pragmatikìthta.

Tèloc h perÐptwsh C antistoiqeÐ stic katast�seic ìpou oi paremballìmenec epÐgeiec zeÔxeic

eÐnai egkatesthmènec èxw apì thn perioq  k�luyhc thc stratosfairik c platfìrmac.

To montèlo di�doshc pou qrhsimopoieÐtai sthn prosomoÐwsh basÐzetai sthn sÔstash ITU-

R P.619 [42]. Oi treic kÔrioi mhqanismoÐ exasjènhshc gia thn upì melèth diadrom  di�doshc

eÐnai lìgw:

• exasjènhshc kajar c atmìsfairac,

• skèdashc pou ofeÐletai se atmosfairikèc katakrhmnÐseic,

• diaforik c exasjènhshc.

To epitreptì krit rio parembol c I/N = 10% efarmìzetai eniaÐa sthn melèth aut .
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H prosomoÐwsh ègine sto pedÐo tou qrìnou gia ton statistikì qarakthrismì thc sumperifo-

r�c twn diakum�nsewn thc st�jmhc thc omodiaulik c parembol c pou ofeÐlontai sthn kÐnhsh thc

stratosfairik c platfìrmac. Gia to lìgo autì ègine qr sh eidikeumènou logismikoÔ sthn an�-

lush parembol¸n epikoinwniak¸n susthm�twn (Par�rthma Gþ). Ta apotelèsmata ex qjhsan

me th morf  sugkentrwtik¸n sunart sewn katanom¸n thc puknìthtac isqÔoc thc parembol c

me thn teqnik  Monte-Carlo, ìpou k�je epan�lhyh antistoiqeÐ se diaforetik  tuqaÐa jèsh

twn paremb�llontwn stajm¸n entìc twn orÐwn kÐnhshc twn stratosfairik¸n platform¸n, kai

diaforetik  tuqaÐa jèsh twn paremballìmenwn stajm¸n entìc twn perioq¸n an�ptuxhc tou

EMD. Oi sugkentrwtikèc katanomèc antikatoptrÐzoun thn pijanìthta na sumbeÐ mia sugkekri-

mènh st�jmh parembol c k�je for�.

Sthn prosomoÐwsh ègine qr sh thc b�shc IDWM-ITU Digitized World Map. H b�sh aut 

IDWM epitrèpei thn qr sh dedomènwn apì ton pagkìsmio q�rth sta montèla di�doshc pou

epilègoume gia k�je sen�rio. Autì perilamb�nei plhroforÐa ìpwc:

• h apìstash apì thn akt ,

• to posostì thc diadrom c di�doshc p�nw apì epif�neia me nerì,

• klimatik� dedomèna ka.

EpÐshc sth prosomoÐwsh qrhsimopoi jhkan pragmatik� stoiqeÐa tou an�glufou tou ed�-

fouc pou sthrÐzontai sthn b�sh gewmorfologik¸n dedomènwn thc Gewlogik c UphresÐac twn

Hnwmènwn Politei¸n. H b�sh aut  kalÔptei ìlh thn epif�neia thc ghc me an�lush plègmatoc

suntetagmènwn tou q�rth thc t�xhc twn 30 arc seconds, (GTOPO30).

Ta teqnik� qarakthristik� tou StratosfairikoÔ DiktÔou pou qrhsimopoi jhkan sth me-

lèth, perigr�fontai analutik� sto Kef�laio 2, en¸ ta teqnik� qarakthristik� tou EpÐgeiou

DiktÔou perigr�fontai sthn §3.2.2.

3.3.2.1.3 Apotelèsmata Melèthc Ta apotelèsmata thc melèthc kathgoriopoioÔntai

sÔmfwna me th perioq  pou brÐsketai h paremballìmenh epÐgeia zeÔxh kai sÔmfwna me thn

sunj kh pou exuphretoÔn ìpou:

• Sunj kh I : o epÐgeioc dèkthc brÐsketai sthn qeirìterh pijan  jèsh se sqèsh me thn
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diastaÔrwsh thc dèsmhc tou kai twn desm¸n thc stratosfairik c platfìrmac proc th

Gh.

• Sunj kh II : h jèsh tou epÐgeiou dèkth prosomoi¸netai wc mia Monte-Carlo metablht 

mèsa se k�je perioq 

Ta apotelèsmata parousi�zontai sta sq mata 3.6 - 3.11 kai ston PÐnaka 3.3. Me sÔgkrish

twn apotelesm�twn pou aforoÔn thn sunj kh I kai apeikonÐzontai sta sq mata 3.6, 3.7, 3.8,

sumperaÐnoume katarq n ìti h st�jmh thc omodiaulik c parembol c, pou prokaleÐtai apì tic

ekpompèc thc stratosfairik c platfìrmac sthn epÐgeia zeÔxh, ephre�zetai se shmantikì bajmì

apì to montèlo kÐnhshc pou akoloujeÐ h stratosfairik  platfìrma.

Sugkekrimèna gia th PerÐptwsh A o epÐgeioc dèkthc dèqetai thn isqurìterh makroprìje-

smh (20%) parembol  thc t�xhc twn -135 dB(W/MHz) apì to montèlo HALO. Ta montèla

HELINET kai ITU prokaloÔn makroprìjesmh parembol  thc t�xhc twn -139 dB(W/MHz).

Gia thn PerÐptwsh B o epÐgeioc dèkthc dèqetai thn isqurìterh makroprìjesmh parembol  thc

t�xhc twn -127 dB(W/MHz) apì ta montèla HALO kai HELINET. To montèlo ITU prokaleÐ

makroprìjesmh parembol  thc t�xhc twn -132 dB(W/MHz). Gia thn PerÐptwsh C o epÐgeioc

dèkthc dèqetai thn isqurìterh makroprìjesmh parembol  thc t�xhc twn -134.5 dB(W/MHz)

apì to montèlo HALO. To montèlo HELINET prokaleÐ makroprìjesmh parembol  thc t�xhc

twn -141.5 dB(W/MHz), en¸ to montèlo ITU prokaleÐ makroprìjesmh parembol  thc t�xhc

twn -143.5 dB(W/MHz).

Genik� parathroÔme ìti h epÐdrash tou montèlou kÐnhshc HALO sth st�jmh thc omodiau-

lik c parembol c eÐnai shmantik� pio isqur , se sqèsh me thn epÐdrash twn montèlwn kÐnhshc

HELINET kai ITU.

Ta apotelèsmata thc prosomoÐwshc (sq mata 3.9, 3.10, 3.11) pou aforoÔn thn sunj kh

II, deÐqnoun ìti gia tic peript¸seic A kai B h pijanìthta h st�jmh thc parembol c na uperbeÐ

to krit rio eÐnai mikrìterh apì aut  pou parathr jhke sta apotelèsmata thc sunj khc I. Gia

thn perÐptwsh C ta epÐpeda eÐnai sugkrÐsima me aut� thc sunj khc I.

Sugkekrimèna gia th PerÐptwsh A o epÐgeioc dèkthc dèqetai thn isqurìterh makroprìje-

smh (20%) parembol  thc t�xhc twn -139 dB(W/MHz) apì to montèlo HALO. Ta montèla

HELINET kai ITU prokaloÔn makroprìjesmh parembol  thc t�xhc twn -143.5 dB(W/MHz).

Gia thn PerÐptwsh B o epÐgeioc dèkthc dèqetai thn isqurìterh makroprìjesmh parembol  thc
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t�xhc twn -125.5 dB(W/MHz) apì to montèlo ITU. To montèlo HALO prokaleÐ makroprì-

jesmh parembol  thc t�xhc twn -126.5 dB(W/MHz), en¸ to montèlo HELINET prokaleÐ

makroprìjesmh parembol  thc t�xhc twn -125 dB(W/MHz). Gia thn PerÐptwsh C o epÐgeioc

dèkthc dèqetai thn isqurìterh makroprìjesmh parembol  thc t�xhc twn -141 dB(W/MHz) apì

to montèlo HALO. Ta montèla HELINET kai ITU prokaloÔn makroprìjesmh parembol  thc

t�xhc twn -142.5 dB(W/MHz).

Ston pÐnaka 3.3 parousi�zontai sugkentrwtik� ta apotelèsmata thc prosomoÐwshc sunar-

t sei thc megalÔterhc kai mikrìterhc st�jmhc parembol c pou parousi�zei h k�je perÐptwsh.

Apì tic treic perioqèc pou jewr same (A, B, C), h perÐptwsh B eÐnai ekeÐnh sthn opoÐa para-

threÐtai h megalÔterh st�jmh parembol c.

Sunolik� h st�jmh thc omodiaulik c parembol c pou dèqetai o stajmìc tou ED ephre�zetai

shmantik� apì to montèlo kÐnhshc thc stratosfairik  platfìrmac me thn ex c seir�:

1. Montèlo KÐnhshc HALO

2. Montèlo KÐnhshc HELINET

3. Montèlo KÐnhshc ITU

Sthn melèth pou ja akolouj sei lamb�netai upìyh to montèlo kÐnhshc ITU pou apodeiknÔetai

to bèltisto4 wc proc thn prokaloÔmenh parembol  proc ton stajmì tou ED.

PÐnakac 3.3: SÔgkrish st�jmhc parembol c sunart sei tou montèlou kÐnhshc

PerÐptwsh Sunj kh MegalÔterh Montèlo Mikrìterh Montèlo

st�jmh parembol c st�jmh parembol c

A I -131dB(W/MHz) HALO -144dB(W/MHz) HELINET

B I -125dB(W/MHz) HALO -136dB(W/MHz) ITU

C I -126dB(W/MHz) HALO -145dB(W/MHz) ITU

A II -125dB(W/MHz) HALO -148dB(W/MHz) HELINET

B II -120dB(W/MHz) HALO -142dB(W/MHz) HELINET

C II -129dB(W/MHz) HALO -154dB(W/MHz) ITU

4prokaleÐ thn mikrìterh parembol 
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Sq ma 3.6: Sugkentrwtikèc katanomèc puknìthtac parembol c- PerÐptwsh A, Sunj kh I
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Sq ma 3.7: Sugkentrwtikèc katanomèc puknìthtac parembol c- PerÐptwsh B, Sunj kh I
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Sq ma 3.8: Sugkentrwtikèc katanomèc puknìthtac parembol c- PerÐptwsh C, Sunj kh I
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Sq ma 3.9: Sugkentrwtikèc katanomèc puknìthtac parembol c- PerÐptwsh A, Sunj kh II
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Sq ma 3.10: Sugkentrwtikèc katanomèc puknìthtac parembol c- PerÐptwsh B, Sunj kh II
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Sq ma 3.11: Sugkentrwtikèc katanomèc puknìthtac parembol c- PerÐptwsh C, Sunj kh II
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3.3.2.2 Klasmatik  Upob�jmish thc LeitourgÐac tou EpÐgeiou DiktÔou

To perib�llon parembol¸n pou dhmiourgeÐtai metaxÔ SD kai ED emperièqei qronometablht�

fainìmena ìpwc h kÐnhsh thc platfìrmac, h gewmetrÐa thc parembol c, kai oi sunj kec di�-

doshc tou radios matoc. Se autèc tic peript¸seic eÐnai katallhlìtero h montelopoÐhsh thc

epÐdrashc thc parembol c na upologÐzetai se ìrouc klasmatik c upob�jmishc thc leitourgÐac

tou paremballìmenou sust matoc, ìpwc gia par�deigma gÐnetai ston qarakthrismì twn parem-

bol¸n pou prokaloÔntai apì mh gewstatikoÔc dorufìrouc [10].

H klasmatik  aÔxhsh se tètoiec peript¸seic eÐnai Ðsh me I/NT gia stajer  isqÔ parembol c

I. Mia tètoia aÔxhsh se P0 mporeÐ na onomasteÐ wc klasmatik  upob�jmish leitourgÐac (frac-

tional degradation in performance - FDP). E�n èna sÔsthma prok�lese isqÔ parembol c Ii gia

èna sugkekrimèno qronikì di�sthma miac dedomènhc periìdou anafor�c, fi, kai  tan anenergì

gia to upìloipo thc periìdou, tìte h klasmatik  upob�jmish epÐdoshc lìgw thc parembol c

aut c perigr�fetai apì th sqèsh:

∆PO,i =
Iifi

NT
(3.3.1)

H klasmatik  upob�jmish leitourgÐac pou ofeÐletai se mia seir� apì sumb�nta, ìpou to ith

sumb�n apoteleÐtai apì to tm ma thc qronik c periìdou ìpou h parembol  èqei isqÔ Ii, dÐnetai

apì th sqèsh:

FDP =
∑

∆P0,i =
∑ Iifi

NT
(3.3.2)

ìpou h �jroish gÐnetai gia ìla ta sumb�nta parembol c. H klasmatik  upob�jmish leitourgÐac

eÐnai sun�rthsh tou qrìnou ston opoÐo h stratosfairik  platfìrma brÐsketai sthn kÔria dèsmh

thc keraÐac tou stajmoÔ tou ED, kai thc st�jmhc parembol c pou prokaleÐ h stratosfairik 

platfìrmac. Oi basikèc arqèc thc klasmatik c upob�jmishc leitourgÐac (FDP ) paratÐjentai

sto Par�rthma Dþ.

Jewr¸ntac thn gewmetrÐa pou apeikonÐzetai sto sq ma 3.12, ìpou j eÐnai h gwnÐa dia-

qwrismoÔ metaxÔ thc kateÔjunshc thc kÔriac dèsmhc thc stratosfairik c platfìrmac proc

termatikì qr sth kai thc kateÔjunshc tou paremballìmenou stajmoÔ, f eÐnai h gwnÐa diaqwri-

smoÔ metaxÔ tou azimoujÐou thc epÐgeiac zeÔxhc kai thc kateÔjunshc proc thn stratosfairik 
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platfìrma, èqoume ìti h isqÔc parembol c apì thn stratosfairik  platfìrma proc ton epÐgeio

dèkth dÐnetai apì thn sqèsh:

I(H−T) = PH + GH(θ) + GT (φ)− LP1409 − Lfeeder (3.3.3)

ìpou:

PH : h puknìthta isqÔoc ekpomp c apì thn stratosfairik  platfìrma se dB(W/MHz),

GH(θ): to kèrdoc ekpomp c thc keraÐac thc platfìrmac se gwnÐa θ (dBi),

GT (φ): to kèrdoc l yhc thc keraÐac tou epÐgeiou stajmoÔ se gwnÐa φ (dBi),

LP1409: oi ap¸leiec pou lamb�nontai upìyh metaxÔ thc stratosfairik c platfìrmac kai

tou dèkth tou ED sÔmfwna me th sÔstash ITU-R P.1409 [43] sthn opoÐa anafèretai

ìti gia th sugkekrimènh diadrom  di�doshc oi mhqanismoÐ di�doshc perigr�fontai pl rwc

sthn sÔstash ITU-R P.619 [42], stic opoÐec sumperilamb�nontai oi ap¸leiec eleujèrou

qwrou, oi ap¸leiec lìgw broq c kai atmosfairik c aporrìfhshc. Ston dÐaulo metaxÔ

thc stratosfairik c platfìrmac kai twn epÐgeiwn stajm¸n, atmosfairik� aèria kai udra-

tmoÐ prokaloÔn exasjènhsh, h opoÐa exart�tai apì metewrologikoÔc par�gontec ìpwc

jermokrasÐa, pÐesh kai ugrasÐa kai ètsi metab�lletai an�loga me th gewgrafik  topo-

jesÐa, ton m na tou qrìnou, to Ôyoc tou stajmoÔ p�nw apì to epÐpedo thc j�lassac,

th gwnÐa anÔywshc kai th suqnìthta leitourgÐac.

Lfeeder: oi sunolikèc ap¸leiec trofodosÐac twn dÔo stajm¸n se dB.

Ta diagr�mmata aktinobolÐac twn kerai¸n twn stajm¸n tou ED basÐzontai sto akìloujo

majhmatikì montèlo [45]:

G(ϕ) = Gmax − 2.5× 10−3

(
D

λ
ϕ

)2

για 0◦ < ϕ < ϕm (3.3.4)

G(ϕ) = G1 για ϕm ≤ ϕ < 100
λ

D
(3.3.5)

G(ϕ) = 52− 10 log
D

λ
− 25 log ϕ για 100

λ

D
≤ ϕ < 48◦ (3.3.6)
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Sq ma 3.12: GewmetrÐa parembol c metaxÔ stratosfairik c platfìrmac kai epÐgeiac zeÔxhc

G(ϕ) = 10− 10 log
D

λ
για 48◦ ≤ ϕ ≤ 180◦ (3.3.7)

ìpou:

G1 = 2 + 15 log
D

λ
(3.3.8)

ϕm =
20λ

D

√
Gmax −G1 (3.3.9)

20 log
D

λ
≈ Gmax − 7.7 (3.3.10)

D: h di�metroc thc keraÐac,

λ: to m koc kÔmatoc (ekfrasmèno stic Ðdiec mon�dec),

G(ϕ): to kèrdoc thc keraÐac se gwnÐa ϕ wc proc thn kÔria kateÔjunsh (dBi),

ϕ: h gwnÐa apìklishc (moÐrec),

Gia ton upologismì thc el�qisthc exasjènhshc sthn z¸nh twn 47 GHz mporoÔn na qrhsi-

mopoihjoÔn oi parak�tw sqèseic:
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AL(h, θ) = 52.43/[1 + 0.7364θ + 0.03601θ2 − 0.001099θ3 + 0.8024× 10−5θ4

+ h(0.264 + 0.2479θ) + h2(0.08130 + 0.02637θ)]

(3.3.11)

AM (h, θ) = 47.00/[1 + 0.7004θ + 0.03568θ2 − 0.001081θ3 + 0.7878× 10−5θ4

+ h(0.2527 + 0.1970θ) + h2(0.05539 + 0.03239θ)]

(3.3.12)

AH(h, θ) = 46.70/[1 + 0.6872θ + 0.03637θ2 − 0.001105θ3 + 0.8087× 10−5θ4

+ h(0.2472 + 0.1819θ) + h2(0.04858 + 0.03221θ)]

(3.3.13)

ìpou AL(h, θ), AM (h, θ) kai AH(h, θ) oi olikèc atmosfairikèc ap¸leiec lìgw aporrìfhshc

(dB) gia perioqèc me qamhlì gewgrafikì pl�toc (e¸c 22.5 moÐrec apì ton Ishmerinì), mesaÐo

gewgrafikì pl�toc (an�mesa stic 22.5 kai 45 moÐrec apì ton Ishmerinì) kai uyhlì gewgrafikì

pl�toc (45 moÐrec kai perissìtero apì ton Ishmerinì) antÐstoiqa. h kai θ eÐnai to Ôyoc thc

keraÐac tou epÐgeiou stajmoÔ (Km) kai h gwnÐa anÔywshc (moÐrec) antÐstoiqa.

3.3.2.3 Proteinìmenh Katanom  Gwni¸n AnÔywshc EpÐgeiwn ZeÔxewn

Oi up�rqousec melètec thc ITU-R gia tic diadrom  di�doshc parembol c A1 [19], [24] basÐzontai

sth je¸rhsh ìti oi keraÐec twn stajm¸n tou EpÐgeiou DiktÔou èqoun kateÔjunsh proc thn

stratosfairik  platfìrma. Je¸rhsh pou sthn pragmatikìthta sp�nia sunant�tai. Sthn

paroÔsa enìthta proteÐnetai mia pio realistik  prosèggish pou basÐzetai stic up�rqousec

zeÔxeic sthn eurÔterh perioq  thc Attik c. H katanom  twn gwni¸n anÔywshc twn epÐgeiwn

stajm¸n pou proteÐnetai, kajorÐsthke apì èna deÐgma 1224 zeÔxewn se astikì kai proastiakì
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perib�llon. H katanom  twn gwni¸n anÔywshc parousi�zetai sto Sq ma 3.13, kai ston PÐnaka

3.4.

H jèsh twn epÐgeiwn zeÔxewn prosdiorÐsthke apì b�sh dedomènwn h opoÐa parèqei stoiqeÐa

gia tic up�rqousec zeÔxeic sthn gewgrafik  perioq  thc Attik c kai qrhsimopoioÔme 40 apì

tic pio qarakthristikèc epÐgeiec zeÔxeic se mia perioq  k�luyhc kuklik  me aktÐna 60 Km pou

kalÔptei gÔrw sta 11.300 Km2. To kèntro thc kuklik c aut c perioq c èqei tic akìloujec

gewgrafikèc suntetagmènec:

• gewgrafikì pl�toc: 38 moÐrec kai 8 pr¸ta

• gewgrafikì m koc: 23 moÐrec kai 40 pr¸ta

Oi pio qarakthristikèc jèseic twn stajm¸n tou ED sth sugkekrimènh perioq  apeikonÐzon-

tai sto Sq ma 3.14.

Sq ma 3.13: Katanom  gwni¸n anÔywshc kerai¸n epÐgeiwn stajm¸n se astikì kai proastiakì peri-
b�llon (Attik ), mèsh tim =2.5, tupik  apìklish=2.6
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PÐnakac 3.4: Katanom  gwni¸n anÔywshc ED (UAC/SAC)

GwnÐa AnÔywshc (◦) Katanom 

0-1.5 49%

1.5-4.5 38%

4.5-23 13%

 
Sq ma 3.14: Jèseic twn pio qarakthristik¸n epÐgeiwn stajm¸n

BasÐlhc F. M lac - Didaktorik  Diatrib  93



Kef�laio 3.

3.3.2.4 Stadiak  An�ptuxh StratosfairikoÔ DiktÔou

Oi up�rqousec melètec suntonismoÔ suqnot twn metaxÔ SD kai ED, èqoun esti�sei sthn polÔ

apl  perÐptwsh parembol c apì mÐa zeÔxh (stratìsfaira-proc-Gh) se ènan paremballìmeno

stajmì ED, kai sthn shmantik� pio polÔplokh perÐptwsh parembol c apì èna pl rwc ane-

ptugmèno SD.

Jewr same pio realistik , mia prosèggish pou dèqetai ìti to SD ja anaptuqjeÐ stadiak�

stic mellontikèc perioqèc k�luyhc tou, kai wc ek toÔtou h epÐdrash thc st�jmhc thc parembol c

apì stadiak� anaptussìmena SD prèpei na qarakthristeÐ.

Sthn melèth mac eis�goume thn ènnoia tou stadiak� anaptussìmenou SD pou afor� touc

epÐgeiouc termatikoÔc qr stec kai touc epÐgeiouc stajmoÔc pÔlec pou exhphreteÐ kaje for�.

Ston pÐnaka 3.5 faÐnontai oi diaforetikoÐ sqhmatismoÐ SD pou lamb�nontai upìyh sthn melèth.

Oi diaforetikèc peript¸seic an�lushc sth paroÔsa melèth, susqetÐzoun to posostì an�-

ptuxhc tou SD me ton arijmì twn epÐgeiwn termatik¸n tou SD sthn astik , proastiak  kai

agrotik  perioq  k�luyhc, kaj¸c kai me ton arijmì twn pulaÐwn stajm¸n sthn astik  kai

proastiak  perioq  k�luyhc.

PÐnakac 3.5: Susqètish posostoÔ an�ptuxhc tou SD me ton arijmì twn epÐgeiwn stajm¸n tou

SD termatikoÐ qr stec epÐgeioi stajmoÐ pÔlec epÐgeioi stajmoÐ pÔlec

pl rhc k�luyh astik  perioq  proastiak  perioq 

10% an�ptuxh 210 4 4

25% an�ptuxh 525 10 10

50% an�ptuxh 1050 20 20

75% an�ptuxh 1575 30 30

100% an�ptuxh 2100 40 40
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3.3.3 An�lush me b�sh thn Proteinìmenh Mèjodo

Sthn paroÔsa enìthta parousi�zontai ta apotelèsmata twn prosomoi¸sewn pou pragmatopoi -

jhkan me b�sh thn proteinìmenh mèjodo, gia ton qarakthrismì thc klasmatik c upob�jmishc

thc leitourgÐac tou ED lìgw parembol¸n apì SD se realistikì perib�llon an�ptuxhc twn

dÔo diktÔwn.

To pr¸to jèma pou melet�tai afor� ston qarakthrismì thc epÐdrashc tou prosanatolismoÔ

tou SD wc proc thn perioq  leitourgÐac tou ED, sta epÐpeda thc klasmatik c upob�jmishc

leitourgÐac (Fractional Degradation in Performance, FDP ) (§3.3.3.1). Sth sunèqeia exet�ze-

tai h aparaÐthth apìstash diaqwrismoÔ dsep metaxÔ twn dÔo perioq¸n leitourgÐac twn diktÔwn

(3.3.3.2).

3.3.3.1 EpÐdrash ProsanatolismoÔ StratosfairikoÔ DiktÔou

H melèth xekin� me thn je¸rhsh enìc 10% aneptugmènou SD, pou parèqei uphresÐec dutik� thc

perioq c an�ptuxhc tou ED, kai èna deÔtero me to Ðdio fortÐo, pou parèqei uphresÐec bìreia

thc perioq c an�ptuxhc tou ED. H epilog  twn perioq¸n an�ptuxhc twn SD ègine me b�sh th

sugkekrimènh gewmorfÐa thn perioq  thc Attik c (Ell�da). Oi perioqèc an�ptuxhc twn SD

kai tou ED eÐnai geitonikèc (mhdenik  apìstash diaqwrismoÔ). H gewmetrÐa thc sugkekrimènhc

je¸rhshc apeikonÐzetai sto Sq ma Gþ.1 (Par�rthma Gþ).

Apì to apotèlesma thc sÔgkrishc twn statistik¸n pou parousi�zontai sto Sq ma 3.15, h

an�lush epikentr¸jhke metaxÔ tou dutikoÔ SD kai tou ED. Ta epÐpeda FDP gia thn perÐptwsh

aut  emfanÐzontai na eÐnai qeirìtera apì thn perÐptwsh tou bìreiou SD, me mèsh tim  9.6% kai

apìklish gÔrw sto 24%.

H leitourgÐa twn dÔo diktÔwn me mhdenik  apìstash diaqwrismoÔ dsep = 0, apodeiknÔetai

dÔskolh akìma gia SD me qamhlì posostì an�ptuxhc. EntoÔtoic prèpei na shmeiwjeÐ, ìti oi

mèsec timèc FDP eÐnai arket� qamhlèc kai mikrìterec tou apodektoÔ krithrÐou FDP = 10%

(3.19% gia to bìreio SD, 9.62% gia to dutikì SD).
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Terrestrial Microwave Links
interfered by West placed HAPN
(10% loaded).Forward.

Terrestrial Microwave Links
interfered by West placed HAPN
(10% loaded).Return.A

Terrestrial Microwave Links
interfered by North placed
HAPN(10% loaded).Forward.

Terrestrial Microwave Links
interfered by North placed
HAPN(10% loaded).Return.A
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 Sq ma 3.15: Statistik� klasmatik c upob�jmishc thc leitourgÐac twn epÐgeiwn zeÔxewn apì 10%
aneptugmèno SD bìreia kai dutik� thc perioq c leitourgÐac twn epÐgeiwn stajm¸n - mhdenik  apìstash
diaqwrismoÔ

3.3.3.2 Kajorismìc Apost�sewn DiaqwrismoÔ metaxÔ twn Gewgrafik¸n Perio-

q¸n K�luyhc twn dÔo DiktÔwn

Ta apotelèsmata pou parousi�zontai sta Sq mata 3.16, 3.17 kai ston PÐnaka 3.6 upodeiknÔoun

ìti mia apìstash diaqwrismoÔ dsep thc t�xhc twn 130 Km eÐnai epark c gia thn prostasÐa twn

dekt¸n tou ED apì thn ajroistik  parembol  pou prokaleÐ èna 10% aneptugmèno SD. H

sqhmatik  anapar�stash thc apìstashc diaqwrismoÔ metaxÔ twn perioq¸n leitourgÐac tou

SD kai tou ED faÐnetai sto Sq ma Gþ.1 (Par�rthma Gþ). EpÐshc faner¸noun ìti ìtan to

SD eÐnai aneptugmèno kat� 25%, 50%, 75%, me thn Ðdia apìstash diaqwrismoÔ ta epÐpeda thc

klasmatik c upob�jmishc leitourgÐac tou ED xepernoÔn to epitreptì krit rio FDP = 10% .

Sugkekrimèna apì ta statistik� pou ex�gontai gia thn perÐptwsh pou paremb�lletai to ED

apì 10% aneptugmèno SD 130 Km makri� apì thn perioq  egkat�stashc tou ED, h pijanìthta

klasmatik c upob�jmishc leitourgÐac tou ED p�nw apì to apì to krit rio FDP = 10% eÐnai

mhdenik . Gia thn perÐptwsh pou paremb�lletai to ED apì apì 25% aneptugmèno SD 130

Km makri� apì thn perioq  egkat�stashc tou ED, h pijanìthta klasmatik c upob�jmishc

leitourgÐac tou ED p�nw apì to apì to krit rio FDP = 10% eÐnai 2.5%.
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Apì ta apotelèsmata pou parousi�zontai sto Sq ma 3.17 prokÔptei ìti gia thn perÐptwsh

pou paremb�lletai to ED apì 25% kai 50% aneptugmèno SD 130 Km makri� apì thn perioq 

egkat�stashc tou ED, h pijanìthta klasmatik c upob�jmishc leitourgÐac tou ED p�nw apì to

apì to krit rio FDP = 10% eÐnai thc t�xhc tou 5%. Apì ta apotelèsmata pou parousi�zontai

sto Sq ma 3.19 prokÔptei ìti gia thn perÐptwsh pou paremb�lletai to ED apì apì 75% kai

100% aneptugmèno SD 180 Km kai 230 Km antÐstoiqa makri� apì thn perioq  egkat�stashc

tou ED, h pijanìthta klasmatik c upob�jmishc leitourgÐac tou ED p�nw apì to krit rio

FDP = 10% eÐnai 2.5% kai mhdenik  antÐstoiqa.

H diaforetik  epÐdrash pou èqoun oi zeÔxeic tou SD me termatikoÔc qr stec kai touc

pulaÐouc (gateway) stajmoÔc sthn klasmatik  upob�jmish leitourgÐac tou ED, parousi�zetai

sto Sq ma 3.18. Apì thn sugkekrimènh melèth prokÔptei ìti h epib�runsh sthn prokaloÔmenh

FDP apì tic zeÔxeic tou SD me termatikoÔc qr stec xepern� to epitreptì krit rio kat� 5%

kai 3.5% gia 75% kai 50% aneptugmèno SD antÐstoiqa, en¸ h epib�runsh sthn prokaloÔmenh

FDP apì tic zeÔxeic tou SD me touc pulaÐouc stajmoÔc den xepern� to krit rio. Autì eÐnai

�mesh sunèpeia tou arijmoÔ twn pulaÐwn kai termatik¸n stajm¸n (PÐnakac 3.5).

Genik� ja prèpei na shmeiwjeÐ ìti oi mèsec timèc FDP eÐnai arket� qamhlèc (< 2%). To

gegonìc autì apoteleÐ mia pr¸th èndeixh pwc me thn uiojèthsh twn kat�llhlwn teqnik¸n

meÐwshc twn parembol¸n, h apìstash twn 130 Km ja mporeÐ na qrhsimopoieÐtai san krit rio

sunÔparxhc metaxÔ ED kai SD, akìma kai me an�ptuxh megalÔterh tou 10%.

Sugkentrwtik� gia tic suqnìthtec twn 48/47 GHz kai me uyìmetro stratosfairik c plat-

fìrmac ta 21 Km h kat�llhlh apìstash diaqwrismoÔ metaxÔ twn dÔo perioq¸n k�luyhc twn

dÔo diktÔwn (Sq ma Gþ.1) eÐnai ta 130 Km gia 10% aneptugmèno SD, kai ta 230 Km gia 100%

aneptugmèno SD. Oi apost�seic autèc eÐnai arket� mikrìterec apì aut  twn 772 Km pou pro-

teÐnei h ITU-R gia thn polÔ apl  perÐptwsh parembol c mÐac zeÔxhc SD se mÐa zeÔxh ED. Sto

Sq ma 3.20 apeikonÐzontai oi proteinìmenec apost�seic metaxÔ twn perioq¸n leitourgÐac tou

EpÐgeiou DiktÔou kai tou StratosfairikoÔ DiktÔou, ìpwc ex�gontai apì thn paroÔsa melèth

kai apì thn melèth thc ITU-R.
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TMLs interfered by HAPN  (10 % loaded - separation
distance  130Km)  .Return.All

TMLs interfered by HAPN  (25 % loaded - separation
distance   130Km).Return.All
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 Sq ma 3.16: Statistik� klasmatik c upob�jmishc leitourgÐac twn epÐgeiwn zeÔxewn apì 10% kai 25%
aneptugmèno SD 130 Km makri� apì thn perioq  egkat�stashc tou ED

TMLs interfered by HAPN  (50% loaded-
separation distance 130Km)  .Return.All ti

TMLs interfered by HAPN (75% loaded- separation
distance 130Km).Return.All times
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Sq ma 3.17: Statistik� klasmatik c upob�jmishc leitourgÐac twn epÐgeiwn zeÔxewn apì 50% kai 75%
anaptugmèno stratosfairikì dÐktuo 130 Km makri� apì thn perioq  egkat�stashc tou ED

98 BasÐlhc F. M lac - Didaktorik  Diatrib 



Kef�laio 3.

TMLs interfered by HAPN  ( 50%
loaded ,  Services to HAPUTs)
    1.Return.All ti

TMLs interfered by HAPN  ( 50%
loaded ,  Services to HAPGWs)
    .Return.All tim

TMLs interfered by HAPN  ( 75%
loaded,  Services to HAPUTs)
  .Return.All timest

TMLs interfered by HAPN  ( 75%
loaded,  Services to HAPGWs)
  .Return.All timest

P
ro

b
ab

ili
ty

 o
f 

ex
ce

ed
in

g
 t

h
e 

cr
it

er
io

n
 %

FDP %

0.01

0.1

1

10

100

0 5 10 15 20 25 30 35 40 45 50

 Sq ma 3.18: Statistik� klasmatik c upob�jmishc leitourgÐac twn epÐgeiwn zeÔxewn, sÔgkrish thc
epÐdrashc twn zeÔxewn me touc termatikoÔc qr stec kai me touc pulaÐouc (gateway) stajmoÔc

TMLs interfered by HAPN  (75 % loaded - separation
distance  180 Km)  .Return.Al

TMLs interfered by HAPN  (100 % loaded -
separation distance   230 Km).Return.Al
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Sq ma 3.19: Statistik� klasmatik c upob�jmishc leitourgÐac twn epÐgeiwn zeÔxewn, apì 75% kai
100% aneptugmèno stratosfairikì dÐktuo 180 Km kai 230 Km antÐstoiqa makri� apì thn perioq 
egkat�stashc tou ED
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PÐnakac 3.6: Statistik� FDP

Stratosfairikì DÐktuo Statistik� FDP

Paremb�llei dsep Qeirìterh tim  Mèsh tim  Tupik  apìklish

10% an�ptuxh bìreia 0 Km 129.17% 3.19% 14.58%

10% an�ptuxh dutik� 0 Km 134.05% 9.62% 23.98%

10% an�ptuxh 130 Km 6.34% 0.22% 0.89%

25% an�ptuxh 130 Km 14.45% 0.53% 2.17%

50% an�ptuxh 130 Km 29.09% 1.07% 4.38%

75% an�ptuxh 130 Km 41.25% 1.55% 6.32%

75% an�ptuxh 180 Km 20.95% 0.64% 3.05%

100% an�ptuxh 230 Km 6.59% 0.18% 0.83%
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Sq ma 3.20: SÔgkrish apìstasewn diaqwrismou metaxÔ ED kai SD
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3.3.4 Apotelèsmata Arqik c Melèthc

3.3.4.1 Qr stec sthn Astik  Perioq  K�luyhc tou StratosfairikoÔ DiktÔou

H melèth twn epipèdwn parembol c pou dèqontai oi stajmoÐ tou EpÐgeiou DiktÔou apì tic stra-

tosfairikèc platfìrmec pou kalÔptoun thn astik  z¸nh, xekin� me thn je¸rhsh miac strato-

sfairik c platfìrmac kai sthn sunèqeia exet�zontai ta epÐpeda parembol c pou prokaloÔntai

apì tèsseric stratosfairikèc platfìrmec [35]. H aktÐna thc astik c perioq c k�luyhc, gia

platfìrma sta 21 Km, eÐnai 36 perÐpou Km, en¸ oi gwnÐec anÔywshc twn termatik¸n kumaÐ-

nontai apì 30 èwc kai 90 moÐrec.

Arqik� st jhke mia stratosfairik  platfìrma pou epikoinwneÐ sthn proc ta k�tw zeÔxh

me èna epÐgeio termatikì. H gwnÐa anÔywshc tou epÐgeiou termatikoÔ eÐnai 30 moÐrec, akrib¸c

dhlad  sto ìrio thc astik c perioq c k�luyhc. To epÐgeio termatikì ja eÐnai stajer� se autì

to shmeÐo, gia ìlh thn di�rkeia thc prosomoÐwshc. EpÐshc st jhkan tèsseric mikrokumatikèc

epÐgeiec zeÔxeic, shmeÐou proc shmeÐo. Oi tèsseric epÐgeiec zeÔxeic èqoun sthjeÐ se sugkekri-

mènec jèseic, h mia apì autèc brÐsketai mèsa sthn astik  z¸nh k�luyhc thc stratosfairik c

platfìrmac, en¸ oi �llec brÐskontai se apìstash 10, 30 kai 50 Km makri� apì to sÔnoro thc

astik c z¸nhc k�luyhc.

H epilog  thc sugkekrimènhc topojesÐac leitourgÐac twn epÐgeiwn zeÔxewn ègine gia na me-

lethjoÔn ta epÐpeda parembol c pou ja dèqontai oi dèktec tou ED, an�loga me thn apìstas 

touc apì thn perioq  leitourgÐac thc stratosfairik c proc ta k�tw zeÔxhc. Gia thn stati-

stik  melèth twn parembol¸n pou dèqontai oi epÐgeioi dèktec, epilèqjhke h tuqaÐa katanom 

Monte Carlo gia tic jèseic twn epÐgeiwn dekt¸n. Oi dèktec ja lamb�noun tuqaÐec jèseic, kat�

thn di�rkeia thc prosomoÐwshc, gÔrw apì touc antÐstoiqouc epÐgeiouc pompoÔc touc, me touc

opoÐouc eÐnai se zeÔxh. Sto sq ma 3.21 faÐnontai ta apotelèsmata thc statistik c melèthc se

(cumulative distribution function - CDF) katanom .

To megalÔtero posostì twn tuqaÐwn jèsewn twn dekt¸n tou ED, stic opoÐec oi parembolèc

pou lamb�nontai eÐnai p�nw apì to ìrio twn -147.2 dB(W/MHz) (I/N = 15%), kai twn -

149 dB(W/MHz) (I/N = 10%) parathroÔntai gia thn epÐgeia zeÔxh pou brÐsketai 10 Km

makri� apì to ìrio thc astik c z¸nhc k�luyhc. To posostì autì eÐnai 4.15%, kai 7.30%

antÐstoiqa en¸ ta mèsa epÐpeda parembol c pou dèqetai o epÐgeioc dèkthc thc zeÔxhc aut c eÐnai

-164.96 dB(W/MHz) me tupik  apìklish 9.44 dB(W/MHz) kai qeirìterh st�jmh parembol c
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Sq ma 3.21: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c pou dèqontai oi stajmoÐ
tou ED apì mia zeÔxh thc stratosfairik c platfìrmac thc astik c z¸nhc

ta -141.85 dB(W/MHz). Gia thn epÐgeia zeÔxh, pou brÐsketai entìc thc z¸nhc k�luyhc thc

stratosfairik c platfìrmac, to posostì twn paremballìmenwn jèsewn, epÐ tou sunolikoÔ

arijm¸n twn tuqaÐwn jèsewn pou lamb�nei o dèkthc mèsw Monte Carlo an�lushc, eÐnai 1.10%

kai ta mèsa epÐpeda parembol c pou lamb�nei o epÐgeioc dèkthc thc zeÔxhc aut c eÐnai -166.08

dB(W/MHz) me tupik  apìklish 4.41 dB(W/MHz) kai qeirìterh st�jmh parembol c ta -

142.11 dB(W/MHz). Ta antÐstoiqa posost� mèshc lambanìmenhc parembol c eÐnai -173.83

dB(W/MHz) gia thn epÐgeia zeÔxh pou brÐsketai 30 Km makri� apì to ìrio thc astik c z¸nhc

k�luyhc kai -175.71 dB(W/MHz) gia thn epÐgeia zeÔxh pou brÐsketai 50 Km makri� apì to

ìrio thc astik c z¸nhc k�luyhc.

Gia na melethjeÐ statistik� h st�jmh sunajroistik c parembol c pou dèqontai oi epÐgeioi

dèktec anaptÔqjhkan 36 sunolik� epÐgeia termatik�, ta opoÐa ja kalÔptoun pl rwc thn asti-

k  z¸nh k�luyhc. Oi gwnÐec anÔywshc twn termatik¸n kumaÐnontai apì 30 èwc 90 moÐrec. H

stratosfairik  platfìrma ja prob�llei 36 dèsmec mÐa gia k�je epÐgeio termatikì, ìpwc akri-

b¸c èqoun sqediasjeÐ na leitourg soun oi platfìrmec autèc, ìpwc èqei  dh perigrafeÐ sto

Kef�laio 2. Apì to sq ma 3.22 faÐnetai pwc to posostì twn jèsewn pou lamb�nei o epÐgeioc

dèkthc, thc zeÔxhc pou leitourgeÐ mèsa sthn astik  perioq  an�ptuxhc twn termatik¸n, stic
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Sq ma 3.22: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c pou dèqontai oi stajmoÐ
tou ED apì 36 zeÔxeic thc stratosfairik c platfìrmac thc astik c z¸nhc

opoÐec h tim  thc parembol c ja xepern� to ìrio twn -147.2 dB(W/MHz) eÐnai 32%, en¸ ta

mèsa epÐpeda parembol c pou lamb�nei o dèkthc autìc eÐnai -148.01 dB(W/MHz) me tupik 

apìklish 4.09 dB(W/MHz) kai qeirìterh st�jmh parembol c ta -135.17 dB(W/MHz). To

posostì twn paremballìmenwn jèsewn, stic opoÐec oi parembolèc eÐnai megalÔterec apì to

epitreptì an¸tero ìrio kai ta mèsa epÐpeda parembol c eÐnai 5.49% kai -153.4 dB(W/MHz)

gia thn epÐgeia zeÔxh pou leitourgeÐ se apìstash 10 Km makri� apì to ìrio thc astik c z¸-

nhc k�luyhc, 0.20% kai -157.85 dB(W/MHz) gia thn zeÔxh pou leitourgeÐ se apìstash 30

Km makri� apì to ìrio thc astik c z¸nhc k�luyhc kai 0.10% kai -159.92 dB(W/MHz) gia

thn epÐgeia zeÔxh pou leitourgeÐ se apìstash 50 Km makri� apì to ìrio thc astik c z¸nhc

k�luyhc.

ParathroÔme epomènwc, pwc ìtan mia epÐgeia zeÔxh leitourgeÐ mèsa sthn astik  perioq 

k�luyhc thc stratosfairik c platfìrmac kai dèqetai parembolèc apì ton stajmì thc plat-

fìrmac, tìte eÐnai adÔnath h ikanopoihtik  koin  leitourgÐa thc me to stratosfairikì sÔsthma.

AntÐjeta gia epÐgeiec zeÔxeic pou leitourgoÔn se k�poia apìstash èxw apì thn perioq  an�ptu-

xhc tou stratosfairikoÔ sust matoc, ta epÐpeda parembol c mei¸nontai arket� se sqèsh me

thn apìstash. Ousiastik� loipìn se mia apìstash 50 Km kai p�nw, mia epÐgeia zeÔxh mporeÐ
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na leitourgeÐ armonik� me mia stratosfairik  platfìrma, ìtan h stratosfairik  platfìrma

prokaleÐ tic parembolèc.

JewroÔme èna nèo sen�rio ìpou tèsseric platfìrmec parèqoun k�luyh sthn astik  z¸nh

mìno. Oi apost�seic metaxÔ twn platfìrmwn eÐnai sta 75 Km, sen�rio pou antiproswpeÔei thn

qeirìterh perÐptwsh, kaj¸c oi phgèc parembol c brÐskontai sthn el�qisth dunat  apìstash

apì touc paremballìmenouc dèktec. H apìstash aut  eÐnai Ðsh me thn el�qisth apìstash

pou mporeÐ na èqoun sthn pragmatikìthta oi stratosfairikèc platfìrmec thc astik c z¸nhc,

afoÔ h aktÐna k�luyhc miac stratosfairik c platfìrmac sta 21 Km gia thn astik  z¸nh eÐnai

36 Km. H k�je platfìrma, ìpwc ègine kai sthn prohgoÔmenh prosomoÐwsh, ja prob�llei 36

dèsmec se k�je èna apì ta epÐgeia termatik� me ta opoÐa eÐnai sundedemènh. Oi gwnÐec anÔywshc

twn termatik¸n ja eÐnai apì 30 èwc kai 90 moÐrec. 'Etsi oi sunolikèc phgèc parembol c gia

to sen�rio autì ja eÐnai 144. Oi epÐgeiec zeÔxeic, oi dèktec twn opoÐwn ja paremb�llontai,

brÐskontai se apost�seic 10, 30 kai 50 Km kaj¸c kai �llh mÐa mèsa sthn perioq  k�luyhc

thc stratosfairik c platfìrmac.

Apì ta apotelèsmata gia autì to sen�rio (Sq ma 3.23) sumperaÐnoume oti to posostì twn

jèsewn, pou lamb�noun oi epÐgeioi dèktec, stic opoÐec oi parembolèc eÐnai megalÔterec apì to

epitreptì an¸tato ìrio twn twn -147.2 dB(W/MHz) (I/N = 15%) kai twn -149 dB(W/MHz)

(I/N = 10%), eÐnai kont� sto 40% kai 48% antÐstoiqa. Ta epÐpeda twn parembol¸n pou

dèqetai o epÐgeioc dèkthc, pou brÐsketai mèsa sthn perioq  an�ptuxhc twn termatik¸n tou

stratosfairikoÔ sust matoc thc astik c z¸nhc, eÐnai -146.65 dB(W/MHz). Gia ton epÐgeio

dèkth pou brÐsketai se apìstash 10 Km to posostì paremballìmenwn jèsewn eÐnai 9.69%, en¸

ta mèsa epÐpeda parembol c eÐnai -150.82 dB(W/MHz). Gia ton epÐgeio dèkth pou lamb�nei

tuqaÐec jèseic se apìstash 30 Km apì to ìrio thc astik c perioq c k�luyhc, to posostì

twn paremballìmenwn jèsewn eÐnai 4.70% kai to antÐstoiqo mèso epÐpedo parembol c -154.32

dB(W/MHz). Tèloc gia ton epÐgeio dèkth thc zeÔxhc pou brÐsketai se apìstash 50 Km apì

to sÔnoro thc astik c perioq c k�luyhc, to posostì paremballìmenwn jèsewn kai ta mèsa

epÐpeda parembol c eÐnai 4% kai -155.82 dB(W/MHz), antÐstoiqa.

An sugkrÐnoume ta apotelèsmata thc prosomoÐwshc ìpou tèsseric stratosfairikèc plat-

fìrmec paremb�lloun stouc epÐgeiouc dèktec, me ta apotelèsmata thc prosomoÐwshc ìpou

mia mìno stratosfairik  platfìrma dhmiourgoÔse parembolèc, tìte parathroÔme mia shman-

tik  aÔxhsh sta posost� twn paremballìmenwn tuqaÐwn jèsewn twn epÐgeiwn dekt¸n. Met�

apì diadoqikèc melètec sumperaÐnoume pwc gia mia epÐgeia zeÔxh se apìstash 165 Km makri�
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Sq ma 3.23: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c pou dèqontai oi stajmoÐ
tou ED apì 144 zeÔxeic tess�rwn stratosfairik¸n platfìrmwn thc astik c z¸nhc

apì thn astik  z¸nh k�luyhc, to posostì upèrbashc tou krithrÐou eÐnai polÔ mikrì, Ðso me

0.40%, en¸ to antÐstoiqo mèso epÐpedo parembol c pou lamb�nei o epÐgeioc dèkthc eÐnai -167.31

dB(W/MHz). H apìstash aut  eÐnai epomènwc arket  gia thn armonik  leitourgÐa twn epÐ-

geiwn dekt¸n, ìtan dèqontai parembolèc apì stratosfairikèc platfìrmec thc astik c z¸nhc

k�luyhc.

PÐnakac 3.7: Apost�seic DiaqwrismoÔ epÐgeiac zeÔxhc apì to ìrio thc astik c perioq c k�luyhc
stratosfairik c platfìrmac sta 21 Km, sta 48/47 GHz

Arijmìc Platform¸n Posostì An�ptuxhc SD EpÐgeio DÐktuo Apìstash DiaqwrismoÔ

1 HAPS <10% mÐa epÐgeia zeÔxh 50 Km

4 HAPS <10% mÐa epÐgeia zeÔxh 165 Km
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3.3.4.2 Qr stec sthn Agrotik  Perioq  K�luyhc tou StratosfairikoÔ DiktÔou

Gia thn melèth twn parembol¸n twn zeÔxewn thc stratosfairik c platfìrmac me agrotikoÔc

qr stec èqei sthjeÐ mÐa stratosfairik  platfìrma, h opoÐa parèqei k�luyh sthn agrotik 

z¸nh k�luyhc. EpÐshc 36 termatik� èqoun anaptuqjeÐ sthn agrotik  perioq  k�luyhc, oi

gwnÐec anÔywshc twn opoÐwn kumaÐnontai apì 7.5◦ èwc 15◦. Se k�je epÐgeio termatikì h

stratosfairik  platfìrma ja prob�llei kai apì mÐa dèsmh. Epiplèon tèsseric epÐgeiec zeÔxeic

èqoun sthjeÐ me ton Ðdio trìpo ìpwc kai sthn prohgoÔmenh perÐptwsh pou melet same, dhlad 

mÐa zeÔxh mèsa sthn agrotik  z¸nh k�luyhc kai �llec treic se apost�seic 10, 30 kai 50 Km

apì to ìrio thc agrotik c z¸nhc k�luyhc. Kai gia tic tèsseric epÐgeiec zeÔxeic, oi dèktec touc

ja lamb�noun tuqaÐec jèseic mèsw thc katanom c Monte Carlo.

Ta apotelèsmata thc an�lushc parembol¸n apì mÐa stratosfairik  platfìrma parousi�-

zontai sto Sq ma 3.24. Oi apost�seic metaxÔ twn stratosfairik¸n platfìrmwn eÐnai 200 Km

apì thn arqik  platfìrma. Apì ta apotelèsmata prokÔptei mikr  diafor� metaxÔ thc apl c

kai sunajroistik c parembol c. To megalÔtero posostì paremballìmenwn jèsewn parathreÐ-

tai (gia thn pr¸th perÐptwsh) gia thn epÐgeia zeÔxh pou brÐsketai se apìstash 10 Km apì to

ìrio thc agrotik c z¸nhc k�luyhc. To posostì eÐnai 66.23%, en¸ to antÐstoiqo mèso epÐpedo

parembol c pou lamb�nei o epÐgeioc dèkthc eÐnai -144.12 dB(W/MHz). Gia thn zeÔxh pou lei-

tourgeÐ mèsa sthn agrotik  z¸nh k�luyhc, to posostì paremballìmenwn jèsewn eÐnai 42.06%,

en¸ gia tic zeÔxeic pou leitourgoÔn se apìstash 30 kai 50 Km, ta antÐstoiqa posost� eÐnai

15.08% kai 6.79%. Ta mèsa epÐpeda parembol c pou lamb�noun oi dèktec twn epÐgeiwn zeÔxewn

pou leitourgoÔn entìc thc agrotik c z¸nhc k�luyhc, se apìstash 30 Km kai 50 Km makri�

apì to ìrio thc agrotik c z¸nhc k�luyhc eÐnai -158.11 dB(W/MHz), -150.63 dB(W/MHz) kai

-147.61 dB(W/MHz).

ParathroÔme ìti ta epÐpeda thc prokaloÔmenhc parembol c eÐnai isqurìtera apì ekeÐna ìpou

h platfìrma pareÐqe uphresÐec sthn astik  z¸nh k�luyhc. Autì ofeÐletai stic qamhlìterec

gwnÐec anÔywshc twn stratosfairik¸n zeÔxewn. Kaj¸c oi gwnÐec anÔywshc twn zeÔxewn

thc stratosfairik c platfìrmac mei¸nontai, tìte ta s mata parembol c ja lamb�nontai apì

touc epÐgeiouc paremballìmenouc dèktec sqhmatÐzontac mikrìterec gwnÐec me thn dieÔjunsh tou

kÔriou loboÔ aktinobolÐac touc. Autì èqei san apotèlesma to s ma parembol c na lamb�netai

me megalÔtero kèrdoc apì thn keraÐa tou paremballìmenou dèkth. Apì ta apotelèsmata thc

arqik c melèthc [36], prokÔptoun telik� oi apost�seic diaqwrismoÔ pou parousi�zontai ston

PÐnaka 3.8.
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Sq ma 3.24: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c pou dèqontai oi stajmoÐ
tou ED apì 36 zeÔxeic thc stratosfairik c platfìrmac thc agrotik c z¸nhc

PÐnakac 3.8: Apost�seic DiaqwrismoÔ epÐgeiac zeÔxhc apì to ìrio thc agrotik c perioq c k�luyhc
stratosfairik c platfìrmac sta 21 Km, sta 48/47 GHz

Arijmìc Platform¸n Posostì An�ptuxhc SD EpÐgeio DÐktuo Apìstash DiaqwrismoÔ

1 HAPS <10% mÐa epÐgeia zeÔxh > 50 Km

4 HAPS <10% mÐa epÐgeia zeÔxh > 165 Km
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3.4 Diadrom  Di�doshc Parembol c A2

H diadrom  di�doshc parembol c A2 anafèretai stic parembolèc pou prokaloÔntai apì touc

epÐgeiouc stajmoÔc tou StratosfairikoÔ DiktÔou proc touc dèktec tou EpÐgeiou DiktÔou. H

parembol  gÐnetai sthn suqnìthta �nw zeÔxhc tou SD f1 (an�jesh sta 47.9-48.2 GHz). Stic

epìmenec paragr�fouc parousi�zontai ta up�rqonta krit ria sunÔparxhc, kai proteÐnetai èna

jewrhtikì montèlo ektÐmhshc thc ajroistik c parembol c pou prokaleÐtai apì touc epÐgeiouc

stajmoÔc tou SD proc stajmì tou ED, me b�sh to opoÐo melet¸ntai nèec apost�seic sunto-

nismoÔ metaxÔ epÐgeiou dèkth kai tou shmeÐou nadÐr thc stratosfairik c platfìrmac gia thn

melèth pou afor� stratosfairikèc platfìrmec pou parèqoun k�luyh sthn astik  z¸nh. Gia

stratosfairikèc platfìrmec pou parèqoun k�luyh sthn proastiak  kai agrotik  z¸nh, mele-

t�tai h pijanìthta sunÔparxhc twn stajm¸n tou ED kai twn stajm¸n tou SD, sthn perÐptwsh

pou oi pr¸toi anaptÔssontai se tuqaÐec jèseic mèsa sthn proastiak  perioq , kai mèsa sthn

agrotik  perioq  k�luyhc tou SD.

3.4.1 Up�rqonta Krit ria SunÔparxhc

H sunÔparxh tou ED kai tou SD se koin  perioq  kai suqnìthta parousi�zei shmantik  dusko-

lÐa lìgw tou meg�lou oratoÔ pedÐou thc stratosfairik c platfìrmac. Kai stic treic perioqèc

summetrik c k�luyhc gÔrw apì to shmeÐo nadÐr thc stratosfairik c platfìrmac (Astik ,

Proastiak , Agrotik ), h NIB5 sunÔparxh eÐnai efikt  e�n to ED brÐsketai èxw apì to oratì

pedÐo thc stratosfairik c platfìrmac. 'Opwc sumperaÐnetai apì thn sÔstash ITU-F.1608

[19], peraitèrw melèth ja  tan shmantik  gia thn eÔresh epiprìsjetwn leitourgik¸n senarÐ-

wn kai teqnik¸n pou ja dieukolÔnoun thn sunÔparxh twn stajm¸n tou ED kai tou SD sthn

qiliostometrik  z¸nh.

Sthn sÔstash ITU-F.1608 [19] prosdiorÐzontai oi akìloujec apost�seic suntonismoÔ wc

krit rio sunÔparxhc metaxÔ twn epÐgeiwn stajm¸n twn dÔo diktÔwn:

• 31 Km gia thn perÐptwsh pou h parembol  prokaleÐtai apì epÐgeiouc stajmoÔc tou SD,

oi opoÐoi leitourgoÔn sthn astik  perioq  k�luyhc,

• 28 Km gia thn perÐptwsh pou h parembol  prokaleÐtai apì epÐgeiouc stajmoÔc tou SD,

oi opoÐoi leitourgoÔn sthn proastiak  perioq  k�luyhc,
5Non-Interference-Basis, sunÔparxh sthn arq  thc mh parembol c
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• 28 Km gia thn perÐptwsh pou h parembol  prokaleÐtai apì epÐgeiouc stajmoÔc tou SD,

oi opoÐoi leitourgoÔn sthn agrotik  perioq  k�luyhc.

Oi apost�seic autèc upologÐzontai me thn je¸rhsh ìti oi stajmoÐ tou ED anaptÔssontai

ektìc thc perioq c k�luyhc tou SD.

3.4.2 Jewrhtikì Montèlo EktÐmhshc Parembol c

3.4.2.1 IsqÔc Ajroistik c Parembol c

H isqÔc ajroistik c parembol c pou prokaleÐtai apì touc epÐgeiouc stajmoÔc tou SD proc

èna epÐgeio stajmì tou ED dÐnetai apo thn sqèsh:

IAg(H−T ) = 10 log
∑

i

∑

j

10
I(H−T )

10 (3.4.1)

ìpou I(H−T ) h isqÔc parembol c pou prokaleÐtai apì epÐgeio stajmì tou SD proc èna epÐgeio

stajmì tou ED kai h opoÐa dÐnetai apì thn (3.4.2). Sto Sq ma 3.25 apeikonÐzontai h gewmetrÐa

parembol c metaxÔ twn epÐgeiwn stajm¸n tou SD kai twn stajm¸n tou ED, kai oi metablhtèc

pou lamb�nontai upìyh sth melèth.

I(H−T ) = PH + GH

(
θ(H−T )

)
+ GT

(
φ(T−H)

)− Lb(p)− Lf (3.4.2)

ìpou:

PH : h puknìthta isqÔoc ekpomp c tou epÐgeiou stajmoÔ tou SD se dB(W/MHz),

GH

(
θ(H−T )

)
: to kèrdoc ekpomp c thc keraÐac tou epÐgeiou stajmoÔ tou SD se gwnÐa

θ(H−T ) metaxÔ thc kateÔjunshc thc kÔriac dèsmhc tou epÐgeiou stajmoÔ SD kai thc

kateÔjunshc tou paremballìmenou stajmoÔ tou ED, (dBi),

GT

(
φ(T−H)

)
: to kèrdoc l yhc thc keraÐac tou stajmoÔ tou ED se gwnÐa φ(T−H) me-

taxÔ thc kateÔjunshc thc kÔriac dèsmhc tou stajmoÔ tou ED kai thc kateÔjunshc tou

paremb�llontoc epÐgeiou stajmoÔ tou SD, (dBi),
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Lb(p): Oi basikèc ap¸leiec di�doshc pou den prèpei na xeperastoÔn gia posostì tou

qrìnou p(%) sÔmfwna me thn sÔstash ITU-R P.452 [41], (dB)

Lf : oi sunolikèc ap¸leiec trofodosÐac twn stajm¸n twn dÔo diktÔwn, (dB).
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Sq ma 3.25: GewmetrÐa parembol c metaxÔ twn epÐgeiwn stajm¸n tou SD kai twn stajm¸n tou ED

Me b�sh th sugkekrimènh gewmetrÐa pou apeikonÐzetai sto Sq ma 3.25, kai an jewr soume

ìti ìloi oi epÐgeioi stajmoÐ tou SD se k�je z¸nh k�luyhc ekpèmpoun me thn Ðdia isqÔ, oi

(3.4.1), (3.4.2) aplopoioÔntai wc akoloÔjwc:

IAg(H−T ) = K + 10 log
∑

i

∑

j

gH(θ(H−T )) · gT (φ(T−H))
(dTr−Aij )2

(3.4.3)

ìpou:

(dTr−Aij)2 = (|j · dhaps|)2 + (dcoord + i · dhaps)
2 (3.4.4)

K: stajer 
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dTr−Aij : h apìstash pou dianÔei to s ma parembol c apì ton ek�stote epÐgeio stajmì

tou SD (Aij) e¸c ton dèkth tou ED.

dhaps: h apìstash metaxÔ epÐgeiwn stajm¸n tou SD. Endeiktik� gia thn astik  z¸-

nh k�luyhc, jewr¸ntac 100 omodiaulikoÔc qr stec (suntelest c epanaqrhsimopoÐhshc

suqnìthtac 7:1), h apìstash dhaps eÐnai Ðsh me 7.2 Km,

dcoord: h apìstash suntonismoÔ metaxÔ tou dèkth tou ED kai tou shmeÐou nadÐr thc

stratosfairik c platfìrmac.

EÐnai axioshmeÐwto na epishm�noume ìti gia tic peript¸seic ajroistik c parembol c, èqei

anaptuqjeÐ èna montèlo apì thn ITU-R, to opoÐo lamb�nei upìyh thn pragmatik  mèsh tim 

tou kèrdouc thc keraÐac. Autì to montèlo perigr�fetai sth sÔstash ITU-R F.1245 [29].

Lamb�nontac upìyh ìti o lìgoc diamètrou thc keraÐac proc to m koc kÔmatoc eÐnai mikrìteroc

apì 100 6, ta diagr�mmata aktinobolÐac twn kerai¸n twn stajm¸n tou ED basÐzontai sto

akìloujo majhmatikì montèlo:

G(θ) = Gmax − 2.5× 10−3(
D

λ
θ)2 για 0 ≤ θ < ϕm (3.4.5)

G(θ) = 39− 5 log
D

λ
− 25 log θ για ϕm ≤ θ < 48◦ (3.4.6)

G(θ) = −3− 5 log
D

λ
για 48◦ ≤ θ ≤ 180◦ (3.4.7)

ìpou:

ϕm = 20λ
D

√
Gmax −G1,

G1 = 2 + 15 log D
λ ,

D: h di�metroc thc keraÐac,

λ: to m koc kÔmatoc (ekfrasmèno stic Ðdiec mon�dec),

G(θ): to kèrdoc thc keraÐac se gwnÐa θ wc proc thn kÔria kateÔjunsh (dBi),
6mègisto kèrdoc 23 dBi gia thn astik  z¸nh kai 38 dBi gia thn proastiak  kai agrotik  z¸nh antÐstoiqa

BasÐlhc F. M lac - Didaktorik  Diatrib  111



Kef�laio 3.

Gmax: to mègisto kèrdoc thc keraÐac (dBi),

θ: h gwnÐa apìklishc apì ton kÔrio lobì aktinobolÐac thc keraÐac (moÐrec).

3.4.2.2 Basikèc Ap¸leiec Di�doshc

Oi basikèc ap¸leiec di�doshc metaxÔ tou epÐgeiou stajmoÔ tou SD kai tou stajmoÔ tou ED,

pou den prèpei na xeperastoÔn gia posostì tou qrìnou p(%) upologÐzontai sÔmfwna me thn

sÔstash ITU-R P.452 [41] wc:

Lb(p) = 92.5 + 20 log f + 20 log dTr−Aij + Es(p) + Ag (dB) (3.4.8)

ìpou:

f : h suqnìthta (GHz), (47.9 GHz se aut  th melèth),

Es(p): diìrjwsh gia ap¸leiec lìgw poludiadromik c di�doshc kai stìqeushc

Es(p) = 2.6(1 − e−dTr−Aij
/10) log(p/50) (dB) (3.4.9)

Ag: sunolik  aporrìfhsh aerÐwn

Ag = [γ0 + γw(ρ)] dTr−Aij (dB) (3.4.10)

γ0, γw(ρ): eidik  apìsbesh lìgw aerÐwn kai udratm¸n, sÔmfwna me th sÔstash ITU-R

P.676

ρ: puknìthta udratm¸n

ρ = 7.5 + 2.5ω (g/m3) (3.4.11)

ω: mèroc thc sunolik c diadrom c di�doshc p�nw apì epif�neia me nerì.
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3.4.3 Melèth Apost�sewn SuntonismoÔ

3.4.3.1 Melèth gia Stratosfairikèc Platfìrmec pou Parèqoun K�luyh sthn

Astik  Z¸nh

Ston PÐnaka 3.9, parousi�zontai oi par�metroi tou EpÐgeiou kai tou StratosfairikoÔ DiktÔou

pou lamb�nontai upìyh sthn melèth apost�sewn suntonismoÔ.

PÐnakac 3.9: Par�metroi tou ED kai tou SD

Par�metroi Timèc

Suqnìthta 47.9 GHz

EpÐgeio DÐktuo Di�gramma aktinobolÐac ITU-R F.1245

Mègisto kèrdoc keraÐac 46 dBi

Stratosfairikì DÐktuo Di�metroc perioq c k�luyhc Astik  Proastiak  Agrotik 

72 Km 153 Km 405 Km

Jèsh platfìrmac 21 Km

Di�gramma aktinobolÐac ITU-R F.1245

Mègisto kèrdoc keraÐac Astik  Proastiak  Agrotik 

23 dBi 38 dBi 38 dBi

Arijmìc epÐgeiwn stajm¸n 100 omodiaulikoÐ / z¸nh

Apìstash metaxÔ stajm¸n Astik  Proastiak  Agrotik 

7.2 Km 13.4 Km 37.5 Km

H melèth twn apost�sewn suntonismoÔ xekin� me thn je¸rhsh miac stratosfairik c plat-

fìrmac pou parèqei uphresÐec sthn astik  z¸nh, me aktÐna k�luyhc pou ft�nei ta 36 Km.

Sto Sq ma 3.26 apeikonÐzetai h anagkaÐa apìstash suntonismoÔ metaxÔ tou stajmoÔ tou ED

kai tou shmeÐou anafor�c k�tw apì thn platfìrma, wc sun�rthsh thc gwnÐac azimoujÐou tou

stajmoÔ tou ED, ìpwc upologÐsthke me b�sh to jewrhtikì montèlo pou parousi�sthke sthn

prohgoÔmenh enìthta. H megalÔterh apìstash apaiteÐtai gia azimoujiak  gwnÐa δ Ðsh me 0◦.

Gia gwnÐa δ Ðsh me 1◦ eÐnai anagkaÐa mia apìstash twn 55 Km. H ITU proteÐnei wc aparaÐthth

apìstash suntonismoÔ ta 67 Km, en¸ to eÔroc apost�sewn pou prokÔptoun apì th paroÔsa

melèth eÐnai apì 65 Km h mègisth, e¸c 36 Km h el�qisth.

Sto Sq ma 3.27 apeikonÐzetai h apìstash suntonismoÔ wc sun�rthsh thc gwnÐac anÔywshc

ζ tou stajmoÔ tou ED. ParathroÔme ìti gia gwniak  apìklish 1◦ (apì gwnÐa ζ=0◦ se ζ=1◦)

h anagkaÐa apìstash suntonismoÔ mei¸netai kat� 7 Km, en¸ mei¸netai stadiak� mèqri kai gia

BasÐlhc F. M lac - Didaktorik  Diatrib  113



Kef�laio 3.

-10

0

10

20

30

40

50

60

70
0

15

30

45

60

75

90

105

120

135

150

165

180

195

210

225

240

255

270

285

300

315

330

345

���������
	
ITU Series3

 
Sq ma 3.26: Apìstaseic suntonismoÔ metaxÔ tou stajmoÔ tou ED kai tou nadÐr thc stratosfairi-
k c platfìrmac sthn perÐptwsh ajroistik c parembol c apì 100 omodiaulikoÔc qr stec sthn astik 
perioq  sunart sei thc gwnÐac δ

gwnÐa ζ=7◦, ìpou stajeropoieÐtai sta 36 Km.

Ja prèpei na shmeiwjeÐ ìti h proteinìmenh apìstash suntonismoÔ twn 36 Km gia gwnÐec δ

megalÔterec twn 4◦ eÐnai endeiktik , kaj¸c eÐnai efikt  h sunÔparxh twn dÔo susthm�twn kai

se mikrìterec apost�seic se arketèc peript¸seic.

3.4.3.2 Melèth gia Stratosfairikèc Platfìrmec pou Parèqoun K�luyh sthn

Proastiak  kai Agrotik  Z¸nh

Sthn perÐptwsh thc proastiak c kai agrotik c z¸nhc diapist¸jhke ìti h sunÔparxh twn epÐ-

geiwn stajm¸n twn dÔo diktÔwn eÐnai efikt  akìma kai sthn Ðdia perioq  k�luyhc. Gia autì

to lìgo melet�tai h pijanìthta sunÔparxhc twn stajm¸n tou ED kai twn stajm¸n tou SD,
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Sq ma 3.27: Apìstash suntonismoÔ metaxÔ tou stajmoÔ tou ED kai tou nadÐr thc stratosfairi-
k c platfìrmac sthn perÐptwsh ajroistik c parembol c apì 100 omodiaulikoÔc qr stec sthn astik 
perioq  sunart sei thc gwnÐac ζ

sthn perÐptwsh pou oi pr¸toi anaptÔssontai se tuqaÐec jèseic mèsa sthn proastiak  perioq ,

kai mèsa sthn agrotik  perioq  k�luyhc tou SD

Oi metablhtèc pou lamb�nontai upìyh sth melèth eÐnai oi akìloujec:

• Elegqìmenec metablhtèc:

– montèla di�doshc,

∗ me b�sh to montèlo thc sÔstashc ITU-R P.452,

– teqnik� qarakthristik� stajm¸n,

∗ gia touc stajmoÔc tou ED: §3.2.2
∗ gia touc stajmoÔc tou SD: §2.8

– epitreptì krit rio parembol c,

∗ me b�sh tic timèc tou PÐnaka 3.2

• Anex�rthtec metablhtèc:

– gwnÐa δ (azimoÔjio paremballìmenhc zeÔxhc),
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∗ PerÐptwsh I: δ=90◦

∗ PerÐptwsh II: δ metaballìmenh se eÔroc 90◦ apì thn arqik  tim  δ=90◦ (tuqaÐa

metablht  Monte Carlo)

∗ PerÐptwsh III: δ metaballìmenh se ìlo to eÔroc pijan¸n gwni¸n (tuqaÐa meta-

blht  Monte Carlo)

– gwnÐa ζ (gwnÐa anÔywshc epÐgeiou stajmoÔ ED),

∗ PerÐptwsh I: ζ=0◦

∗ PerÐptwsh II: ζ metaballìmenh apì 0◦ e¸c 7◦ (tuqaÐa metablht  Monte Carlo)

∗ PerÐptwsh III: ζ metaballìmenh apì 0◦ e¸c 23◦ (tuqaÐa metablht  Monte Carlo)

• Exart¸menh metablht :

– st�jmh omodiaulik c parembol c.

3.4.3.2.1 PerÐptwsh I Ta Sq mata 3.28, 3.29 mac dÐnoun thn plhroforÐa gia thn pijanì-

thta sunÔparxhc twn stajm¸n tou ED kai twn stajm¸n tou SD, sthn perÐptwsh pou oi pr¸toi

anaptÔssontai se tuqaÐec jèseic mèsa sthn proastiak  (Sq ma 3.28) perioq , kai mèsa sthn

agrotik  perioq  k�luyhc tou SD (Sq ma 3.29). Oi anex�rthtec metablhtèc eÐnai sÔmfwnec

me tic upojèseic th PerÐptwshc I.

Gia thn pr¸th perÐptwsh parathreÐtai mèsh st�jmh parembol c -168.7 dBW, kai qeirìterh

st�jmh parembol c ta -100.5 dBW, en¸ sth perÐptwsh ìpou oi parembolèc prokaloÔntai apì

touc epÐgeiouc stajmoÔc sthn agrotik  perioq  k�luyhc tou SD, parathreÐtai mèsh st�jmh

parembol c -174.4 dBW, kai qeirìterh st�jmh parembol c ta -97.3 dBW. To krit rio parem-

bol c ìpwc  dh èqei anaferjeÐ eÐnai ta -132 dBW. To posostì upèrbashc tou krithrÐou eÐnai

4.5% kai 1.8% antÐstoiqa.

3.4.3.2.2 PerÐptwsh II Ta Sq mata 3.30, 3.31 mac dÐnoun thn plhroforÐa gia thn pijanì-

thta sunÔparxhc twn stajm¸n tou ED kai twn stajm¸n tou SD, sthn perÐptwsh pou oi pr¸toi

anaptÔssontai se tuqaÐec jèseic mèsa sthn proastiak  (Sq ma 3.30) perioq , kai mèsa sthn

agrotik  perioq  k�luyhc tou SD (Sq ma 3.31). Oi anex�rthtec metablhtèc eÐnai sÔmfwnec

me tic upojèseic th PerÐptwshc II.

Gia thn pr¸th perÐptwsh parathreÐtai mèsh st�jmh parembol c -168.9 dBW, kai qeirìterh

st�jmh parembol c ta -107.2 dBW, en¸ sth perÐptwsh ìpou oi parembolèc prokaloÔntai apì
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Sq ma 3.28: Sumperifor� st�jmhc omodiaulik c parembol c gia tuqaÐec jèseic tou stajmoÔ tou ED
mèsa sthn proastiak  perioq  k�luyhc tou SD - PerÐptwsh I
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Sq ma 3.29: Sumperifor� st�jmhc omodiaulik c parembol c gia tuqaÐec jèseic tou stajmoÔ tou ED
mèsa sthn agrotik  perioq  k�luyhc tou SD - PerÐptwsh I
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Sq ma 3.30: Sumperifor� st�jmhc omodiaulik c parembol c gia tuqaÐec jèseic tou stajmoÔ tou ED
mèsa sthn proastiak  perioq  k�luyhc tou SD - PerÐptwsh II

touc epÐgeiouc stajmoÔc sthn agrotik  perioq  k�luyhc tou SD, parathreÐtai mèsh st�jmh

parembol c -174.7 dBW, kai qeirìterh st�jmh parembol c ta -106 dBW. To krit rio parem-

bol c ìpwc  dh èqei anaferjeÐ eÐnai ta -132 dBW. To posostì upèrbashc tou krithrÐou eÐnai

1.6% kai 0.8% antÐstoiqa.

3.4.3.2.3 PerÐptwsh III Ta Sq mata 3.32, 3.33 mac dÐnoun thn plhroforÐa gia thn pi-

janìthta sunÔparxhc twn stajm¸n tou ED kai twn stajm¸n tou SD, sthn perÐptwsh pou

oi pr¸toi anaptÔssontai se tuqaÐec jèseic mèsa sthn proastiak  (Sq ma 3.32) perioq , kai

mèsa sthn agrotik  perioq  k�luyhc tou SD (Sq ma 3.33). Oi anex�rthtec metablhtèc eÐnai

sÔmfwnec me tic upojèseic th PerÐptwshc II.

Gia thn pr¸th perÐptwsh parathreÐtai mèsh st�jmh parembol c -170.5dBW, kai qeirìterh

st�jmh parembol c ta -110.8 dBW, en¸ sth perÐptwsh ìpou oi parembolèc prokaloÔntai apì

touc epÐgeiouc stajmoÔc sthn agrotik  perioq  k�luyhc tou SD, parathreÐtai mèsh st�jmh

parembol c -176.1 dBW, kai qeirìterh st�jmh parembol c ta -123 dBW. To krit rio parem-

bol c ìpwc  dh èqei anaferjeÐ eÐnai ta -132 dBW. To posostì upèrbashc tou krithrÐou eÐnai

0.6% kai 0.4% antÐstoiqa.
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 Sq ma 3.31: Sumperifor� st�jmhc omodiaulik c parembol c gia tuqaÐec jèseic tou stajmoÔ tou ED
mèsa sthn agrotik  perioq  k�luyhc tou SD - PerÐptwsh II
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 Sq ma 3.32: Sumperifor� st�jmhc omodiaulik c parembol c gia tuqaÐec jèseic tou stajmoÔ tou ED
mèsa sthn proastiak  perioq  k�luyhc tou SD - PerÐptwsh III
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 Sq ma 3.33: Sumperifor� st�jmhc omodiaulik c parembol c gia tuqaÐec jèseic tou stajmoÔ tou ED
mèsa sthn agrotik  perioq  k�luyhc tou SD - PerÐptwsh III

3.4.3.2.4 Sumpèrasma Apì ta apotelèsmata thc melèthc pou afor� tic parembolèc meta-

xÔ twn stajm¸n tou ED kai twn stajm¸n tou SD, sthn perÐptwsh pou oi pr¸toi anaptÔssontai

se tuqaÐec jèseic mèsa sthn proastiak  perioq , kai mèsa sthn agrotik  perioq  k�luyhc tou

SD, prokÔptei ìti h pijanìthta omal c sunÔparxhc twn stajm¸n twn dÔo diktÔwn, akìma kai

stic Ðdiec perioqèc leitourgÐac eÐnai arket� meg�lh. Ston PÐnaka 3.10 parousi�zontai sugken-

trwtik� ta statistik� upèrbashc tou epitreptoÔ krithrÐou kai gia tic treic peript¸seic pou

melet jhkan.

PÐnakac 3.10: Posost� upèrbashc tou krithrÐou parembol c ìtan oi stajmoÐ tou ED anaptÔssontai
se tuqaÐec jèseic mèsa sthn perioq  k�luyhc tou SD

Perioq  An�ptuxhc SD PerÐptwsh Posostì Upèrbashc

Proastiak  I 4.5%

Agrotik  I 1.8%

Proastiak  II 1.6%

Agrotik  II 0.8%

Proastiak  III 0.6%

Agrotik  III 0.4%

120 BasÐlhc F. M lac - Didaktorik  Diatrib 



Kef�laio 3.

3.5 ProstasÐa tou StratosfairikoÔ DiktÔou apì Parembo-

lèc pou ProkaleÐ to EpÐgeio DÐktuo

3.5.1 Eisagwg 

Gia tic diadromèc di�doshc parembol c B1 kai B2, pou proanafèrjhkan sthn §3.1, ìpou h

parembol  prokaleÐtai apì to EpÐgeio DÐktuo proc thn platfìrma kai touc epÐgeiouc stajmoÔc

tou StratosfairikoÔ DiktÔou, prèpei na uiojetoÔntai ta mètra pou proteÐnei h ITU-R gia thn

sunÔparxh metaxÔ tou ED kai tou DD lamb�nontac upìyh ta idiaÐtera qarakthristik� twn

stajm¸n tou SD. Ta mètra aut� perilamb�noun ta akìlouja:

• periorismì twn ekpomp¸n isqÔoc twn stajm¸n tou ED sÔmfwna me tic anaforèc [28],

[25],

• mèjodo upologismoÔ thc apìstashc metaxÔ twn epÐgeiwn stajm¸n twn dÔo diktÔwn pèra

apì thn opoÐa eÐnai pijan  h prìklhsh mh epitrept c parembol c [12],

• eidik� ìria kai mèjodoi upologismoÔ sÔmfwna me tic anaforèc [31], [47].

SÔmfwna me ta prohgoÔmena, gia tic z¸nec suqnot twn p�nw apì ta 15 GHz prèpei na

throÔntai ta akìlouja:

1. h isqÔc sthn eÐsodo thc keraÐac tou stajmoÔ tou ED den ja prèpei na xepern� ta + 10

dBW,

2. h mègisth tim  thc isodÔnamhc isotropik� aktinoboloÔmenhc isqÔoc tou stajmoÔ tou ED

den ja prèpei na xepern� ta + 55 dBW.

Sth sunèqeia sthn §3.5.2, perigr�fetai to plaÐsio thc arqik c melèthc [35], [36] kai ta

apotelèsmata gia th diadrom  di�doshc parembol c B1 (parembol  apì stajmì tou EpÐgeiou

DiktÔou proc epÐgeio stajmì tou StratosfairikoÔ DiktÔou). Sthn §3.5.3 parousi�zontai ta

apotelèsmata gia th diadrom  di�doshc parembol c B2 (parembol  apì stajmì tou EpÐgeiou

DiktÔou proc stratosfairik  platfìrma). Sto tèloc k�je enìthtac katagr�fontai ta sum-

per�smata pou ex�gontai apì thn arqik  melèth kaj¸c kai apì thn up�rqousa melèth thc

ITU-R [19]. Ja prèpei na shmeiwjeÐ ìti h parousÐash twn apotelesm�twn thc arqik c melèthc
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gia tic diadromèc di�doshc parembol c B1 kai B2 eÐnai ìso to dunatìn pio sugkentrwtik ,

kaj¸c h èmfash thc paroÔsac diatrib c eÐnai sthn melèth twn parembol¸n pou prokaleÐ to

SD. Gia perissìtera kai pio analutik� stoiqeÐa gia tic diadromèc di�doshc parembol c B1 kai

B2, qr simec eÐnai oi anaforèc [35], [36], kai [39].

3.5.2 Parembol  apì Stajmì tou EpÐgeiou DiktÔou proc Stratosfairik 
Platfìrma

H melèth sthn astik  z¸nh k�luyhc pragmatopoieÐtai sthn perioq  thc Attik c ìpou èqoun

anaptuqjeÐ dèka epÐgeiec zeÔxeic shmeÐou proc shmeÐo me tuqaÐo prosanatolismì. H strato-

sfairik  platfìrma èqei tic suntetagmènec tou kèntrou thc perioq c kai mporeÐ na parèqei

pl rh astik  k�luyh se olìklhrh thn Attik  7. O epÐgeioc stajmìc tou SD lamb�nei tuqaÐec

jèseic mèsa sthn perioq  tou lekanopedÐou thc Attik c kai oi gwnÐec anÔywshc tou wc proc

thn platfìrma kumaÐnontai se ìlo to eÔroc twn gwni¸n thc astik c z¸nhc k�luyhc, dhlad 

apì 30 èwc kai 90 moÐrec. AnaptÔqjhkan �llec dÔo stratosfairikèc platfìrmec, h mÐa se

apìstash 30 Km apì thn platfìrma pou eÐnai p�nw apì thn Attik , en¸ h �llh apèqei 60

Km. Me ton trìpo autì melet jhkan kai oi parembolèc pou dèqontai oi platfìrmec pou den

leitourgoÔn mèsa sthn perioq  pou up�rqoun ta epÐgeia termatik�.

To Sq ma 3.34 mac dÐnei thn plhroforÐa gia ta posost� emf�nishc twn epipèdwn parembol c

pou dèqetai k�je mia platfìrma apì touc pompoÔc-paremboleÐc.

Ta epÐpeda parembol c pou dèqontai oi platfìrmec pou parèqoun uphresÐec sthn astik 

z¸nh k�luyhc eÐnai arket� qamhl�. Sugkekrimèna to posostì twn jèsewn pou lamb�nei to

termatikì thc stratosfairik c platfìrmac pou brÐsketai p�nw apì to lekanopèdio thc Attik c

kai stic opoÐec h parembol  xepern� to ìrio twn -151.6 dB(W/MHz) eÐnai 5.0%. to antÐstoiqo

posostì twn platfìrmwn pou brÐskontai sta 30 kai 60 Km eÐnai antÐstoiqa 2.6% kai 0.8%

antÐstoiqa. Ta mèsa epÐpeda parembol c eÐnai -163.9 dB(W/MHz), -165.4 dB(W/MHz) kai

-168.1 dB(W/MHz), gia tic platfìrmec pou brÐskontai p�nw apì thn perioq  thc Attik c, se

apìstash 30 Km kai se apìstash 60 Km, antÐstoiqa.

Gia thn melèth twn parembol¸n se stratosfairikèc platfìrmec pou parèqoun k�luyh sthn

proastiak  kai agrotik  z¸nh, to plaÐsio thc prosomoÐwshc eÐqe wc akoloÔjwc. AnaptÔqjhke

mia epÐgeia zeÔxh, pou apoteleÐtai apì 10 stajmoÔc, o ènac eÐnai o arqikìc pompìc, paremb�llon-

7Sqhmatik  anapar�stash sto Sq ma Gþ.2
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Sq ma 3.34: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c pou dèqontai oi strato-
sfairikèc platfìrmec thc astik c z¸nhc apì stajmoÔc tou ED

tai 8 anametadìtec kai sto tèloc thc zeÔxhc brÐsketai o telikìc epÐgeioc dèkthc. H apìstash

metaxÔ twn stajm¸n eÐnai 10 Km. AnaptÔqjhkan dÔo platfìrmec, h mia parèqei k�luyh sthn

proastiak  z¸nh kai h �llh sthn agrotik  z¸nh k�luyhc.

Sto Sq ma 3.35 apeikonÐzetai h sugkentrwtik  sun�rthsh katanom c thc pijanìthtac pa-

rembol c pou dèqontai oi stratosfairikèc platfìrmec thc proastiak c (SAC) kai thc agro-

tik c (RAC) z¸nhc ìtan oi stajmoÐ tou ED eÐnai mèsa sthn agrotik  z¸nh k�luyhc, akrib¸c

èxw apì to ìrio thc proastiak c z¸nhc k�luyhc. O kÔrioc �xonac skìpeushc thc keraÐac twn

platfìrmwn eÐnai prosanatolismènoc proc tic phgèc thc parembol c. Ta epÐpeda twn parem-

bol¸n eÐnai arket� uyhl�, kai mìno ìtan oi epÐgeiec zeÔxeic anaptuqjoÔn èxw apì to ìrio thc

agrotik c k�luyhc exasfalÐzontai omalèc sunj kec sunÔparxhc.

To sumpèrasma pou ex�getai apì ta parap�nw kaj¸c kai apì thn up�rqousa melèth thc

ITU-R [19] gia thn diadrom  di�doshc parembol c apì stajmoÔc tou EpÐgeiou DiktÔou se

stratosfairikèc platfìrmec, eÐnai ìti sthn perÐptwsh pou oi epÐgeioi stajmoÐ leitourgoÔn

èxw apì thn perioq  k�luyhc twn stratosfairik¸n platfìrmwn, tìte sthn platfìrma den ja

dhmiourgoÔntai probl mata apì epiblabeÐc parembolèc.
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Sq ma 3.35: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c pou dèqontai oi stra-
tosfairikèc platfìrmec thc proastiak c (SAC) kai thc agrotik c (RAC) z¸nhc apì stajmoÔc tou
ED

3.5.3 Parembol  apì Stajmì tou EpÐgeiou DiktÔou proc EpÐgeio Stajmì
tou StratosfairikoÔ DiktÔou

H melèth sthn astik  z¸nh k�luyhc pragmatopoieÐtai sthn perioq  thc Attik c ìpou èqoun

anaptuqjeÐ dèka epÐgeiec zeÔxeic shmeÐou proc shmeÐo me tuqaÐo prosanatolismì. H strato-

sfairik  platfìrma èqei tic suntetagmènec tou kèntrou thc perioq c kai mporeÐ na parèqei

pl rh astik  k�luyh se olìklhrh thn Attik . O epÐgeioc stajmìc tou SD lamb�nei tuqaÐec

jèseic mèsa sthn perioq  tou lekanopedÐou thc Attik c kai oi gwnÐec anÔywshc tou wc proc

thn platfìrma kumaÐnontai se ìlo to eÔroc twn gwni¸n thc astik c z¸nhc k�luyhc, dhlad 

apì 30 e¸c kai 90 moÐrec.

To Sq ma 3.36 mac dÐnei thn plhroforÐa gia ta posost� emf�nishc twn epipèdwn parembol c

pou dèqetai o epÐgeioc stajmìc tou SD apì dÔo, tèsseric, èxi, okt¸, kai dèka zeÔxeic tou

ED. ParathroÔme ìti to megalÔtero posostì (21.8%) upèrbashc tou epitreptoÔ krithrÐou

prokÔptei gia thn ajroistik  parembol  apì tic dèka zeÔxeic tou ED. 'Otan paremb�lloun okt¸

stajmoÐ tou ED, to posostì parembol c eÐnai 7.2%, en¸ sthn perÐptwsh pou paremb�lloun èxi

stajmoÐ to posostì parembol c pou xepern� to krit rio eÐnai megalÔtero, 21.3%. Oi epÐgeiec
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zeÔxeic eÐnai tuqaÐa prosanatolismènec kai orismènec zeÔxeic èqoun megalÔterh sumbol  sthn

parembol , apì ìti k�poiec �llec. Ta posost� parembol c gia tic �llec dÔo peript¸seic eÐnai

10.7%, kai 3.3%. Ta antÐstoiqa mèsa epÐpeda parembol¸n pou dèqetai o epÐgeioc stajmìc tou

SD eÐnai -191.9 dB(W/MHz), -203.8 dB(W/MHz), -152.5 dB(W/MHz), -160.8 dB(W/MHz)

kai -211.5 dB(W/MHz).
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Sq ma 3.36: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c pou dèqontai oi epÐgeioi
stajmoÐ tou SD thc astik c z¸nhc apì stajmoÔc tou ED

Gia thn melèth twn parembol¸n se epÐgeiouc stajmoÔc pou brÐskontai sthn proastiak  kai

agrotik  perioq  k�luyhc tou SD, anaptÔqjhkan dÔo epÐgeia termatik�, èna se k�je perioq 

pou epikoinwnoÔn me dÔo platfìrmec sta 21 Km, mia gia thn proastiak  kai mia gia thn agrotik 

z¸nh k�luyhc. AnaptÔqjhke mia epÐgeia paremb�llousa zeÔxh anamet�doshc, pou apoteleÐtai

apì 10 stajmoÔc. H apìstash metaxÔ twn stajm¸n eÐnai 10 Km. Oi epÐgeioi stajmoÐ tou SD

kat� thn di�rkeia thc prosomoÐwshc lamb�noun tuqaÐec jèseic mèsa sthn perioq  gÔrw apì

thn epÐgeia zeÔxh. Oi gwnÐec anÔywshc twn stajm¸n tou SD kumaÐnontai apì 17◦ èwc 28◦ gia

touc stajmoÔc thc proastiak c perioq c kai apì 9◦ èwc 13◦ gia touc stajmoÔc thc agrotik c

perioq c.

Apì ta apotelèsmata pou apeikonÐzontai sta Sq mata 3.37, 3.38, prokÔptei ìti h pija-

nìthta na xeperasteÐ to epitreptì krit rio parembol c eÐnai 57% (agrotik  z¸nh) kai 51%
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Sq ma 3.37: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c pou dèqontai oi epÐgeioi
stajmoÐ tou SD thc proastiak c kai agrotik c z¸nhc apì stajmoÔc tou ED se perioq  me epÐpedh
morfologÐa ed�fouc
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Sq ma 3.38: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c pou dèqontai oi epÐgeioi
stajmoÐ tou SD thc thc proastiak c kai agrotik c z¸nhc apì stajmoÔc tou ED se perioq  me orein 
morfologÐa ed�fouc
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(proastiak  z¸nh) ìtan oi epÐgeioi stajmoÐ tou SD kai oi stajmoÐ tou ED anaptÔssontai se

perioq  me epÐpedh morfologÐa ed�fouc. 'Otan anaptÔssontai se perioq  me orein  morfolo-

gÐa ed�fouc, prokÔptei ìti h pijanìthta na xeperasteÐ to epitreptì krit rio parembol c eÐnai

20% (agrotik  z¸nh) kai 15% (proastiak  z¸nh). Ta posost� aut�  tan arket� pio qamhl�

e¸c mhdenik� se �llec peript¸seic pou melet jhkan, kai stic opoÐec oi stajmoÐ tou ED eÐqan

anaptuqjeÐ 20 Km èxw apì thn perioq  k�luyhc tou SD.

To sumpèrasma pou ex�getai apì ta parap�nw kai apì thn up�rqousa melèth thc ITU-R

[19] gia thn diadrom  di�doshc parembol c apì stajmoÔc tou ED se epÐgeiouc stajmoÔc tou

SD, eÐnai ìti sthn perÐptwsh pou oi stajmoÐ tou ED leitourgoÔn èxw apì thn perioq  k�luyhc

tou SD, se apìstash megalÔterh twn 20 Km, tìte eÐnai efikt  h omal  sunÔparxh twn dÔo

diktÔwn.
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3.6 Sumper�smata

Sto parìn kef�laio prot�jhkan nèoi mèjodoi suntonismoÔ, b�sh twn opoÐwn anaptÔqjhkan

krit ria sunÔparxhc gia ta sen�ria pijan¸n parembol¸n metaxÔ enìc EpÐgeiou kai enìc Stra-

tosfairikoÔ DiktÔou, ìtan leitourgoÔn sthn Ðdia gewgrafik  perioq  kai stic suqnìthtec twn

48/47 GHz. Ja prèpei na shmeiwjeÐ ìti ta sumper�smata, thc paroÔsac melèthc, apoteloÔn

odhgì kai gia qamhlìterec z¸nec suqnot twn, lamb�nontac upìyh thn diaforetik  exasjènhsh,

kai ta teqnik� qarakthristik� twn dÔo diktÔwn stic suqnìthtec autèc.

Parousi�sthkan ta eÐdh twn EpÐgeiwn DiktÔwn (ED) pou up�rqoun s mera kai ta teqni-

k� qarakthristik� tupik¸n ED pou leitourgoÔn sthn qiliostometrik  z¸nh suqnot twn, kai

qrhsimopoi jhkan sthn melèth parembol¸n wc dÐktua anafor�c. AnalÔjhkan oi stìqoi dia-

jesimìthtac kai leitourgik¸n laj¸n gia ìla ta eÐdh ED kai h mègisth epitrept  upob�jmish

stouc proanaferìmenouc stìqouc thn opoÐa mporeÐ na deqteÐ èna ED lìgw parembol¸n apì

�lla sust mata pou leitourgoÔn stic Ðdiec suqnìthtec.

O meg�loc antagwnismìc pou epikrateÐ ta teleutaÐa qrìnia ston tomèa twn thlepikoinwni¸n

èqei odhg sei sthn taqeÐa an�ptuxh asÔrmatwn ED, eÐte gia thn paroq  stajer c asÔrmathc

prìsbashc gia th diasÔndesh sundromht¸n, eÐte epikourik� wc upost rixh twn  dh uparqìn-

twn thlepikoinwniak¸n diktÔwn. H apaÐthsh gia thn an�ptuxh nèwn asÔrmatwn teqnologi¸n

prostÐjetai stic  dh anaptugmènec upodomèc stajer¸n asÔrmatwn diktÔwn, ta opoÐa qrhsimo-

poioÔntai ed¸ kai kairì apì polloÔc parìqouc san mèroc tou stajeroÔ thlefwnikoÔ diktÔou

kai gia �llec efarmogèc. H megalÔterh aÔxhsh stic anajèseic suqnot twn gia asÔrmata ED

ta teleutaÐa qrìnia proèrqetai apì ton tomèa thc upost rixhc stic upodomèc twn dhmìsiwn

kinht¸n diktÔwn. H paroq  upost rixhc stic upodomèc mèsw zeÔxewn shmeÐou proc pollapl�

shmeÐa aux jhke epÐshc shmantik�, lìgw thc qr shc touc san enallaktik  epilog  se perib�l-

lonta me meg�lh puknìthta stajm¸n b�sewn. H t�sh aut  thc an�ptuxhc twn ED ta teleutaÐa

qrìnia upogrammÐzei thn shmasÐa thc paroÔsac melèthc gia eÔresh twn bèltistwn sunjhk¸n

gia thn armonik  touc sunÔparxh me ta Stratosfairik� DÐktua pou qrhsimopoioÔn tic Ðdiec

z¸nec suqnot twn.

'Ena shmantikì jèma pou melet jhke, afor� ston qarakthrismì thc epÐdrashc thc kÐnhshc

thc stratosfairik c platfìrmac sthn st�jmh omodiaulik c parembol c pou prokaleÐtai se dè-

kth EpÐgeiou DiktÔou. Stic melètec pou èqoun gÐnei e¸c s mera, h stratosfairik  platfìrma

jewreÐtai stajer . EntoÔtoic mia apì tic ligìtero problèyimec paramètrouc sthn teqnologÐa
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twn stratosfairik¸n platform¸n eÐnai h kÐnhsh touc. Epilèxame na melet soume thn sum-

perifor� thc st�jmhc omodiaulik c parembol c me ta b�sh ta montèla kÐnhshc thc diejnoÔc

bibliografÐac ITU, HELINET, HALO pou oriojetoÔn thn kÐnhsh aerìploiou, hliak� trofo-

dotoÔmenou mh epandrwmènou aerosk�fouc, kai epandrwmènou aerosk�fouc antÐstoiqa. Apì

ta apotelèsmata prokÔptei oti h st�jmh thc omodiaulik c parembol c, pou prokaleÐtai apì

tic ekpompèc thc stratosfairik c platfìrmac sthn epÐgeia zeÔxh, ephre�zetai se shmantikì

bajmì apì to montèlo kÐnhshc pou akoloujeÐ h stratosfairik  platfìrma, en¸ wc bèltisto

montèlo, epilègetai to montèlo kÐnhshc ITU.

EÐnai idiaÐterhc shmasÐac, me thn eisagwg  tou nèou sust matoc pou basÐzetai stic strato-

sfairikèc platfìrmec na exasfalÐzontai sunj kec omaloÔc sunÔparxhc me ta EpÐgeia DÐktua.

Kat� pr¸ton prèpei h leitourgÐa tou StratosfairikoÔ DiktÔou na mhn prokaleÐ parembolèc

pou mporoÔn na upobajmÐzoun thn leitourgÐa tou ED, kai kat� deÔteron na prostateÔetai to

Ðdio to SD apì parembolèc pou tuqìn prokaleÐ to ED. Up�rqoun k�poiec par�metroi twn dÔo

diktÔwn pou kajistoÔn thn omal  sunÔparxh stic Ðdiec z¸nec suqnot twn kai stic Ðdiec gewgra-

fikèc perioqèc idiaÐtera dÔskolh. Katarq n to oratì pedÐo thc stratosfairik c platfìrmac

eÐnai idiaÐtera meg�lo, kai oi epÐgeioi stajmoÐ tou SD qrhsimopoioÔn ìlo to eÔroc gwni¸n anÔ-

ywshc, kai anamènontai na anaptuqjoÔn se meg�lo arijmì se ìlec tic perioqèc leitourgÐac

touc (Astik , Proastiak , Agrotik ). 'Epeita se q¸rec me thn idiaÐterh gewmorfologÐa thc

Ell�dac (nhsi�, oreinèc perioqèc) h leitourgÐa twn ED eÐnai arket� shmantik . Oi up�rqousec

mèjodoi kai ta exagìmena krit ria, den af noun poll� perij¸ria geitonik c an�ptuxhc twn dÔo

diktÔwn. Me tic proteinìmenec mejìdouc kai ta krit ria pou anaptÔqjhkan, exasfalÐzontai

apodotikìterec sunj kec leitourgÐac gia to SD kai to ED.

Sugkekrimèna prot�jhke mia nèa mèjodoc suntonismoÔ pou afor� tic parembolèc pou pro-

kaloÔntai apì tic ekpompèc isqÔoc thc k�tw zeÔxhc (stratìsfaira-proc-Gh) twn SD proc touc

dèktec tou ED. Me b�sh thn mèjodo aut  ex qjhsan realistikèc apost�seic diaqwrismoÔ me-

taxÔ thc perioq c k�luyhc tou SD kai thc perioq c leitourgÐac tou ED. H melèth basÐsthke

sthn enswm�twsh thc kÐnhshc thc stratosfairik c platfìrmac, sthn epÐdrash thc parembo-

l c se ìrouc klasmatik c upob�jmishc thc leitourgÐac tou paremballìmenou diktÔou, sthn

an�lush me prosèggish stadiak� anaptussìmenou SD, kai sthn qr sh realistik c katanom c

gwni¸n anÔywshc twn zeÔxewn tou ED.

Prot�jhke èna jewrhtikì montèlo ektÐmhshc thc ajroistik c parembol c pou prokaleÐtai

apì touc epÐgeiouc stajmoÔc tou SD proc stajmì tou ED, me b�sh to opoÐo ex qjhsan
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nèec apost�seic suntonismoÔ metaxÔ epÐgeiou dèkth kai tou shmeÐou nadÐr thc stratosfairik c

platfìrmac. H melèth aut  gÐnetai gia thn astik  z¸nh. Sthn perÐptwsh thc proastiak c

kai agrotik c z¸nhc diapist¸jhke ìti h sunÔparxh twn epÐgeiwn stajm¸n twn dÔo diktÔwn

eÐnai efikt  akìma kai sthn Ðdia perioq  k�luyhc. Gia autì to lìgo melet jhke h pijanìthta

sunÔparxhc twn stajm¸n tou ED kai twn stajm¸n tou SD, sthn perÐptwsh pou oi pr¸toi

anaptÔssontai se tuqaÐec jèseic mèsa sthn proastiak  perioq , kai mèsa sthn agrotik  perioq 

k�luyhc tou SD.
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An�ptuxh Nèwn KrithrÐwn

SunÔparxhc metaxÔ Doruforik¸n

kai Stratosfairik¸n DiktÔwn

4.1 Eisagwg 

Sto parìn kef�laio exet�zetai to perib�llon parembol¸n pou dhmiourgeÐtai metaxÔ tou Stra-

tosfairikoÔ DiktÔou (SD) kai tou DoruforikoÔ DiktÔou (DD), kai parousi�zetai

mia nèa mèjodoc ektÐmhshc twn orÐwn isqÔoc twn epÐgeiwn stajm¸n tou SD gia to sen�rio twn

parembol¸n pou prokaloÔntai apì tic ekpompèc thc �nw zeÔxhc (Gh-proc-stratìsfaira) tou

SD proc th l yh thc �nw zeÔxhc (Gh-proc-di�sthma) tou DD. Sth sunèqeia parousi�zontai ta

apotelèsmata thc jewrhtik c kai thc statistik c melèthc twn parembol¸n pou prokaloÔntai

apì tic ekpompèc isqÔoc thc k�tw zeÔxhc (stratìsfaira-proc-Gh) tou SD proc touc gewsta-

tikoÔc doruforikoÔc dèktec.

'Opwc proanafèrjhke sthn §2.4, to SD mporeÐ na leitourg sei stic sugkekrimènec perioqèc

thc DiejnoÔc 'Enwshc Thlepikoinwni¸n,   stic sugkekrimènec q¸rec pou kajorÐzontai sthn

anafor� [11] me ta Ðdia dikai¸mata pou èqoun kai ta dÐktua me prwteÔousa an�jesh se autèc

tic perioqèc, me thn basik  ìmwc proôpìjesh na èqei exasfalisteÐ ìti h leitourgÐa touc den

prokaleÐ anepÐtrepta epÐpeda parembol c sta prwteÔonta dÐktua. H koin  leitourgÐa twn dÔo

diktÔwn stic Ðdiec   geitonikèc perioqèc kai suqnìthtec mporeÐ na odhg sei sthn prìklhsh
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anepijÔmhtwn parembol¸n kai thn diakop  thc omal c kai stajer c leitourgÐac twn DD all�

kai twn SD. Oi diaforetikoÐ trìpoi me touc opoÐouc èna DD mporeÐ na paremb�llei kai na

paremb�lletai se/apì èna SD apeikonÐzontai sto Sq ma 4.1.
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Sq ma 4.1: Diadromèc Di�doshc Parembol c metaxÔ tou DoruforikoÔ DiktÔou kai tou Stratosfai-
rikoÔ DiktÔou

'Opwc èqei  dh anaferjeÐ, h melèth èqei epikentrwjeÐ stic suqnìthtec twn 47.2-47.5 GHz

kai 47.9-48.2 GHz, stic opoÐec èqei anatejeÐ apì thn ITU-R h leitourgÐa tou SD gia thn

paroq  stajer¸n uphresi¸n stic q¸rec thc Eur¸phc. To SD èqei suqnìthta �nw zeÔxhc f1

(an�jesh sta 47.9-48.2 GHz) kai k�tw zeÔxhc f2 (an�jesh sta 47.2-47.5 GHz). To DD èqei

suqnìthta �nw zeÔxhc f3 (an�jesh sta 47.2-50.2 GHz).

Oi diadromèc di�doshc parembol c pou prokaloÔntai apì thn leitourgÐa tou SD eÐnai dÔo:

oi diadromèc A1 kai A2. H diadrom  A1 anafèretai sthn omodiaulik  parembol  pou prokaleÐtai

apì touc epÐgeiouc stajmoÔc tou SD proc touc gewstatikoÔc stajmoÔc tou DD. H parembol 

gÐnetai sthn suqnìthta �nw zeÔxhc tou SD f1. H diadrom  A2 anafèretai sthn omodiaulik 

parembol  pou prokaleÐtai apì tic platfìrmec tou SD proc touc gewstatikoÔc stajmoÔc tou
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DD. H parembol  gÐnetai sthn suqnìthta k�tw zeÔxhc tou StratosfairikoÔ DiktÔou f2.

Oi diadromèc di�doshc parembol c pou prokaloÔntai apì thn leitourgÐa tou DD eÐnai oi B1

kai B2. H diadrom  B1 anafèretai stic parembolèc pou prokaloÔntai apì touc stajmoÔc ed�-

fouc tou DD proc touc epÐgeiouc stajmoÔc tou SD. H diadrom  B2 anafèretai stic parembolèc

pou prokaloÔntai apì touc stajmoÔc ed�fouc tou DD proc tic stratosfairikèc platfìrmec.

Kai sta dÔo sen�ria h parembol  gÐnetai sthn suqnìthta �nw zeÔxhc tou DoruforikoÔ DiktÔou

f3.

Sth sunèqeia tou kefalaÐou analÔontai kai suzht¸ntai ekten¸c ìlec oi diadromèc di�doshc

parembol c metaxÔ tou SD kai tou DD, kai gÐnetai mèleth gia k�je èna apì ta sen�ria kai tic

eidikèc tou paramètrouc. Perigr�fontai epÐshc oi nèec mèjodoi pou proteÐnoume all� kai autèc

pou efarmìzontai diejn¸c gia thn epÐteuxh armonik c sunÔparxhc metaxÔ twn dÔo susthm�twn,

lamb�nontac upìyh ta idiaÐtera qarakthristik� kai tic sunj kec leitourgÐac tou k�je sust -

matoc. IdiaÐterh èmfash dÐnetai stic parembolèc pou prokaleÐ to SD, kai sthn prostasÐa twn

stajm¸n tou DD.

H an�ptuxh twn Doruforik¸n DiktÔwn sthn z¸nh twn 50/40 GHz eÐnai arket� shmanti-

k  ta teleutaÐa qrìnia. Sthn §4.2 melet¸ntai ta idiaÐtera qarakthristik� twn Doruforik¸n

DiktÔwn stic suqnìthtec twn 50/40 GHz pou diaforopoioÔntai apì tic qamhlìterec z¸nec su-

qnot twn kai perigr�fontai ta doruforik� sust mata pou qrhsimopoioÔntai sthn melèth tou

parìntoc kefalaÐou wc montèla anafor�c. EpÐshc analÔontai oi stìqoi diajesimìthtac kai

leitourgik¸n laj¸n gia ìla ta eÐdh DD kai h mègisth epitrept  upob�jmish stouc proanafe-

rìmenouc stìqouc thn opoÐa mporeÐ na deqteÐ èna DD lìgw parembol¸n apì �lla sust mata

pou leitourgoÔn stic Ðdiec suqnìthtec.

Stic e¸c t¸ra melètec gia th diadrom  di�doshc parembol c A1, gÐnetai h je¸rhsh ìti o

�xonac skìpeushc tou dorufìrou eÐnai prosanatolismènoc èxw apì thn perioq  k�luyhc thc

stratosfairik c platfìrmac. DiaqwrÐzetai dhlad  gewgrafik� to Ðqnoc thc dèsmhc tou do-

rufìrou kai h perioq  ìpou leitourgoÔn oi epÐgeioi stajmoÐ tou SD. Sthn pragmatikìthta

kai me dedomènh thn taqeÐa an�ptuxh twn dÔo diktÔwn, o gewgrafikìc diaqwrismìc metaxÔ thc

perioq c k�luyhc thc stratosfairik c platfìrmac kai tou Ðqnouc thc dèsmhc tou dorufìrou,

ja eÐnai dÔskolo na epiteuqjeÐ. Gia autì to lìgo h paroÔsa melèth epikentr¸netai sthn die-

reÔnhsh thc pijanìthtac leitourgÐac twn dÔo diktÔwn sthn Ðdia perioq  k�luyhc. Sthn §4.3
proteÐnetai mia nèa mèjodoc gia thn ektÐmhsh tou lìgou omodiaulik c parembol c-proc-jermikì

jìrubo pou prokaleÐtai apì tic ekpompèc isqÔoc thc �nw zeÔxhc (Gh-proc-stratìsfaira) tou
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SD proc touc gewstatikoÔc doruforikoÔc dèktec, ìtan ta dÔo dÐktua leitourgoÔn sthn Ðdia

perioq  k�luyhc [20]. Me b�sh to montèlo autì exet�zontai ta isqÔonta (kajorismèna apì

thn ITU-R) qarakthristik� ekpomp c twn epÐgeiwn stajm¸n tou SD. Sthn §4.3.2.2 parousi�-

zontai ta apotelèsmata thc analutik c melèthc gia tic dÔo jemeli¸deic peript¸seic, kai ta

apotelèsmata thc prosomoÐwshc gia ìlec tic pijanèc gewgrafikèc jèseic an�ptuxhc twn dÔo

diktÔwn.

H §4.4 eÐnai afierwmènh sth melèth thc diadrom c di�doshc parembol c A2. Parousi�zontai

ta apotelèsmata thc melèthc [18], [19], pou afor� tic parembolèc pou prokaloÔntai apì tic

ekpompèc isqÔoc thc k�tw zeÔxhc (stratìsfaira-proc-Gh) tou SD proc touc gewstatikoÔc

doruforikoÔc dèktec.

Sthn §4.5 parousi�zontai ta apotelèsmata thc melèthc pou afor� sthn prostasÐa tou SD

apì parembolèc pou prokaleÐ to DD. H §4.5.2 eÐnai afierwmènh sth melèth twn parembol¸n pou

prokaloÔntai apì doruforikì stajmì ed�fouc proc epÐgeio dèkth SD, en¸ h §4.5.3 sthn me-

lèth twn parembol¸n pou prokaloÔntai apì doruforikì stajmì ed�fouc proc stratosfairik 

platfìrma.
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4.2 Gewstatik� Doruforik� DÐktua

Ta Doruforik� Thlepikoinwniak� DÐktua apoteloÔn s mera èna anapìspasto tm ma twn pe-

rissìterwn thlepikoinwniak¸n susthm�twn. Q�rh sth monadik  idiìthta twn dorufìrwn na

parèqoun k�luyh polÔ meg�lwn gewgrafik¸n perioq¸n kai th dunatìthta paroq c euruzwni-

k¸n uphresi¸n, pleonektoÔn shmantik� se plhj¸ra efarmog¸n ìpwc h euruekpomp  thleopti-

k¸n programm�twn, h diasÔndesh meg�lwn thlepikoinwniak¸n kìmbwn ka. H qrhsimopoÐhsh

gewstatik¸n dorufìrwn1 gia epikoinwnÐec meg�lwn apost�sewn èqei anaptuqjeÐ taqÔtata tic

teleutaÐec dekaetÐec. H teqnologÐa twn doruforik¸n susthm�twn suneq¸c proodeÔei kai oi

doruforikèc thlepikoinwnÐec anamènetai na paÐzoun suneq¸c shmantikìtero rìlo sta sÔgqrona

thlepikoinwniak� sust mata.

Wc Stajerì Doruforikì DÐktuo (  apl� Doruforikì DÐktuo-DD, ìpwc qrhsimopoieÐtai

sth paroÔsa diatrib ) orÐzetai èna sÔsthma radioepikoinwni¸n metaxÔ stajm¸n ed�fouc to-

pojethmènwn se stajerèc jèseic pou epikoinwnoÔn mèsw enìc h perissìterwn gewstatik¸n

dorufìrwn. Oi jèseic twn stajm¸n ed�fouc mporeÐ na eÐnai prokajorismèna stajer� shmeÐa  

opoiad pote shmeÐa mèsa se prokajorismènec perioqèc sthn epif�neia thc ghc.

H melèth thc paroÔsac diatrib c epikentr¸netai stic z¸nec suqnot twn pou èqoun anatejeÐ

sta Doruforik� DÐktua, kai oi opoÐec eÐnai se koin  qr sh me ta Stratosfairik� DÐktua. Oi

koinèc z¸nec suqnot twn gia ta dÔo dÐktua katagr�fontai stouc RadiokanonismoÔc pou ekdÐdei

h Diejn c 'Enwsh Thlepikoinwni¸n periodik� [11]. Gia tic q¸rec thc Eur¸phc, ìpwc èqei  dh

anaferjeÐ sthn §2.4, to koinì f�sma afor� thn V z¸nh suqnot twn.

H an�ptuxh twn Doruforik¸n DiktÔwn sthn V z¸nh suqnot twn (50/40 GHz) diafaÐnetai

apì to gegonìc ìti ta teleutaÐa 7 qrìnia perissìterec apì 200 anajèseic DD èqoun pragmato-

poihjeÐ apì thn Diejn  'Enwsh Thlepikoinwni¸n me �nw zeÔxh sta 47-50.2 GHz kai k�tw zeÔxh

sta 37.5-42.5 GHz 2. H t�sh aut  thc an�ptuxhc twn DD ta teleutaÐa qrìnia upogrammÐzei

thn prosoq  pou ja prèpei na dojeÐ ¸ste na exasfalistoÔn oi bèltistec sunj kec gia thn

armonik  sunÔparxh me ta �lla dÐktua pou qrhsimopoioÔn tic Ðdiec z¸nec suqnot twn.

Ta idiaÐtera qarakthristik� twn DD pou diaforopoioÔntai sthn V z¸nh perigr�fontai

sthn §4.2.1, en¸ ta teqnik� qarakthristik� tupik¸n doruforik¸n susthm�twn (ITU-R) pou

1dorufìroi pou brÐskontai se gewsÔgqronh troqi� me mhdenik  klish kai ekkentrìthta [9], [28] kai gia autì
to lìgo faÐnontai wc stajerì shmeÐo ston ouranì apì èna parathrht  pou brÐsketai sthn Gh

2Phg : B�sh Dedomènwn ITU-R (SRS -Space Radiocommunications Stations)
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qrhsimopoioÔntai wc sust mata anafor�c parousi�zontai sthn §4.2.2.

4.2.1 IdiaÐtera Qarakthristik� twn Doruforik¸n DiktÔwn sta 50/40 GHz

Stic suqnìthtec twn 50/40 GHz up�rqoun shmantikèc diaforèc apì tic qamhlìterec anajèseic

suqnot twn gia doruforik� sust mata. Ta basik� teqnik� qarakthristik� twn Doruforik¸n

DiktÔwn pou diaforopoioÔntai sta 50/40 GHz eÐnai [24]:

• h tupik  el�qisth gwnÐac anÔywshc,

• to mègejoc thc keraÐac tou epÐgeiou stajmoÔ l yhc,

• to apaitoÔmeno perij¸rio exasjènhshc lìgw broq c.

H pleionìthta twn doruforik¸n susthm�twn sthn V z¸nh èqei thn dunatìthta paroq c

�kajaroÔ� (clear-air) rujmoÔ sfalm�twn (BER) thc t�xhc twn 10−7 e¸c 10−10. H diamìr-

fwsh pou qrhsimopoieÐtai kat� kÔrio lìgo eÐnai h QPSK en¸ problèpetai qr sh sqhm�twn

diamìrfwshc uyhlìterou bajmoÔ gia ta mellontik� sust mata ìpwc 8-PSK kai 16-QAM [24].

Ta doruforik� sust mata stic uyhlèc autèc suqnìthtec leitourgÐac, èqoun sqediasteÐ gia

na parèqoun uyhl c taqÔthtac met�doshc me rujmoÔc dedomènwn pou xekinoÔn apì STM-1

(155Mbits/s) e¸c 10 STM-1. QrhsimopoioÔn mikr� epÐgeia termatik� (me di�metro < apì 1 m)

gia efarmogèc pou apaitoÔn stìqouc diajesimìthtac 99.7%, kai megalÔterouc stajmoÔc (e¸c

kai 2.4 m, Ðswc kai 3 m di�metro) gia pulaÐec zeÔxeic kai efarmogèc pou apaitoÔn uyhlìterouc

stìqouc diajesimìthtac.

H tupik  el�qisth gwnÐac anÔywshc twn stajm¸n ed�fouc sta 50/40 GHz eÐnai 20 moÐrec.

Lìgw twn isqur¸n exasjènhsewn di�doshc stic uyhlèc autèc suqnìthtec, ta perissìtera

sust mata pou èqoun protajeÐ, ja mporoÔn na leitourgoÔn se uyhlìterec el�qistec gwnÐec

anÔywshc se sÔgkrish me ta doruforik� dÐktua pou leitourgoÔn k�tw apì ta 30 GHz.

To mègejoc twn termatik¸n pou epikoinwnoÔn me ton gewstatikì dorufìro stic suqnìthtec

pou melet�me, eÐnai ènac shmantikìc par�gontac pou susqetÐzetai me ta ìria puknìthtac ro c

isqÔoc pou ft�nei sthn epif�neia thc Ghc ta opoÐa kajorÐzontai apì thn ITU-R (PÐnakac

4.1), kai bebaÐwc to zhtoÔmeno lìgo Eb/N0 pou kajorÐzetai apì ton sqediast  tou diktÔou.

ApoteleÐ jèma èreunac to an mporoÔn na qrhsimopoihjoÔn keraÐec me megalÔterh di�metro apì
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ta 2.4 m, kai autì kurÐwc lìgw paramorf¸sewn sthn epif�neia tou anaklast ra, kai apwlei¸n

stìqeushc pou parathroÔntai stic uyhlèc autèc suqnìthtec twn 50/40 GHz.

PÐnakac 4.1: 'Oria Puknìthtac Ro c IsqÔoc (dB(W/m2)) sthn V z¸nh

Z¸nh Suqnot twn 'Oria Puknìthtac Ro c IsqÔoc dB(W/m2) EÔroc z¸nhc

anafor�c

40.5-42 GHz 0◦-5◦ 5◦-15◦ 15◦-25◦ 25◦-90◦

-120 -120+(d-5) -110+0.5·(d-15) -105 1 MHz

42-42.5 GHz 0◦-5◦ 5◦-20◦ 20◦-25◦ 25◦-90◦

-127 -127+(4/3)·(d-5) -107+0.4·(d-20) -105 1 MHz

47.5-50.2 GHz 0◦-5◦ 5◦-25◦ 25◦-90◦

-115 -115+0.5·(d-5) -105 1 MHz

'Ena akìma qarakthristikì pou diaforopoieÐtai sthn V z¸nh eÐnai to apaitoÔmeno perij¸rio

exasjènhshc lìgw broq c (Mfade). 'Opwc èqei  dh anaferjeÐ, oi stìqoi diajesimìthtac twn

zeÔxewn paroq c uphresi¸n se qr stec eÐnai 99.7%. Sto Sq ma 4.2 apeikonÐzetai to apaitoÔ-

meno perij¸rio exasjènhshc lìgw broq c gia thn z¸nh twn 40 GHz me gwnÐa anÔywshc 25◦

¸ste na epitugq�nontai oi stìqoi diajesimìthta zeÔxhc gia posostì 99.7%. Sto Sq ma 4.3

parousi�zetai grafik� h diajesimìthta pou epitugq�nei èna doruforikì sÔsthma pou leitourgeÐ

sta 40 GHz me perij¸rio exasjènhshc lìgw broq c 18 dB. ParathroÔme ìti stic suqnìthtec

autèc eÐnai dÔskolo na epiteuqjeÐ 99.7% diajesimìthta thc zeÔxeic gia arketèc perioqèc. To

sugkekrimèno Sq ma mac odhgeÐ sto sumpèrasma ìti gia gwnÐec mikrìterec twn 25◦, h qr sh

teqnik¸n meÐwshc thc exasjènhshc (p.q diaforik  l yh) eÐnai aparaÐthth gia thn ekpl rwsh

twn epijumht¸n stìqwn diajesimìthtac, stic uyhlèc suqnìthtec.
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4.2.2 Teqnik� Qarakthristik� Tupik¸n Doruforik¸n DiktÔwn sth Qilio-
stometrik  Z¸nh (ITU-R)

Sthn anafor� [27] proteÐnontai apì thn ITU-R di�fora doruforik� sust mata pou èqoun

sqediasteÐ gia na leitourg soun sta 50/40 GHz. H an�lush pou pragmatopoi jhke sto plaÐsio

thc paroÔsac diatrib c, basÐzetai sta teqnik� qarakthristik� twn Gewstatik¸n Doruforik¸n

DiktÔwn:

• GEOSAT-X,

• GSOV-B1,

• GEO-SV,

ta opoÐa faÐnontai sugkentrwtik� stouc PÐnakec 4.2-4.7. Kai ta trÐa dÐktua basÐzontai se

gewstatikoÔc dorufìrouc.

To dÐktuo GEOSAT-X apoteleÐtai apì 9 dorufìrouc se troqi�, me suqnìthta �nw zeÔxhc ta

47.2 e¸c 50.2 GHz, kai k�tw zeÔxhc ta 39.5 e¸c 42.5 GHz. LeitourgeÐ me 48 dèsmec gia zeÔxeic

me termatikoÔc qr stec, 8 dèsmec gia pulaÐec zeÔxeic, kai 2 dèsmec gia uyhl c qwrhtikìthtac

zeÔxeic (PÐnakec 4.2, 4.3).

To dÐktuo GSOV-B1 mporeÐ na leitourg sei me 24 dèsmec gia zeÔxeic me termatikoÔc qr stec

megèjouc 0.3◦. H suqnìthta �nw zeÔxhc eÐnai sta 47.2 e¸c 50.2 GHz, kai k�tw zeÔxhc ta 37.5

e¸c 40.5 GHz (PÐnakac 4.4). Ta qarakthristik� ekpomp c tou diktÔou GSOV-B1 faÐnontai

ston PÐnaka 4.5.

To dÐktuo GEO-SV mporeÐ na leitourg sei me 40 dèsmec megèjouc 0.15◦. ApoteleÐtai apì

6 dorufìrouc se troqi�, me suqnìthta �nw zeÔxhc ta 47.2 e¸c 50.2 GHz, kai k�tw zeÔxhc ta

39.5 e¸c 42.5 GHz. To sÔsthma GEO-SV eÐnai ubridikì kaj¸c perilamb�nei wfèlimo fortÐo

kai sthn Ku z¸nh (PÐnakec 4.6, 4.7).
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PÐnakac 4.2: Doruforikì SÔsthma GEOSAT-X

1. Par�metroi troqi�c

TÔpoc troqi�c GewsÔgqronh

Uyìmetro (Km) 35 786

Arijmìc dorufìrwn se troqi� 9

Apìstash geitonik¸n dorufìrwn (moÐrec) toul�qiston 2

2. EÔroc suqnot twn kai pìlwsh

Suqnìthta �nw zeÔxhc (GHz) 47.2-50.2

Pìlwsh �nw zeÔxhc LHCP/RHCP

Suqnìthta k�tw zeÔxhc (GHz) 39.5-42.5

Pìlwsh k�tw zeÔxhc LHCP/RHCP

3. ApaitoÔmeno f�sma se k�je kateÔjunsh MHz 3 000

4. Par�metroi ekpomp c

TÔpoc diamìrfwshc QPSK

Service link beams 48

Feeder-link segments/polarization 8 beams for gateway communication

2 downlink beams for HCDR service

EÔroc z¸nhc dèkth User service beams:

Uplink: 500 kHz, 3 MHz, 11 MHz, data

Downlink: 125 MHz

Gateway beams:

Uplink and downlink: 125 MHz

HCDR beams:

Downlink: 1 GHz

EÔroc z¸nhc pompoÔ User service beams:

Uplink: 500 kHz, 3 MHz, 11 MHz, data

Downlink: 125 MHz

Gateway beams:

Uplink and downlink: 125 MHz

HCDR beams:

Downlink: 1 GHz
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PÐnakac 4.3: Doruforikì SÔsthma GEOSAT-X sunèqeia

Sunolikì C/N0 an� qr sth (dB/Hz) User service beams C/N0:

sunèqeia Uplink (clear air): 75.6, 76.9, 84.3, 93.2

(rain): 67.8, 67.8, 75.5, 81.6

Downlink (clear air): 89.8, 92.1, 94.8, 103.5

(rain): 82.8, 82.8, 86.2, 90.3

Gateway beams C/N0:

Uplink (clear air): 111.8; (rain): 92.3

Downlink (clear air): 110.5; (rain): 93.0

HCDR beams C/N0:

Downlink (clear air): 115.8; (rain): 101.6

e.i.r.p./carrier (dBW) �nw zeÔxhc service beams (EOC): 49.9, 53.0, 60.4, 69.2

Gateway beams: 83.9

5. Par�metroi ekpomp c fèrontoc

e.i.r.p./carrier (dBW) k�tw zeÔxhc User service beams (EOC): 61.2

Gateway beams: 62.7

HCDR beams: 62.2

TÔpoc doruforikoÔ anametadìth On-board processing

6. Par�metroi doruforik  keraÐac

Tx maximum gain (dBi) 56.5 user and gateway links 53.7 HDR

Rx maximum gain (dBi) 53.8

Side lobes (dB) Tx: 14 below peak

Rx: 25 below peak

Back lobes (dB) 25 below peak

7. Par�metroi stajmoÔ ed�fouc

Peak Tx gain (dBi) 44.8-59.3 user E/S from 45 cm to 240 cm

64.8 for gateway earth stations

Peak Rx gain (dBi) 43.3-57.8 user E/S from 45 cm to 240 cm

63.3 for gateway earth stations

69.3 for HCDR earth stations

Di�gramma AktinobolÐac Rec. ITU-R S.580 (29 - 25 log (angle))

El�qisth gwnÐa anÔywshc (moÐrec) 20

8. Katanom  stajm¸n ed�fouc Pagkìsmia/qwrÐc periorismoÔc

9. Strathgik  metagwg c stajm¸n ed�fouc Apofug  parembol¸n
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PÐnakac 4.4: Doruforikì SÔsthma GSOV-B1

1. EÔroc suqnot twn kai pìlwsh

Suqnìthta �nw zeÔxhc (GHz) 47.2-50.2

Pìlwsh �nw zeÔxhc Grammik 

Suqnìthta k�tw zeÔxhc (GHz) 37.5-40.5

Pìlwsh k�tw zeÔxhc Grammik 

2. ApaitoÔmeno f�sma se k�je kateÔjunsh MHz 3000

3. Par�metroi ekpomp c fèrontoc

TÔpoc diamìrfwshc QPSK/SS-TDMA

Arijmìc desm¸n gia zeÔxeic qr sth 24

Rujmìc dedomènoc an� TDMA fèron 88 Mbit/s

128 kbit/s

Occupied bandwidth 105.6 MHz

167 KHz

KwdikopoÐhsh R 1/2

4. Par�metroi keraÐac dorufìrou

Kèrdoc keraÐac (dBi) 51.5

G/T (dB/K) 23.4

JermokrasÐa jorÔbou (K) 650

EÔroc dèsmhc (moÐrec) 0.3

Arijmìc desm¸n 24

5. Par�metroi keraÐac stajmoÔ ed�fouc

Kèrdoc keraÐac SÔmfwna me ton pÐnaka pou akoloujeÐ

El�qisth gwnÐa anÔywshc (moÐrec) 20
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PÐnakac 4.5: Qarakthristik� ekpomp c GSOV-B1

Qarakthristik� ekpomp c 194KG7W 123MG7W

'Anw/K�tw ZeÔxh Di�metroc Kèrdoc Mègisth El�qisth Mègisth El�qisth

E/S E/S pukn. isqÔoc pukn.isqÔoc pukn. isqÔoc pukn. isqÔoc

m dBi dB(W/Hz) dB(W/Hz) dB(W/Hz) dB(W/Hz)

Uplink clear sky 0.45 45.2 -47.3 -65.8 -48.7 -51.7

0.9 51.2 -53.3 -71.8 -54.7 -57.7

1.2 53.7 -55.8 -74.3 -57.2 -60.2

6 67.7 -69.8 -88.3 -71.2 -74.2

Uplink degraded 0.45 45.2 -37.3 -65.8 -38.7 -51.7

0.9 51.2 -43.3 -71.8 -44.7 -57.7

1.2 53.7 -55.8 -74.3 -47.2 -60.2

6 67.7 -59.8 -88.3 -61.2 -74.2

Downlink 0.45 43.7 -60.3 -69.3 (aþ) (bþ)

0.9 49.7 (gþ) (dþ) -66.2 -73.3

1.2 52.2 -67.3 -75.5 -66.2 -74.9

6 66.2 -75.8 -78.8 -66.2 -77.5

aþden parèqetai
bþden parèqetai
gþektìc eÔrouc
dþektìc eÔrouc
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PÐnakac 4.6: Doruforikì SÔsthma GEO-SV

1. Par�metroi troqi�c

TÔpoc troqi�c GewsÔgqronh

Uyìmetro (Km) 35786

Arijmìc dorufìrwn se troqi� 6

Apìstash geitonik¸n dorufìrwn (moÐrec) toul�qiston 2

2. EÔroc suqnot twn kai pìlwsh

Suqnìthta �nw zeÔxhc (GHz) 47.2-50.2

Pìlwsh �nw zeÔxhc LHCP/RHCP

Suqnìthta k�tw zeÔxhc (GHz) 39.5-42.5

Pìlwsh k�tw zeÔxhc LHCP/RHCP

3. ApaitoÔmeno f�sma se k�je kateÔjunsh MHz 3 000

4. Par�metroi ekpomp c

TÔpoc diamìrfwshc D-QPSK

Service link beams 40

Rujmìc met�dosh an� TDMA fèron (Mbit/s) 155 (1 to 2.5 m ground terminals)

26.4 (45 cm ground terminals)

Coding rate 0.609

Effective overall rate (coding and data overhead) 0.517

Carrier occupied bandwidth (MHz) 199.85 (1 to 2.5 m terminals)

34.04 (45 cm terminals)

Required Eb/ (N0 + I0) without loss (dB) 5.0

Modem implementation loss (dB) 1.5

EÔroc z¸nhc pompoÔ/dèkth (MHz) 257 (1 to 2.5 m ground terminals)

43.7 (45 cm terminals)

Uplink e.i.r.p. per carrier (dBW) 75.5 (aþ)

Downlink e.i.r.p. per carrier (dBW) 62.0

TÔpoc doruforikoÔ anametadìth SS-TDMA

aþATPC
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PÐnakac 4.7: Doruforikì SÔsthma GEO-SV sunèqeia

5. Par�metroi keraÐac dorufìrou

EuaisjhsÐa dèkth G/T (dB/K) 26.4

Mègisto kèrdoc keraÐac pompoÔ (dBi) 58.0

Mègisto kèrdoc keraÐac dèkth (dBi) 58.0

EÔroc hmÐseiac isqÔoc keraÐac k�tw zeÔxhc 0.15◦

6. Par�metroi keraÐac stajmoÔ ed�fouc

Diast�seic Tx: 2.5 m

Rx: 2.5 m, 1 m, 45 cm

Peak Tx gain (dBi) 59.5

Peak Rx gain (dBi) 50.8 (1 m)

43.8 (45 cm)

EuaisjhsÐa dèkth G/T (dB/K) 23.8 (1 m)

16.8 (45 cm)

Di�gramma AktinobolÐac Rec. ITU-R S.580 (29 - 25 log (angle))

El�qisth gwnÐa anÔywshc (moÐrec) 15

7. Katanom  stajm¸n ed�fouc Pagkìsmia/qwrÐc periorismoÔc
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4.2.3 Stìqoi LeitourgÐac

AparaÐthth proôpìjesh gia thn an�ptuxh axiìpistwn krithrÐwn sunÔparxhc kai thn realistik 

an�lush parembol¸n metaxÔ twn Doruforik¸n DiktÔwn kai twn Stratosfairik¸n DiktÔwn eÐ-

nai h ikanopoÐhsh twn stìqwn leitourgÐac pou èqoun kajoristeÐ apì thn ITU-T kai thn ITU-R

gia to k�je dÐktuo. Oi stìqoi autoÐ èqoun kajoristeÐ lamb�nontac upìyh thn oloèna auxanì-

menh qr sh radiof�smatoc. Up�rqoun pollèc sust�seic pou sqetÐzontai me touc sunolikoÔc

leitourgikoÔc stìqouc gia di�fora eÐdh uphresi¸n kai gia di�fora eÐdh zeÔxewn tou Dorufo-

rikoÔ DiktÔou (StajeroÔ) me th qr sh gewstatik¸n dorufìrwn. Oi kuriìteroi stìqoi eÐnai h

diajesimìthta kai o rujmìc leitourgik¸n laj¸n ìpwc perigr�fontai analutik� stic epìmenec

enìthtec.

Gia thn an�ptuxh twn stìqwn leitourgÐac kai twn krithrÐwn parembol¸n, eÐnai aparaÐthth h

je¸rhsh enìc upojetikoÔ kukl¸matoc anafor�c (Hypothetical Reference Circuit, HRC). Gia

èna analogikì Doruforikì DÐktuo, to upojetikì kÔklwma anafor�c perigr�fetai sto [14].

Gia èna yhfiakì Doruforikì DÐktuo, eÐnai aparaÐthth h je¸rhsh miac upojetik c yhfiak c

diadrom c anafor�c (Hypothetical Reference Digital Path, HRDP), h opoÐa èqei thn morf 

tou Sq matoc 4.4, [15].
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Sq ma 4.4: Upojetik  diadrom  anafor�c gia Doruforikì DÐktuo yhfiak c met�doshc

H upojetik  yhfiak  diadrom  anafor�c perigr�fei me trìpo genikì doruforikèc sundèseic,

oi opoÐec mporeÐ na eÐnai sundedemènec se EpÐgeia DÐktua. Oi zeÔxeic metaxÔ twn stajm¸n ed�-

fouc kai ta antÐstoiqa touc epÐgeia yhfiak� kèntra metagwg c jewroÔntai mèroc tou EpÐgeiou

DiktÔou kai sunep¸c den sumperilamb�nontai sthn upojetik  yhfiak  diadrom  anafor�c.

Wstìso se aut  perilamb�nontai ta fÐltra, oi kwdikopoihtèc kai apokwdikopoihtèc, ta

152 BasÐlhc F. M lac - Didaktorik  Diatrib 



Kef�laio 4.

kukl¸mata diìrjwshc laj¸n, h metagwg  kai o exoplismìc poluplexÐac sto stajmì ed�fouc

  ston termatikì stajmì tou qr sth. H upojetik  yhfiak  diadrom  anafor�c afor� zeÔxeic

shmeÐou proc shmeÐo, zeÔxeic shmeÐou proc pollapl� shmeÐa, all� kai asÔmmetra dÐktua.

Ja prèpei na shmeiwjeÐ ìti to diasthmikì mèroc tou upojetikoÔ kukl¸matoc kai thc upo-

jetik c diadrom c mporeÐ na perilamb�nei parap�nw apì ènan dorufìrouc se dia-doruforikèc

zeÔxeic.

4.2.3.1 Stìqoi Diajesimìthtac

H diajesimìthta miac yhfiak c doruforik c zeÔxhc orÐzetai apì thn parak�tw sqèsh:

ASatelliteHDRP = ALink ·AEarth Station ·ASpacecraft (4.2.1)

ìpou:

ALink: h diajesimìthta sto �nw kai k�tw tm ma thc zeÔxhc lìgw apìsbeshc apì broq 

kai �lla fainìmena parembol¸n,

AEarth Station: h diajesimìthta (axiopistÐa tou exoplismoÔ) ìlou tou exoplismoÔ pomp¸n

kai dekt¸n sto epÐgeio tm ma thc zeÔxhc. Perilamb�nei epÐshc tic parembolèc apì ton

'Hlio [16],

ASpacecraft: h sunolik  diajesimìthta ston dorufìro,

ASatelliteHDRP : to ginìmeno ìlwn twn diajesimot twn se ìla ta tm mata thc zeÔxhc.

SÔmfwna me thn anafor� [7], gia èna Stajerì Doruforikì DÐktuo, h mh diajesimìthta thc

zeÔxhc lìgw tou exoplismoÔ stajm¸n ed�fouc kai dorufìrou (AEarth Station kai ASpacecraft)

den prèpei na uperbaÐnei to 0.2% tou qrìnou.

H mh diajesimìthta lìgw aposbèsewn apì broq  kai �lla fainìmena parembol¸n sto �nw

kai k�tw tm ma thc zeÔxhc (ALink) den ja prèpei na uperbaÐnei to 0.2% k�je m na gia k�je

kateÔjunsh thc upojetik c yhfiak c diadrom c anafor�c   isodÔnama h zeÔxh ja prèpei na

eÐnai diajèsimh toul�qiston kat� 99.96% tou qrìnou.
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4.2.3.2 Stìqoi Leitourgik¸n Laj¸n

Oi stìqoi leitourgik¸n laj¸n gia èna Doruforikì DÐktuo perigr�fontai stic akìloujec su-

st�seic thc ITU-R:

• gia yhfiak  doruforik  zeÔxh apì �kro se �kro mèroc diejnoÔc diktÔou gia rujmoÔc

megalÔterouc tou basikoÔ (Basikìc rujmìc jewreÐtai apì thn ITU-R ta 1.5 Mbps):

ITU-R S.1062 [5],

• gia yhfiak  doruforik  zeÔxh mèroc ISDN diktÔou: ITU-R S.614 [4],

• gia doruforik  zeÔxh pou qrhsimopoieÐ palmokwdik  diamìrfwsh: ITU-R S.522 [3].

Oi stìqoi leitourgik¸n laj¸n gia yhfiak  doruforik  zeÔxh kai o katamerismìc twn lei-

tourgik¸n laj¸n sthn upojetik  yhfiak  diadrom  anafor�c orÐzontai sthn ITU-T G.826,

b�sh thc opoÐac sthn anafor� [5], orÐzetai h pijanìthta leitourgik¸n laj¸n gia èna Dorufo-

rikì DÐktuo sÔmfwna me ton PÐnaka 4.8.

H metablht  α orÐzei ton mèso ìro lanjasmènwn duadik¸n yhfÐwn se mia rip  laj¸n. Ja

prèpei na shmeiwjeÐ ìti oi stìqoi leitourgik¸n laj¸n pou anafèrjhkan orÐzontai gia sust mata

pou leitourgoÔn se z¸nec suqnot twn mikrìterec twn 30 GHz. ApoteloÔn mia pr¸th anafor�

kai gia tic uyhlìterec suqnìthtec all� autì eÐnai èna jèma pou apaiteÐ peraitèrw melèth.

4.2.4 Mègisth Epitrept  Parembol 

H mègisth ajroistik  mèsh epitrept  parembol  se èna Doruforikì DÐktuo katamerÐzetai ar-

qik� wc ex c [6]:

• 32% tou jorÔbou tou sust matoc upì sunj kec kajaroÔ ouranoÔ, gia sust mata pou

den efarmìzoun epanaqrhsimopoÐhsh suqnìthtac,

• 27% tou jorÔbou tou sust matoc upì sunj kec kajaroÔ ouranoÔ, gia sust mata pou

efarmìzoun epanaqrhsimopoÐhsh suqnìthtac.

H epanaqrhsimopoÐhsh suqnìthtac eÐnai mia teqnik  pou stìqo èqei thn aÔxhsh thc plh-

roforiak c qwrhtikìthtac thc zeÔxhc, qwrÐc na gÐnetai aÔxhsh tou qrhsimopoioÔmenou eÔrouc
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PÐnakac 4.8: Stìqoi Leitourgik¸n Laj¸n gia Doruforik� DÐktua

Bit rate (Mbps) % Total Time (Worst Month) BEP/α

0.2 7× 10−7

1.5 2 3× 10−8

10 3× 10−9

0.2 7× 10−6

2 2 2× 10−8

10 2× 10−9

0.2 8× 10−7

6 2 1× 10−8

10 1× 10−9

0.2 4× 10−7

51 2 2× 10−9

10 2× 10−10

0.2 1× 10−7

155 2 1× 10−9

10 1× 10−10

z¸nhc. DÔo apì tic pio gnwstèc mejìdouc epanaqrhsimopoÐhshc suqnìthtac eÐnai h qr sh

dipl  pìlwshc kai h qr sh dipl c dèsmhc gia thn k�luyh thc Ðdiac perioq c me aut  thc miac

dèsmhc.

Ja prèpei na shmeiwjeÐ ìti ta proanaferjènta posost� merismoÔ thc mègisthc epitrept c

parembol c anafèrontai se sust mata pou leitourgoÔn se suqnìthtec mikrìterec twn 15 GHz.

ApoteloÔn mia pr¸th anafor� kai gia tic uyhlìterec suqnìthtec all� autì eÐnai èna jèma pou

apaiteÐ peraitèrw melèth. Gia suqnìthtec p�nw apì ta 10 GHz h qr sh dipl c pìlwshc gÐnetai

idiaÐtera problhmatik  [28]. H epanaqrhsimopoÐhsh suqnìthtac genik� dhmiourgeÐ prìsjeto

jìrubo sto Ðdio to sÔsthma [23].

H mègisth epitrept  parembol  katamerÐzetai epiplèon wc ex c:

• 25% gia �lla DD, ìtan den efarmìzetai epanaqrhsimopoÐhsh suqnìthtac,

• 20% gia �lla DD, ìtan efarmìzetai epanaqrhsimopoÐhsh suqnìthtac,
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• 6% gia �lla dÐktua me prwteÔousa proteraiìthta

• 1% gia �llec phgèc parembol c

To �jroisma ìlwn twn parap�nw phg¸n parembol c den prèpei na uperbaÐnei touc stìqouc

diajesimìthtac kai leitourgik¸n laj¸n pou èqoun oristeÐ stic prohgoÔmenec enìthtec.
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4.3 Diadrom  Di�doshc Parembol c A1

H diadrom  di�doshc parembol c A1 anafèretai stic parembolèc pou prokaloÔntai apì touc

epÐgeiouc stajmoÔc tou StratosfairikoÔ DiktÔou proc touc gewstatikoÔc dèktec tou Do-

ruforikoÔ DiktÔou. H parembol  gÐnetai sthn suqnìthta �nw zeÔxhc tou SD f1 (47.9-48.2

GHz).

Stic epìmenec paragr�fouc parousi�zontai ta up�rqonta krit ria sunÔparxhc, kai pro-

teÐnetai mia nèa mèjodoc me b�sh thn opoÐa melet¸ntai oi sunj kec sunÔparxhc metaxÔ SD

kai DD ìtan leitourgoÔn sthn Ðdia perioq  k�luyhc, kai ex�gontai nèa ìria isqÔoc gia touc

epÐgeiouc stajmoÔc tou SD. Ja prèpei na shmeiwjeÐ ìti o periorismìc thc isqÔoc twn epÐgeiwn

stajm¸n tou SD eÐnai mia polÔ shmantik  par�metroc sthn sunÔparxh twn dÔo diktÔwn, apo-

teleÐ ìmwc kai èna krit rio gia thn dunatìthta paroq c euruzwnik¸n uphresi¸n gia to Ðdio

to SD. Kat� sunèpeia, gia thn exagwg  twn idanik¸n orÐwn isqÔoc oi dÔo autèc par�metroi

prèpei na lamb�nontai upìyh.

4.3.1 Up�rqonta Krit ria SunÔparxhc

SÔmfwna me thn up�rqousa melèth thc ITU-R [10], ta epÐpeda ajroistik c parembol c pou dè-

qetai o dèkthc tou DD apì 300 epÐgeiouc stajmoÔc tou SD3 eÐnai k�tw apì ta epitrept� ìria.

Bèbaia gia th sugkekrimènh diadrom  di�doshc parembol c, gÐnetai h je¸rhsh ìti o �xonac

skìpeushc tou dorufìrou eÐnai prosanatolismènoc èxw apì thn perioq  k�luyhc thc strato-

sfairik c platfìrmac. DiaqwrÐzetai dhlad  gewgrafik� to Ðqnoc thc dèsmhc tou dorufìrou

kai h perioq  ìpou leitourgoÔn oi epÐgeioi stajmoÐ tou StratosfairikoÔ DiktÔou.

Sthn pragmatikìthta kai me dedomènh thn taqeÐa an�ptuxh twn dÔo diktÔwn, o gewgrafikìc

diaqwrismìc metaxÔ thc perioq c k�luyhc thc stratosfairik c platfìrmac kai tou Ðqnouc thc

dèsmhc tou dorufìrou, ja eÐnai dÔskolo na epiteuqjeÐ. Autì gÐnetai akìma pio dÔskolo gia

q¸rec me thn mikr  gewgrafik  èktash ìpwc h Ell�da, kaj¸c ìpwc faÐnetai kai sto Sq ma

Gþ.2 (Par�rthma Gþ), h an�ptuxh enìc pijanoÔ SD me thn platfìrma p�nw apì to kèntro thc

Aj nac gia thn paroq  uphresi¸n se astikoÔc, proastiakoÔc kai agrotikoÔc qr stec ja eÐqe

thn proôpìjesh thc mh Ôparxhc stajm¸n tou DD se polÔ meg�lh èktash.

Sthn anafor� [17], tonÐzetai h an�gkh gia mia nèa diadikasÐa gia thn e¸c t¸ra mh prosdio-
3100 epÐgeioi stajmoÐ se k�je z¸nh k�luyhc
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rismènh perÐptwsh suntonismoÔ metaxÔ twn ekpomp¸n thc �nw zeÔxhc (Gh-proc-stratìsfaira)

tou SD kai thc �nw zeÔxhc (Gh-proc-di�sthma) tou DoruforikoÔ DiktÔou, ìtan oi epÐgeioi

stajmoÐ tou SD emfanÐzontai sthn perioq  k�luyhc DD.

4.3.2 Proteinìmenh Mèjodoc

H mèjodoc pou proteÐnoume, basÐzetai sthn ektÐmhsh tou lìgou omodiaulik c parembol c-

proc-jermikì jìrubo pou prokaleÐtai apì tic ekpompèc isqÔoc thc �nw zeÔxhc (Gh - proc -

stratìsfaira) tou SD proc touc gewstatikoÔc doruforikoÔc dèktec, lamb�nontac upìyh ìti

ta dÔo dÐktua leitourgoÔn sthn Ðdia perioq  k�luyhc.

Oi pio shmantikoÐ par�gontec pou ephre�zoun th st�jmh omodiaulik c parembol c pou pro-

kaleÐtai apì tic ekpompèc isqÔoc thc �nw zeÔxhc tou SD proc touc gewstatikoÔc doruforikoÔc

dèktec sqetÐzontai me:

• to an h parembol  proèrqetai

– apì ènan epÐgeio stajmì SD,

– apì èna pl rec aneptugmèno SD,

– apì perissìtera tou enìc SD,

• to an o kÔrioc �xonac skìpeushc tou dorufìrou

– eÐnai sthn perioq  an�ptuxhc tou SD,

– eÐnai makri� apì thn perioq  an�ptuxhc tou SD,

• to gewgrafikì pl�toc an�ptuxhc tou SD,

• thn perioq  pou brÐskontai oi epÐgeioi stajmoÐ:

– astik ,

– proastiak 

– agrotik 

• ta teqnik� kai leitourgik� qarakthristik� twn dÔo diktÔwn
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Sthn §4.3.2.1 analÔetai to proteinìmeno ajroistikì montèlo I/N . Sthn §4.3.2.1.1 perigr�-

fetai h PerÐptwsh A thc melèthc pou antistoiqeÐ sthn isqurìterh pijan  parembol  proc ton

doruforikì dèkth, en¸ sthn §4.3.2.1.2 perigr�fetai h PerÐptwsh B pou kalÔptei to sen�rio thc

sugkritik� asjenèsterhc parembol c proc ton doruforikì dèkth Sthn §4.3.2.1.3 upologÐzetai

to sunolikì kèrdoc G(H−S)i(ϕHSi) kai sthn teleutaÐa enìthta parousi�zontai ta apotelèsmata

thc melèthc.

4.3.2.1 Montèlo EktÐmhshc Lìgou Parembol c-proc-Jìrubo

Gia ton qarakthrismì thc parembol c pou dèqetai ènac gewstatikìc doruforikìc dèkthc apì

polloÔc epÐgeiouc stajmoÔc SD, o lìgoc parembol c-proc-jìrubo apoteleÐ mia apì tic pio sh-

mantikèc paramètrouc. To proteinìmeno I/N montèlo perigr�fetai apì tic akìloujec sqèseic:

I

N
= 10 · log

{
n∑

i=1

Ii

}
− {10 · log (kTSBWS)} (dB) (4.3.1)

Ii = 10
P(H−S)i

10 · 10
G(H−S)i(ϕHSi

)

10 · 10
G(S−H)i(ϕSHi

)

10 · L (4.3.2)

L =
(

λ

4πRSni

)2

(4.3.3)

ìpou:

n: o arijmìc twn epÐgeiwn stajm¸n tou SD,

P(H−S)i: h isqÔc ekpomp c twn epÐgeiwn stajm¸n tou SD (dBW),

G(H−S)i(ϕHS): to kèrdoc thc keraÐac ekpomp c wn epÐgeiwn stajm¸n tou Stratosfairi-

koÔ DiktÔou (dBi),

G(S−H)i(ϕSH): to kèrdoc thc keraÐac l yhc tou doruforikoÔ dèkth (dBi),

ϕHSi: h gwnÐa apìklishc tou epÐgeiou stajmoÔ apì thn kÔria kateÔjunsh (moÐrec),

ϕSHi: h gwnÐa apìklishc tou doruforikoÔ dèkth apì thn kÔria kateÔjunsh ( (moÐrec),
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λ: to m koc kÔmatoc (m),

RSni: to m koc thc diadrom c di�doshc thc parembol c (m),

k: h stajer� Boltzmann’s (1.38× 10−23W/(Hz · k)),

TS : h jermokrasÐa jorÔbou tou doruforikoÔ dèkth (K),

BWS : to eÔroc z¸nhc tou doruforikoÔ dèkth (Hz).

Gia thn jewrhtik  ektÐmhsh twn parembol¸n proteÐnoume dÔo jemeli¸deic peript¸seic an�-

lushc:

• PerÐptwsh A, ìpou to Stratosfairikì DÐktuo anaptÔssetai kont� ston Ishmerinì,

• PerÐptwsh B, ìpou to Stratosfairikì DÐktuo anaptÔssetai kont� stouc Pìlouc.

4.3.2.1.1 PerÐptwsh A - An�ptuxh kont� ston Ishmerinì H pr¸th perÐptwsh an-

tistoiqeÐ stic parembolèc pou prokaloÔntai ston gewstatikì doruforikì dèkth apì touc epÐ-

geiouc stajmoÔc StratosfairikoÔ DiktÔou pou èqei anaptuqjeÐ kont� sthn perioq  tou Ish-

merinoÔ. Oi gewgrafikèc suntetagmènec gia to kat¸tero shmeÐo k�tw apì thn stratosfairik 

platfìrma (nadÐr) eÐnai oi akìloujec: gewgrafikì m koc 0◦, gewgrafikì pl�toc 0◦. O �xonac

skìpeushc tou dorufìrou eÐnai prosanatolismènoc proc to nadÐr (Sq ma 4.5). Autèc oi dÔo

sunj kec antistoiqoÔn sthn isqurìterh pijan  parembol  proc ton doruforikì dèkth.

Gia thn sugkekrimènh gewmetrÐa parembol c, jewroÔme ìti h gwnÐa ϕSH tou doruforikoÔ

dèkth sthn kateÔjunsh tou epÐgeiou stajmoÔ SD, eÐnai polÔ mikr  (' 0 moÐrec), epomènwc

G(S−H)i(ϕSHi) = G(S−H), ìpou G(S−H) to mègisto kèrdoc thc keraÐac tou dorufìrou, sÔm-

fwna me tic timèc twn kerd¸n keraÐac twn doruforik¸n susthm�twn pou perigr�fontai sthn

§4.2.2. Epiplèon to m koc thc diadrom c di�doshc thc parembol c metaxÔ tou dorufìrou kai

twn epÐgeiwn stajm¸n, RSni, mporeÐ na jewrhjeÐ Ðsh me Rgeo = 35786Km. Tèloc e�n jew-

r soume Ðdia isqÔ ekpomp c, P(H−S)i = P(H−S) gia ìlouc touc epÐgeiouc stajmoÔc, h (4.3.1)

aplopoieÐtai wc ex c:

I

N
= CA + 10 log

{
n∑

i=1

10
G(H−S)i(ϕHSi)

10

}
− 10 log {kTSBWS} (4.3.4)

ìpou CA: stajer .
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Sq ma 4.5: GewmetrÐa parembol c - PerÐptwsh A

4.3.2.1.2 PerÐptwsh B - An�ptuxh kont� stouc Pìlouc H PerÐptwsh B antistoiqeÐ

stic parembolèc pou prokaloÔntai ston gewstatikì doruforikì dèkth apì touc epÐgeiouc staj-

moÔc StratosfairikoÔ DiktÔou pou èqei anaptuqjeÐ se uyhlì gewgrafikì pl�toc, sth dik  mac

je¸rhsh kont� stouc Pìlouc. O �xonac skìpeushc tou dorufìrou eÐnai prosanatolismènoc

proc to shmeÐo nadÐr k�tw apì thn stratosfairik  platfìrma (Sq ma 4.6). H perÐptwsh aut 

kalÔptei to sen�rio thc sugkritik� asjenèsterhc parembol c proc ton doruforikì dèkth.

Gia thn sugkekrimènh gewmetrÐa parembol c, jewroÔme ìti h gwnÐa ϕSH tou doruforikoÔ

dèkth sthn kateÔjunsh tou epÐgeiou stajmoÔ tou SD (trÐgwno WSB), eÐnai polÔ mikr  (' 0

moÐrec), epomènwc G(S−H)(ϕSH) = G(S−H), ìpou G(S−H) to mègisto kèrdoc thc keraÐac tou

dorufìrou, sÔmfwna me tic timèc twn kerd¸n keraÐac twn doruforik¸n susthm�twn pou peri-

gr�fontai sthn §4.2.2. Epiplèon jewroÔme ìti to m koc thc diadrom c di�doshc thc parembol c

metaxÔ tou dorufìrou kai twn epÐgeiwn stajm¸n, RSni, eÐnai RSn = 41679Km (apì sfairik 

gewmetrÐa). E�n jewr soume Ðdia isqÔ ekpomp c, P(H−S)i = P(H−S) gia ìlouc touc epÐgeiouc

stajmoÔc, h (4.3.1) aplopoieÐtai wc ex c:

I

N
= CB + 10 log

{
n∑

i=1

10
G(H−S)i(ϕHSi)

10

}
− 10 log {kTSBWS} (4.3.5)

ìpou CB: stajer .
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Sq ma 4.6: GewmetrÐa parembol c - PerÐptwsh B

4.3.2.1.3 Sunolikì Kèrdoc G(H−S)i(ϕHSi) To di�gramma aktinobolÐac thc keraÐac tou

epÐgeiou stajmoÔ tou SD akoloujeÐ to majhmatikì montèlo pou perigr�fetai sthn §2.8.3, ìpou
ϕ = ϕHSi eÐnai h gwnÐa apìklishc tou epÐgeiou stajmoÔ tou SD apì thn kÔria kateÔjunsh.

An jewr soume ìti èna pl rec aneptugmèno SD èqei th dunatìthta paroq c uphresi¸n se

100 omodiaulikoÔc epÐgeiouc stajmoÔc pou brÐskontai summetrik� se k�je mia apì tic treic pe-

rioqèc (astik , proastiak , agrotik ), kai me b�sh thn gewmetrÐa parembol c pou apeikonÐzetai

sto Sq ma 4.7, mporoÔme na upologÐsoume thn gwnÐa apìklishc wc:

ϕHSi = 90◦ − ϑi (4.3.6)

gia thn perÐptwsh A,

ϕHSi = cos−1(cos(ϑi) cos(180◦ − δi)) (4.3.7)

gia thn perÐptwsh B.

To sunolikì kèrdoc G(H−S)i(ϕHSi) upologÐzetai me b�sh ta parap�nw kai parousi�zetai

ston PÐnaka 4.9 gia k�je perioq  k�luyhc.
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Sq ma 4.7: GewmetrÐa eÔreshc ϕHSi

4.3.2.2 Apotelèsmata An�lushc I/N

Me b�sh tic sqèseic (4.3.4), (4.3.5), kai tic st lec 4, 5 tou PÐnaka 4.9, upologÐzoume touc

lìgouc I/N gia tic dÔo peript¸seic. Stouc PÐnakec 4.10, 4.11 parousi�zontai ta apotelèsmata

gia ta doruforik� dÐktua GEOSAT-X, GSOV-B1, GEO-SV.

Apì ta apotelèsmata thc jewrhtik c an�lushc pou parousi�zontai stouc PÐnakec 4.10,

4.11, sumperaÐnoume ìti up�rqoun epark  perij¸ria (apì 6.7 e¸c 28 dB gia thn perÐptwsh A,

apì 11.9 e¸c 35.6 dB gia thn perÐptwsh B) kai gia tic dÔo peript¸seic se sqèsh me thn tim 

tou epitreptoÔ krithrÐou I/N = 10%.

Gia na epibebai¸soume ta apotelèsmata thc jewrhtik c an�lushc all� kai na ektimhjeÐ h

pijanìthta omal c sunÔparxhc metaxÔ twn dÔo susthm�twn se realistikì perib�llon, prag-

matopoi same arketèc prosomoi¸seic gia k�je mÐa apì tic treic perioqèc k�luyhc thc strato-

sfairik c platfìrmac. K�je dokim  antistoiqeÐ se nèa perioq  an�ptuxhc tou StratosfairikoÔ

DiktÔou, xekin¸ntac apì ton Ishmerinì, ìpou to shmeÐo nadÐr k�tw apì thn platfìrma èqei

suntetagmènec: gewgrafikì pl�toc 0◦, gewgrafikì m koc 0◦, kai katal gontac se perioq 

BasÐlhc F. M lac - Didaktorik  Diatrib  163



Kef�laio 4.

PÐnakac 4.9: Sunolikì Kèrdoc

Perioq  K�luyhc Kèrdoc KeraÐac AktÐna K�luyhc Sunolikì Kèrdoc

(dBi) (Km) PerÐptwsh A PerÐptwsh B

Astik  23 0-36 26.8 10.0

Proastiak  38 36-76.5 15.0 13.1

Agrotik  38 76.5-203 15.0 16.6

PÐnakac 4.10: Apotelèsmata I/N - PerÐptwsh A

Perioq  K�luyhc IsqÔc Ekpomp c I/N (dB) - PerÐptwsh A

(dBW) GSOV-B1 GEO-SV GEOSAT-X

Astik  -8 -27.2 -26.3 -16.7

Proastiak  -7 -38.0 -37.1 -27.5

Agrotik  -1.5 -32.5 -31.6 -22.0

kont� stouc Pìlouc me suntetagmènec: gewgrafikì pl�toc 80◦, gewgrafikì m koc 0◦.

Na shmei¸soume ìti se k�je dokim  o �xonac skìpeushc tou dorufìrou akoloujeÐ thn

perioq  k�luyhc tou SD. Epiplèon ìpwc diapist¸jhke apì arqikèc prosomoi¸seic to gewgra-

fikì m koc an�ptuxhc twn epÐgeiwn stajm¸n tou SD den diaforopoieÐ se shmantikì bajmì thn

st�jmh omodiaulik c parembol c pou lamb�netai apì ton doruforikì dèkth.

Oi metablhtèc pou lamb�noume upìyh sth melèth eÐnai oi akìloujec:

• Elegqìmenec metablhtèc: Montèla di�doshc, teqnik� qarakthristik� stajm¸n, epitre-

ptì krit rio parembol c.

• Anex�rthth metablht : Gewgrafikì pl�toc an�ptuxhc epÐgeiwn stajm¸n kai �xona skì-

peushc dorufìrou.

• Exart¸menh metablht : Lìgoc I/N .

Ta apotelèsmata thc prosomoÐwshc parousi�zontai sto Sq ma 4.8 gia to sen�rio ìpou
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PÐnakac 4.11: Apotelèsmata I/N - PerÐptwsh B

Perioq  K�luyhc IsqÔc Ekpomp c I/N (dB) - PerÐptwsh B

(dBW) GSOV-B1 GEO-SV GEOSAT-X

Astik  -8 -45.6 -44.7 -35.1

Proastiak  -7 -38.0 -40.6 -31.0

Agrotik  -1.5 -32.5 -31.5 -21.9

h parembol  prokaleÐtai apì ekpompèc isqÔoc sthn astik  perioq  k�luyhc, sto Sq ma 4.9

gia to sen�rio ìpou h parembol  prokaleÐtai apì ekpompèc isqÔoc sthn proastiak  perioq 

k�luyhc kai sto Sq ma 4.10 gia to sen�rio ìpou h parembol  prokaleÐtai apì ekpompèc isqÔoc

sthn agrotik  perioq  k�luyhc.

To pr¸to sumpèrasma sto opoÐo odhgoÔmaste apì ta apotelèsmata pou proèkuyan apì thn

jewrhtik  an�lush (PÐnakec 4.10, 4.11) kai th prosomoÐwsh (Sq mata 4.8, 4.9, 4.10) eÐnai pwc h

tim  tou lìgou ajroistik c parembol c-proc-jermikì jìrubo den uperèbh to epitreptì krit rio

I/N = 10%, to opoÐo antistoiqeÐ se I/N = 10 · log(0.1) = −10 (dB). Autì exasfalÐzetai gia

ta sugkekrimèna doruforik� sust mata pou qrhsimopoi jhkan sth melèth, GSOV-B1, GEO-

SV, GEOSAT-X. Ta sugkekrimèna bèbaia jewroÔntai apì thn ITU-R wc tupik� sust mata

anafor�c gia thn z¸nh twn 50/40 GHz.

To proanaferjèn sumpèrasma ousiastik� apoteleÐ kai mia pr¸th ap�nthsh sto er¸thma

thc ITU-R [32], an apaitoÔntai periorismoÐ sta qarakthristik� isqÔoc twn epÐgeiwn stajm¸n

stratosfairik¸n diktÔwn gia thn omal  sunÔparxh me doruforikoÔc stajmoÔc, ìpwc  dh èqou-

me anafèrei.

'Ena deÔtero sumpèrasma eÐnai pwc gia thn PerÐptwsh A thc melèthc, epibebai¸nontai oi

timèc thc jewrhtik c an�lushc apì thn prosomoÐwsh, en¸ gia thn PerÐptwsh B parathroÔntai

apoklÐseic. Autì bèbaia exhgeÐtai, kaj¸c to gewgrafikì pl�toc an�ptuxhc epÐgeiwn stajm¸n

kai o �xonac skìpeushc tou dorufìrou, pou apoteloÔn tic dÔo anex�rthtec metablhtèc thc

prosomoÐwshc, den mporoÔsan na uperboÔn tic 80◦. Gia gewgrafik� pl�th megalÔtera twn

80◦, h zeÔxh metaxÔ dorufìrou kai stajmoÔ ed�fouc den eÐnai efikt .

Apì ta apotelèsmata thc prosomoÐwshc pou aforoÔn parembolèc pou prokaloÔntai apì
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Sq ma 4.8: Sumperifor� tou lìgou I/N sunart sei tou gewgrafikoÔ pl�touc an�ptuxhc tou SD
ìtan h parembol  prokaleÐtai apì ekpompèc isqÔoc sthn astik  perioq  k�luyhc

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
−40

−35

−30

−25

−20

−15

−10

Latitude (degrees)

I/N
 (

dB
)

GEOSAT−X
GEO−SV
GSOV−B1
criterion

Sq ma 4.9: Sumperifor� tou lìgou I/N sunart sei tou gewgrafikoÔ pl�touc an�ptuxhc tou SD
ìtan h parembol  prokaleÐtai apì ekpompèc isqÔoc sthn proastiak  perioq  k�luyhc
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Sq ma 4.10: Sumperifor� tou lìgou I/N sunart sei tou gewgrafikoÔ pl�touc an�ptuxhc tou SD
ìtan h parembol  prokaleÐtai apì ekpompèc isqÔoc sthn agrotik  perioq  k�luyhc

ekpompèc isqÔoc sthn proastiak  kai agrotik  perioq  k�luyhc (Sq mata 4.9, 4.10), parath-

roÔme pwc o lìgoc I/N aux�netai shmantik� gia gewgrafikì pl�toc megalÔtero twn 30◦, gia

thn proastiak  perioq  k�luyhc, kai megalÔtero twn 40◦, gia thn agrotik  perioq  k�luyhc.

H megalÔterh epib�runsh sto lìgo I/N shmei¸netai stic 65◦ me apìklish apì thn mikrìterh

tim  >11 dB (proastiak  perioq ), kai stic 75◦ me apìklish >13 dB (agrotik  perioq ). Su-

nolik� apì ta trÐa Doruforik� DÐktua kai tic treic perioqèc k�luyhc, h qeirìterh perÐptwsh

apodeiknÔetai aut  metaxÔ tou diktÔou GEOSAT-X kai twn ekpomp¸n isqÔoc pou proèrqontai

apì touc agrotikoÔc qr stec tou StratosfairikoÔ DiktÔou.

4.3.3 Nèa 'Oria IsqÔoc

Sthn paroÔsa enìthta proteÐnontai nèa ìria isqÔoc gia touc epÐgeiouc stajmoÔc tou Strato-

sfairikoÔ DiktÔou, me b�sh thn proteinìmenh mèjodo susqetÐzontac ton lìgo parembol c-proc-

jìrubo me thn aktÐna mègisthc radiok�luyhc tou SD, kai me thn isqÔ ekpomp c twn epÐgeiwn

stajm¸n tou SD, gia bèltisth qr sh tou radiof�smatoc pou moir�zontai to SD kai to DD.
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Apì ta apotelèsmata thc prohgoÔmenhc enìthtac, prokÔptei ìti h tim  tou lìgou ajroisti-

k c parembol c-proc-jermikì jìrubo den uperèbh to krit rio parembol c I/N = 10%, se kami�

apì tic peript¸seic pou melet jhkan. Sthn perÐptwsh pou uiojethjeÐ metaxÔ twn dÔo diktÔwn

to krit rio parembol c I/N = 6% to opoÐo antistoiqeÐ se I/N = −12.2 dB, h kat�stash eÐnai

diaforetik . ParathroÔme ìti gia gewgrafikì pl�toc megalÔtero twn 68◦ ìtan h parembol 

prokaleÐtai apì ekpompèc isqÔoc sthn agrotik  perioq  k�luyhc, oi timèc tou lìgou I/N eÐnai

sugkrÐsimec   akìma kai megalÔterec apì ta - 12.2 dB (Sq ma 4.10). H isqurìterh parem-

bol  dhmiourgeÐtai gia gewgrafikì pl�toc 75◦. Sto Sq ma Gþ.3 (Par�rthma Gþ) apeikonÐzetai

h gewmetrÐa ajroistik c parembol c pou prokaleÐtai apì tic ekpompèc isqÔoc thc �nw zeÔxhc

(Gh-proc-stratìsfaira) sth l yh gewstatikoÔ dorufìrou ìtan to SD eÐnai aneptugmèno se

gewgrafikì pl�toc 75◦ (RAC). Ta Sq mata 4.8, 4.9, mac dÐnoun thn plhroforÐa ìti ta epÐpeda

parembol c pou prokaleÐtai apì ekpompèc isqÔoc sthn astik  kai proastiak  perioq  k�luyhc,

gia ìla ta pijan� gewgrafik� pl�th, eÐnai k�tw apì thn tim  I/N = −15 dB, kai wc ek toÔtou

h paroÔsa an�lush epikentr¸netai sthn agrotik  z¸nh.

Sto Sq ma 4.11, èqoun upologisteÐ ta epÐpeda ajroistik c parembol c-proc-jìrubo gia

diaforetik  k�je stigm  k�luyh kai timèc isqÔoc ekpomp c. Apì to apotelèsma prokÔptei ìti

h isqÔc ekpomp c twn epÐgeiwn stajm¸n tou SD prèpei na eÐnai:

1. mikrìterh apì -3.4 dBW gia pl rh k�luyh me aktÐna e¸c kai ta 200 Km,

2. mikrìterh apì -2.8 dBW gia k�luyh me aktÐna e¸c kai ta 180 Km,

3. mikrìterh apì -2 dBW gia k�luyh me aktÐna e¸c kai ta 160 Km,

4. h problepìmenh apì thn ITU-R [25] -1.5 dBW gia k�luyh me aktÐna apì ta 100 Km e¸c

kai ta 140 Km.

E�n h mègisth epitrept  parembol  proc to DD eÐnai I/N = 1%, tìte h isqÔc ekpomp c

twn epÐgeiwn stajm¸n tou SD prèpei na eÐnai:

1. mikrìterh apì -11.5 dBW gia pl rh k�luyh me aktÐna e¸c kai ta 200 Km,

2. mikrìterh apì -11 dBW gia k�luyh me aktÐna e¸c kai ta 180 Km,

3. mikrìterh apì -10 dBW gia k�luyh me aktÐna e¸c kai ta 160 Km,

4. mikrìterh apì -9 dBW gia k�luyh me aktÐna e¸c kai ta 140 Km,
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 Sq ma 4.11: EpÐpeda lìgou ajroistik c parembol c-proc-jìrubo sunart sei thc aktÐnac radiok�lu-
yhc kai twn orÐwn isqÔoc twn epÐgeiwn stajm¸n tou SD

5. mikrìterh apì -7.8 dBW gia k�luyh me aktÐna e¸c kai ta 120 Km,

6. mikrìterh apì -5.9 dBW gia k�luyh me aktÐna e¸c kai ta 100 Km.

Ta nèa ìria isqÔoc pou ex�gontai eÐnai endeiktik� gia thn omal  sunÔparxh twn dÔo diktÔwn,

kai prwtÐstwc gia thn prostasÐa twn gewstatik¸n doruforik¸n dekt¸n. H mèjodoc an�lushc

thc paroÔsac enìthtac apoteleÐ èna qr simo mhqanismì gia thn an�lush twn ekpomp¸n isqÔoc

twn epÐgeiwn stajm¸n tou SD, kai gia thn ektÐmhsh thc parembol c apì SD proc DD.
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4.4 Diadrom  Di�doshc Parembol c A2

H diadrom  di�doshc parembol c A2 anafèretai stic parembolèc pou prokaloÔntai apì tic

platfìrmec StratosfairikoÔ DiktÔou proc touc gewstatikoÔc dèktec tou DoruforikoÔ Di-

ktÔou. H parembol  gÐnetai sthn suqnìthta k�tw zeÔxhc tou SD f2 (47.2-47.5 GHz).

4.4.1 Up�rqousec Melètec

H melèth thc ITU-R pou afor� thn diadrom  di�doshc parembol c A2 sthn V z¸nh suqnot twn

[10], basÐzetai sthn je¸rhsh ìti o pÐsw lobìc thc keraÐac thc stratosfairik c platfìrmac

eÐnai prosanatolismènoc proc thn kateÔjunsh tou doruforikoÔ �xona skìpeushc. Me ta sug-

kekrimèna teqnik� qarakthristik� pou lamb�nontai upìyh sth melèth aut , upologÐzetai ìti

h parembol  pou dèqetai o doruforikìc dèkthc eÐnai gÔrw sta -167 dB(W/MHz) gia SD

pou parèqei uphresÐec sthn agrotik  z¸nh. H parembol  apì SD pou parèqei uphresÐec se

proastiakoÔc kai astikoÔc qr stec jewreÐtai akìma qamhlìterh lìgw tou mikrìterou kèr-

douc keraÐac kai mikrìterhc isqÔoc. SumperaÐnetai genik�4, ìti h parembol  apì mia   kai

perissìterec platfìrmec proc dèkth tou DD ja eÐnai apodekt .

4.4.2 Montèlo EktÐmhshc Ajroistik c Parembol c

Sto sq ma 4.12 apeikonÐzetai to montèlo ektÐmhshc thc omodiaulik c parembol c pou proka-

leÐtai apì tic ekpompèc isqÔoc thc k�tw zeÔxhc (stratìsfaira-proc-Gh) tou SD proc thn �nw

zeÔxh (Gh-proc-di�sthma) tou DD. Ta epÐpeda isqÔoc parembol c se eÔroc anafor�c 1MHz,

I(g, h, b, r) pou dèqetai ènac gewstatikìc dorufìroc (g) apì mia dèsmh stratosfairik c plat-

fìrmac upologÐzontai me b�sh thn (4.4.1), h opoÐa proteÐnetai sto [1] kai uiojeteÐtai gia thn

paroÔsa melèth:

I(g, h, b, r) = PH(b)− Floss + GH
tx(ϕ(g, h, b))− FSL(g, h) + GS

rx(θ(h, g, r)) dB(W/MHz)

(4.4.1)

ìpou:
4dÐqwc na paratÐjentai ìmwc sthn sugkekrimènh sÔstash to plaÐsio   k�poia apotelèsmata thc an�lushc
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PH(b): h isqÔc ekpomp c se 1MHz, dB(W/MHz) sthn eÐsodo thc keraÐac thc strato-

sfairik c platfìrmac gia thn dèsmh (b)

Floss: oi ap¸leiec trofodosÐac (dB)

ϕ(g, h, b): h gwnÐa diaqwrismoÔ sth platfìrma (h) metaxÔ thc kateÔjunshc thc dèsmhc

(b) thc platfìrmac kai tou gewstatikoÔ dorufìrou (g)

GH
tx(ϕ(g, h, b)): to kèrdoc ekpomp c thc keraÐac (dBi) thc platfìrmac (h) gia gwnÐa

apìklishc apì thn kÔria kateÔjunsh ϕ(g, h, b)

FSL(g, h): oi ap¸leiec eleÔjerou q¸rou (dB) an�mesa sto gewstatikì dorufìro (g)

kai thn stratosfairik  platfìrma (h)

θ(h, g, r): h gwnÐa diaqwrismoÔ ston dorufìro (g) metaxÔ thc kateÔjunshc tou shmeÐou

anafor�c (r) kai thc platfìrmac (h)

GS
rx(θ(h, g, r)): to kèrdoc l yhc thc keraÐac (dBi) tou gewstatikoÔ dorufìrou (g) gia

gwnÐa apìklishc apì thn kÔria kateÔjunsh θ(h, g, r)

Gia ton upologismì thc gwnÐac diaqwrismoÔ sto dorufìro, jewreÐtai èna shmeÐo anafor�c

se sugkekrimènh jèsh sthn epif�neia thc ghc. Apì ed¸ kai sto ex c gÐnetai h upìjesh ìti h

kateÔjunsh thc kÔriac dèsmhc tou dorufìrou eÐnai p�ntote prosanatolismènh sto shmeÐo autì

anexart twc thc troqiak c tou jèshc. Sto Sq ma 4.13 apeikonÐzetai to gewmetrikì montèlo

pou qrhsimopoieÐtai kaj¸c kai to shmeÐo anafor�c. Epiprìsjeta gÐnetai h upìjesh ìti se

èna SD mia platfìrma mporeÐ na ekpèmpei pollapl� fèronta se k�je dèsmh thc, ta opoÐa

mporoÔn na paremb�lloun ìla mèsa sto eÔroc l yhc tou doruforikoÔ dèkth. H sunolik  aut 

parembol  ekfr�zetai wc Isingle kai upologÐzetai wc to �jroisma thc fasmatik c puknìthtac

I(g, h, b, r) apì ìlec tic dèsmec pou prob�llei h stratosfairik  platfìrma proc th Gh kai

qrhsimopoioÔn thn Ðdia suqnìthta ìpwc faÐnetai kai sthn (4.4.2):

Isingle = 10 log

(
hn∑

h=1

bn∑

b=1

10I(g,h,b,r)/10

)
(4.4.2)

ìpou:

bn: o arijmìc twn desm¸n pou qrhsimopoioÔn thn Ðdia suqnìthta,

hn: o arijmìc twn platform¸n pou qrhsimopoieÐ to SD.
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Sq ma 4.12: Montèlo ektÐmhshc parembol c apì stratosfairik  platfìrma proc gewstatikì doru-
forikì dèkth

Sq ma 4.13: Gewmetrikì montèlo shmeÐou anafor�c gia gewstatikì dorufìro
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Apì ta epÐpeda parembol c pou dèqetai o doruforikìc dèkthc, mporeÐ na upologisteÐ o lìgoc

I/N :

(I/N)single = Isingle −N = Isingle − 10 log(kTsat)− 60 (4.4.3)

ìpou:

(I/N)single: lìgoc parembol c-proc-jermikì jìrubo (dB)

N : isqÔc jermikoÔ jorÔbou tou doruforikoÔ dèkth se 1 MHz(dB(W/MHz))

k: stajer  Boltzmann’s (W/(K.Hz))

Tsat: jermokrasÐa jorÔbou tou doruforikoÔ sust matoc (K)

Ta sunolik� epÐpeda parembol c sugkrÐnontai me ta kat�llhla gia k�je perÐptwsh mègista

epitrept� ìria gia ton kajorismì thc epiblaboÔc   mh epÐdrashc twn ekpomp¸n thc k�tw zeÔxhc

tou StratosfairikoÔ DiktÔou sthn �nw zeÔxh tou DoruforikoÔ DiktÔou.

Katast�seic ìpou perissìterec apì mia stratosfairik  platfìrma paremb�lloun ston do-

ruforikì dèkth mporoÔn na prokÔyoun eÐte autèc proèrqontai apì th qr sh poll¸n platform¸n

gia thn thlepikoinwniak  k�luyh miac q¸rac,   apì thn egkat�stash enìc stratosfairikoÔ th-

lepikoinwniakoÔ diktÔou se pollèc q¸rec (p.q proteinìmeno dÐktuo MEDNET tou EurwpaðkoÔ

progr�mmatoc Helinet [30]).

H ajroistik  parembol  apì tic pollaplèc platfìrmec ekfr�zetai wc Imultiple kai upolo-

gÐzetai wc to �jroisma k�je parembol c apì ìla ta sust mata HAPS proc ton gewstatikì

doruforikì dèkth:

Imultiple = 10 log

(
sn∑

s=1

hn∑

h=1

bn∑

b=1

10I(g,h,b,r)/10

)
(4.4.4)

ìpou sn o arijmìc twn susthm�twn HAPS. Oi upìloipoi ìroi eÐnai ìpwc perigr�fhsan sthn

sqèsh 4.4.2 gia thn perÐptwsh parembol c apì mÐa platfìrma.

Gia ton akrib  qarakthrismì twn epipèdwn thc sunajroistik c parembol c (parembol  apì

pollèc platfìrmec tou Ðdiou SD   kai apì diaforetik� SD), ta pragmatik� teqnik� kai lei-

tourgik� qarakthristik� tou k�je sust matoc prèpei na qrhsimopoioÔntai stouc upologismoÔc.
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ElleÐyei tètoiac plhroforÐac gia èna h perissìtera apì ta sust mata, up�rqoun sust mata

anafor�c gia thn V (48/47 GHz) [25] kai Ka (31/28 GHz)[29] z¸nh suqnot twn pou perigr�-

fontai se sust�seic thc ITU-R.

4.4.3 Jewrhtik  Melèth

4.4.3.1 V Z¸nh Suqnot twn

H an�lush gia to sen�rio thc parembol c apì thn stratosfairik  platfìrma proc ton doru-

forikì dèkth ègine me paradoqèc gia thn qeirìterh perÐptwsh parembol¸n ìpwc:

• met�dosh twn stratosfairik¸n platform¸n sthn kateÔjunsh epÐgeiwn stajm¸n me tic

mikrìterec gwnÐec anÔywshc,

• topojèthsh tou doruforikoÔ stajmoÔ ed�fouc sto Ðdio gewgrafikì m koc kai pl�toc me

touc epÐgeiouc stajmoÔc tou StratosfairikoÔ DiktÔou.

Sto Sq ma 4.14 apeikonÐzontai oi lìgoi (C/I) gia mia realistik  an�ptuxh enìc SD kai

gia diaforetik� DD sÔmfwna me ta teqnik� qarakthristik� pou parousi�sthkan sthn §4.2.2,
kai me b�sh to montèlo pou parousi�sthke sthn prohgoÔmenh enìthta. O orizìntioc �xonac

antistoiqeÐ se ìlec tic pijanèc troqiakèc jèseic tou gewstatikoÔ dorufìrou (35 moÐrec Dutik�

- 80 moÐrec Anatolik�) pou ja mporoÔse na èqei zeÔxh me stajmì ed�fouc sthn Ell�da me

el�qisth gwnÐa anÔywshc 15 moÐrec. Apì ta apotelèsmata prokÔptoun epÐpeda (C/I) > 60dB

se ìlec tic peript¸seic. Sth sunèqeia melet jhke h st�jmh parembol c apì mia platfìrma,

h opoÐa antistoiqeÐ telik� se 0,4% tou NGEOSAT−X (jermikìc jìruboc tou GEOSAT − X

doruforikoÔ dèkth) kai ligìtero apì 0,1% gia ta �lla doruforik� sust mata anafor�c. H

sunolik  prosjetik  parembol  apì èna Stratosfairikì DÐktuo 18 platform¸n me zeÔxeic

k�je platfìrmac me 40 epÐgeiouc stajmoÔc proc to doruforikì dèkth kumaÐnetai metaxÔ -

131 dB(W/MHz) kai -170 dB(W/MHz). Ta kajoristik� qarakthristik� pou ephre�zoun se

shmantikì bajmì ta epÐpeda thc puknìthtac thc parembol c eÐnai to di�gramma aktinobolÐac

thc keraÐac tou doruforikoÔ dèkth, h jermokrasÐa jorÔbou tou sust matoc kai o arijmìc twn

stratosfairik¸n platform¸n kai twn epÐgeiwn stajm¸n pou ja exuphrethjoÔn.
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Sq ma 4.14: Shmatoparembolikìc lìgoc - Stratosfairik  Platfìrma proc Doruforikì Dèkth

4.4.3.2 Ka Z¸nh Suqnot twn

Qr sima eÐnai kai ta sumper�smata thc melèthc pou basÐzetai sto jewrhtikì montèlo thc

§4.4.2 stic suqnìthtec gÔrw apì ta 28 GHz [22]. JewreÐtai ìti to Stratosfairikì DÐktuo

apoteleÐtai apì ènan arijmì Stratosfairik¸n Platform¸n (SP), oi opoÐec leitourgoÔn se mia

perioq  ìpwc aut  pou apeikonÐzetai sto Sq ma 4.15. H SP pou brÐsketai sto kèntro thc

perioq c me suntetagmènec (Lx,Ly), (Lx,−Ly), (−Lx,Ly) kai (−Lx,−Ly) apoteleÐ to shmeÐo

anafor�c gia touc upologismoÔc. nx kai ny eÐnai oi SP pou brÐskontai ston x kai y �xona

antÐstoiqa, kai nT=nx ∗ ny ì sunolikìc arijmìc SP. O gewstatikìc doruforikìc dèkthc pou

dèqetai thn parembol  èqei ton �xona skìpeushc tou prosanatolismèno sto shmeÐo anafor�c.

H gwnÐa α sto Sq ma 4.15, orÐzei thn gwnÐa anÔywshc tou dorufìrou sto shmeÐo anafor�c.

O qarakthrismìc thc st�jmhc ajroistik c parembol c apì nT SP, gÐnetai me upologismì tou

lìgou s matoc parembol c-proc-jìrubo (I/N) sunart sei thc gwnÐac α gia touc diaforetikoÔc

sunduasmoÔc an�ptuxhc SD.

Oi tupikèc par�metroi twn SD stic suqnìthtec twn 28 GHz perigr�fontai sthn sÔstash

ITU-R F.1569 [29]. Ston PÐnaka 4.16 faÐnontai oi par�metroi pou qrhsimopoi jhkan stouc

upologismoÔc.
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�����

 
Sq ma 4.15: Montèlo an�ptuxhc stratosfairik¸n platform¸n

PÐnakac 4.12: Par�metroi SD sthn Ka z¸nh

HAPS-1 HAPS-2

Uyìmetro Stratosfairik  Platfìrmac (sto shmeÐo anafor�c) 20Km 20Km

Ajroistik  e.i.r.p. SP sÔmfwna me ITU-R F.1569 -5 dB(W/20MHz) -5 dBW/20MHz

M koc perioq c an�ptuxhc SP (2Lx) 1000 Km 600 Km

Pl�toc perioq c an�ptuxhc SP (2Ly) 1000 Km 600 Km

Arijmìc SP ston x �xona (nx) 11 9

Arijmìc SP ston y �xona (ny) 11 9

Sunolikìc arijmìc SP (nT ) 121 81

Apìstash metaxÔ SP ston x �xona (dx) 100 Km 75 Km

Apìstash metaxÔ SP ston y �xona (dy) 100 Km 75 Km
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Sq ma 4.16: Apotelèsmata lìgou I/N gia ton sunduasmì 121 SP HAPS-1, me apìstash diaqwrismoÔ
metaxÔ twn SP 100 Km

Ta apotelèsmata parousi�zontai sta Sq mata 4.16, 4.17, gia sunduasmì 121 SP (HAPS-

1), me apìstash diaqwrismoÔ metaxÔ twn SP 100 Km, kai 81 SP (HAPS-1), me apìstash

diaqwrismoÔ metaxÔ twn SP 75 Km antÐstoiqa. EÐnai fanerì ìti ta epÐpeda I/N exart¸ntai

�mesa apì thn mègisth tim  kèrdouc thc keraÐac tou dèkth tou DD ìtan eÐnai prosanatolismènoc

proc thn phg  parembol c. O dèkthc tou DD GSO-1 èqei mègisto kèrdoc 55 dBi, en¸ dèkthc

tou DD GSO-2 èqei mègisto kèrdoc 38.5 dBi.

Mia keraÐa me stenì eÔroc dèsmhc (0.3 moÐrec) dèqetai isqurìterh st�jmh parembol , ìtan

to shmeÐo anafor�c parousi�zei mikrèc gwnÐec α, kaj¸c o arijmìc twn SP pou brÐkontai sthn

kÔria dèsmh eÐnai periorismènoc gia meg�lec gwnÐec anÔywshc, kai aux�netai stic qamhlìterec

gwnÐec. Sthn perÐptwsh keraÐac me megalÔtero eÔroc dèsmhc parathreÐtai, mikrìterh st�jmh

parembol c lìgw tou mègistou kèrdouc l yhc, kai stajer  sumperifor� kaj¸c h perioq  twn

SP brÐketai sthn kÔria dèsmh tou dorufìrou akìma kai meg�lec gwnÐec α. Ta epÐpeda I/N

eÐnai sqedìn se ìlec tic peript¸seic mikrìtera apì -20 dB (1 %) kai gia ta dÔo dÐktua anafor�c

GSO-1, GSO-2.
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Sq ma 4.17: Apotelèsmata lìgou I/N gia ton sunduasmì 81 SP HAPS-1, me apìstash diaqwrismoÔ
metaxÔ twn SP 75 Km

178 BasÐlhc F. M lac - Didaktorik  Diatrib 



Kef�laio 4.

4.4.4 Melèth ProsomoÐwshc

Ta apotelèsmata thc jewrhtik c an�lushc the §4.4.3.1 epibebai¸nontai kai apì ta apote-

lèsmata twn prosomoi¸sewn pou pragmatopoi same me thn mèjodo Monte Carlo me tuqaÐa

statistik  metablht  thn troqiak  jèsh tou doruforikoÔ dèkth gia tic dÔo peript¸seic apl c

kai prosjetik c parembol c [19].

Oi prosomoi¸seic gia th sugkekrimènh diadrom  di�doshc parembol c èginan gia thn apl 

perÐptwsh parembol c apì mÐa platfìrma kai thn perÐptwsh parembol c apì perissìterec apì

mia platfìrmec sÔmfwna p�nta me tic paradoqèc pou perigr�fontai stic prohgoÔmenec enìthtec.

Sto Sq ma 4.18 parousi�zontai ta apotelèsmata gia thn pr¸th perÐptwsh gia ìlec tic pijanèc

troqiakèc jèseic enìc gewstatikoÔ dorufìrou sto epÐpedo tou IshmerinoÔ (35 moÐrec Dutik�

e¸c 80 moÐrec Anatolik�) apì tic opoÐec ja mporoÔse na up�rxei axiìpisth zeÔxh me stajmoÔc

sthn Ell�da me el�qisth gwnÐa anÔywshc tic 15 moÐrec. Ta euruzwnik� doruforik� dÐktua

GEO-SV kai GSOV-B1(ii) emfanÐzontai na dèqontai ta megalÔtera epÐpeda parembol c.

Sthn perÐptwsh thc prosjetik c parembol c, èna pl rec SD pou parèqoun k�luyh se

Ell�da kai KÔpro anaptÔqjhke se mia perioq  pou orÐzetai apì tic akìloujec suntetagmènec:

� gewgrafikì m koc an�mesa se 18 moÐrec, 54 pr¸ta Anatolik� kai 33 moÐrec, 30 pr¸ta

Anatolik�

� gewgrafikì pl�toc an�mesa se 34 moÐrec, 41 pr¸ta Bìreia kai 41 moÐrec, 33 pr¸ta

Bìreia

Sto Sq ma 4.19 parousi�zontai ta apotelèsmata thc prosomoÐwshc gia thn prosjetik 

parembol  kai ìpwc sumperaÐnetai ta euruzwnik� dÐktua GEO-SV kai GSOV-B1(ii) dèqontai

epÐpeda parembol¸n pèra apì to epitreptì ìrio. To krit rio parembol¸n kajorÐsthke gia

th apl  kai thn prosjetik  perÐptwsh b�sh tou 10% tou jermikoÔ jorÔbou tou doruforikoÔ

dèkth.
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Sq ma 4.18: Statistik� Puknìthtac Parembol c

Sq ma 4.19: Statistik� Puknìthtac Prosjetik c Parembol c
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4.5 ProstasÐa tou StratosfairikoÔ DiktÔou apì Parembo-

lèc pou ProkaleÐ to Doruforikì DÐktuo

4.5.1 Eisagwg 

H diasf�lish thc omaloÔc sunÔparxhc stajm¸n ed�fouc tou DoruforikoÔ DiktÔou me tic

platfìrmec kai touc epÐgeiouc stajmoÔc tou StratosfairikoÔ DiktÔou eÐnai �mesa exart¸menh

apì thn t rhsh twn teqnik¸n periorism¸n pou èqoun tejeÐ apì thn ITU-R kai aforoÔn thn

isodÔnamh isotropik� aktinoboloÔmenh isqÔ pou ekpèmpetai se k�je kateÔjunsh wc proc ton

orÐzonta apì èna stajmì ed�fouc. Ta ìria aut� èqoun exaqjeÐ prwtÐstwc gia thn prostasÐa

epÐgeiwn stajm¸n kai doruforik¸n dekt¸n diaforetik¸n susthm�twn, ìmwc apoteloÔn anafor�

kai gia thn prostasÐa twn platform¸n kai twn epÐgeiwn stajm¸n tou SD, lamb�nontac upìyh

ta idiaÐtera qarakthristik� tou SD.

Sto �rjro 21 twn Radiokanonism¸n thc ITU-R [31] proteÐnontai ta akìlouja ìria gia thn

isodÔnamh isotropik� aktinoboloÔmenh isqÔ stajmoÔ ed�fouc:

• stic z¸nec suqnot twn metaxÔ 1 GHz kai 15 GHz

1. +40 dBW me eÔroc z¸nhc anafor�c ta 4 KHz gia gwnÐa δ ≤ 0◦

2. +40+3δ dBW me eÔroc z¸nhc anafor�c ta 4 KHz gia gwnÐa 0◦ < δ ≤ 5◦

• stic z¸nec suqnot twn megalÔterec twn 15 GHz

1. +64 dBW me eÔroc z¸nhc anafor�c to 1 MHz gia gwnÐa δ ≤ 0◦

2. +64+3δ dBW me eÔroc z¸nhc anafor�c to 1 MHz gia gwnÐa 0◦ < δ ≤ 5◦

ìpou δ eÐnai h gwnÐa anÔywshc apì ton orÐzonta, ìpwc faÐnetai apì to kèntro thc keraÐac tou

stajmoÔ ed�fouc. Gia gwnÐec δ megalÔterec twn 5◦, den up�rqei periorismìc wc proc tic timèc

isodÔnamhc isotropik� aktinoboloÔmenhc isqÔc apì ènan stajmì ed�fouc.

SÔmfwna me thn anafor� [13], oi keraÐec twn stajm¸n ed�fouc den ja prèpei na qrhsimo-

poioÔntai gia ekpomp  se gwnÐec anÔywshc mikrìterec apì 3◦ p�nw apì to orizìntio epÐpedo.

Me autì ton trìpo apofeÔgontai oi uyhlèc timèc parembol c pou ja mporoÔsan na periorÐsoun
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thn dunatìthta epilog c topojesi¸n kai suqnot twn se epÐgeiouc stajmoÔc tou Stratosfai-

rikoÔ DiktÔou se geitonikèc q¸rec.

4.5.2 Parembol  apì Doruforikì Stajmì Ed�fouc proc EpÐgeio Dèkth
StratosfairikoÔ DiktÔou

Gia th diadrom  di�doshc parembol c B1 (Sq ma 4.1), ìpou oi ekpompèc isqÔoc thc �nw zeÔxhc

(Gh-proc-di�sthma) tou DoruforikoÔ DiktÔou paremb�lloun thn k�tw zeÔxh (stratìsfaira-

proc-Gh) tou StratosfairikoÔ DiktÔou, sumperaÐnetai apì tic up�rqousec melètec [10], [18],

[19], sth qiliostometrik  z¸nh, ìti h NIB5 sunÔparxh twn dÔo diktÔwn eÐnai efikt  mìno ìtan

o doruforikìc stajmìc ed�fouc brÐsketai èxw apì thn perioq  k�luyhc thc stratosfairik c

platfìrmac.

Sto [10] proteÐnontai oi ex c apost�seic diaqwrismoÔ twn stajm¸n ed�fouc tou DD apì

thn perioq  k�luyhc tou SD:

• ta 6.2 Km apì thn astik  perioq  k�luyhc tou SD,

• ta 4.2 Km apì thn proastiak  perioq  k�luyhc tou SD,

• ta 4.2 Km apì thn agrotik  perioq  k�luyhc tou SD.

Sto [19] melet same jewrhtik� thn parembol  apì touc stajmoÔc ed�fouc twn dorufo-

rik¸n susthm�twn GSOV-B1, GEO SV, GEOSAT-X (ìpwc perigr�fontai sthn §4.2.2) proc

touc epÐgeiouc stajmoÔc tou SD, topojethmènoi arqik� se mia apìstash diaqwrismoÔ 3 Km.

Jewr jhke gia thn an�lush h qeirìterh perÐptwsh ìpou h keraÐa tou epÐgeiou stajmoÔ tou

SD eÐnai prosanatolismènh proc thn kÔria dèsmh tou doruforikoÔ stajmoÔ ed�fouc. Apì thn

an�lush sumperaÐnetai ìti me mia apìstash diaqwrismoÔ 10 Km metaxÔ doruforikoÔ stajmoÔ

ed�fouc kai epÐgeiou dèkth SD ikanopoieÐtai to krit rio gia ìlec tic peript¸seic, all� akìma

kai me mia mikr  apìstash diaqwrismoÔ ìpwc eÐnai aut  twn 3 Km faÐnetai pwc to prìblhma en-

topÐzetai sto 25% tou azimoujiakoÔ eÔrouc gwni¸n kai kurÐwc stic astikèc perioqèc (Sq mata

4.20, 4.21).

Apì ta apotelèsmata prokÔptei ìti h èxupnh qr sh thc ek�stote perioq c paroq c uphre-

si¸n, me thn ènnoia thc qrhsimopoÐhshc kat�llhlwn gwni¸n diaqwrismoÔ metaxÔ twn epÐgeiwn
5Non-Interference-Basis, se kajest¸c mh epiblaboÔc parembol c
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Sq ma 4.20: Puknìthta parembol c apì doruforikì stajmì ed�fouc proc epÐgeio dèkth SD
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Sq ma 4.21: Shmatoparembolikìc lìgoc epÐgeiou stajmoÔ SD ìtan paremb�lletai apì stajmì ed�fouc
DD
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stajm¸n twn dÔo susthm�twn, suneisfèrei shmantik� sthn meÐwsh thc st�jmhc thc parembo-

l c.

'Ena deÔtero jèma pou melet jhke afor� sthn axiolìghsh thc epÐdrashc tou an�glufou

tou ed�fouc. Oi metablhtèc pou lamb�nontai upìyh sth melèth eÐnai oi akìloujec:

• Elegqìmenec metablhtèc:

– montèla di�doshc,

∗ sÔmfwna me thn sÔstash ITU-R P.452

– teqnik� qarakthristik� stajm¸n,

∗ gia to SD: sÔmfwna me thn §2.8
∗ gia to DD: sÔmfwna me thn §4.2.2

– epitreptì krit rio parembol c.

∗ I/Nthermal = 10%

• Anex�rthtec metablhtèc:

– an�glufo ed�fouc,

∗ yhfiakìc q�rthc ITU,

∗ sÔgkrish oreinoÔ kai pedinoÔ ed�fouc.

– gewgrafikì m koc dorufìrou,

∗ se ìlo to pijanì eÔroc,

∗ h gwnÐa anÔywshc tou stajmoÔ ed�fouc tou DD sto eÔroc 20◦ e¸c 45◦.

– gwnÐa anÔywshc epÐgeiou stajmoÔ SD.

∗ metablht  an�loga me thn perioq  k�luyhc.

• Exart¸menh metablht :

– st�jmh omodiaulik c parembol c.

Sthn prosomoÐwsh ègine qr sh thc b�shc IDWM-ITU Digitized World Map gia thn gew-

grafik  perioq  thc Ell�dac. H b�sh aut  IDWM epitrèpei thn qr sh dedomènwn apì ton

pagkìsmio q�rth sta montèla di�doshc pou epilègoume gia k�je sen�rio. Autì perilamb�nei
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plhroforÐa ìpwc h apìstash apì thn akt , to posostì thc diadrom c di�doshc p�nw apì epi-

f�neia me nerì, klimatik� dedomèna ka. EpÐshc sth prosomoÐwsh qrhsimopoi jhkan pragmatik�

stoiqeÐa tou an�glufou tou ed�fouc pou sthrÐzontai sthn b�sh gewmorfologik¸n dedomènwn

thc Gewlogik c UphresÐac twn Hnwmènwn Politei¸n. H b�sh aut  kalÔptei ìlh thn epif�-

neia thc ghc me an�lush plègmatoc suntetagmènwn tou q�rth thc t�xhc twn 30 arc seconds,

(GTOPO30).

Ta apotelèsmata thc an�lushc apeikonÐzontai sto Sq ma 4.22 (epÐpedo èdafoc) kai sto

Sq ma 4.23 (oreinì èdafoc). O stajmìc ed�fouc tou DD kai o epÐgeioc stajmìc tou SD eÐnai

gewgrafik� apomakrusmènoi se apìstash 12 Km. Oi sugkentrwtikèc sunart seic katano-

m c thc pijanìthtac parembol c ex�gontai akolouj¸ntac tuqaÐa katanom  tou gewgrafikoÔ

m kouc tou dorufìrou kai tuqaÐec jèseic tou epÐgeiou stajmoÔ tou DD.

H gwnÐa anÔywshc tou epÐgeiou stajmoÔ tou SD lamb�nei timèc apì 51◦ e¸c 65◦ (urban),

19◦ e¸c 23◦ (suburban), 10◦ e¸c 11◦ (rural), gia thn pr¸th perÐptwsh. Sthn perÐptwsh thc

prosomoÐwshc se oreinì èdafoc, h gwnÐa anÔywshc tou epÐgeiou stajmoÔ tou SD lamb�nei

timèc apì 48◦ e¸c 50◦ (urban), 17◦ e¸c 22◦ (suburban), 12◦ e¸c 14◦ (rural). Oi timèc pou

lamb�nei h gwnÐa anÔywshc tou stajmoÔ ed�fouc tou DD sthn prosomoÐwsh eÐnai sto eÔroc

20◦ e¸c 45◦ kai apeikonÐzontai sto Sq ma 4.24.

Gia thn perÐptwsh tou epÐpedou ed�fouc (Sq ma 4.22), prokÔptei ìti o epÐgeioc dèkthc tou

SD dèqetai thn isqurìterh makroprìjesmh (20%) parembol  thc t�xhc twn -164.5 dB(W/MHz)

ìtan leitourgeÐ me gwnÐec anÔywshc proastiak c perioq c. 'Otan leitourgeÐ me gwnÐec anÔyw-

shc astik c, kai agrotik c perioq c dèqetai makroprìjesmh parembol  thc t�xhc twn -167.7

dB(W/MHz), kai -167 dB(W/MHz) antÐstoiqa. Gia thn perÐptwsh tou oreinoÔ ed�fouc (Sq -

ma 4.23), prokÔptei ìti o epÐgeioc dèkthc tou SD dèqetai thn isqurìterh makroprìjesmh (20%)

parembol  thc t�xhc twn -184 dB(W/MHz) ìtan leitourgeÐ me gwnÐec anÔywshc proastiak c

perioq c. 'Otan leitourgeÐ me gwnÐec anÔywshc astik c, kai agrotik c perioq c dèqetai makro-

prìjesmh parembol  thc t�xhc twn -194.4 dB(W/MHz), kai -196.6 dB(W/MHz) antÐstoiqa.

Apì ta apotelèsmata prokÔptei shmantik  diafor� sth st�jmh parembol c pou dèqetai o

epÐgeioc dèkthc tou SD apì stajmoÔc ed�fouc tou DD, metaxÔ epÐpedhc kai orein c morfolo-

gÐac ed�fouc. Ja prèpei na shmeiwjeÐ ìti gia thn sugkekrimènh diadrom  di�doshc parembol c,

h egkat�stash twn epÐgeiwn stajm¸n tou SD se perioqèc pou ekmetalleÔontai thn gewmor-

fologik  topik  jwr�kish apì boun�, dèntra, ktÐria k.a, mporeÐ na aux sei shmantik� thn

pijanìthta qr shc koinoÔ f�smatoc metaxÔ twn dÔo uphresi¸n.

BasÐlhc F. M lac - Didaktorik  Diatrib  185



Kef�laio 4.

urban.Forward.I suburban.Forward.I rural.Forward.I
P

ro
ba

bi
lit

y 
(%

)

Interference (dB(W/MHz))

0

20

40

60

80

100

-135.4-140.8-146.2-151.5-156.9-162.3-167.7-173.1-178.5-183.8-189.2-194.6-200.0 -130.0

Sq ma 4.22: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c apì stajmì ed�fouc tou
DD proc epÐgeio dèkth SD se epÐpedo èdafoc

urban.Forward.I suburban.Forward.I rural.Forward.I

P
ro

ba
bi

lit
y 

(%
)

Interference (dB(W/MHz))

0

20

40

60

80

100

-145-150-155-160-165-170-175-180-185-190-195-200 -140

Sq ma 4.23: Sugkentrwtik  sun�rthsh katanom c pijanìthtac parembol c apì stajmì ed�fouc tou
DD proc epÐgeio dèkth SD se oreinì èdafoc

186 BasÐlhc F. M lac - Didaktorik  Diatrib 



Kef�laio 4.

Current Azelr[Elevation]

E
/S

 e
le

va
tio

n 
an

gl
e(

 d
eg

 )

Relative simulation time (s)

17

24

31

38

45

-1
00

0

-2
00

0

-3
00

0

-4
00

0

-5
00

0

-6
00

0 0

Sq ma 4.24: Timèc pou lamb�nei h gwnÐa anÔywshc tou stajmoÔ ed�fouc tou DD sthn prosomoÐwsh

4.5.3 Parembol  apì Doruforikì Stajmì Ed�fouc proc Stratosfairik 
Platfìrma

Gia th diadrom  di�doshc parembol c B2, ìpou oi ekpompèc isqÔoc thc �nw zeÔxhc (Gh-proc-

di�sthma) tou DoruforikoÔ DiktÔou paremb�lloun thn �nw zeÔxh (Gh-proc-stratìsfaira)

tou StratosfairikoÔ DiktÔou, eÐnai eparkèc na kajoristeÐ mia apìstash diaqwrismoÔ metaxÔ

twn epÐgeiwn stajm¸n. H an�lush gia aut  th diadrom  di�doshc parembol c basÐzetai sthn

upìjesh ìti eÐnai dÔskolo na anaptuqjeÐ stajmìc ed�fouc DD mèsa sthn perioq  k�luyhc

tou SD.

Sthn sÔstash ITU-R SF.1481 [10] proteÐnontai oi akìloujec apost�seic diaqwrismoÔ tou

stajmoÔ ed�fouc tou DD apì thn perioq  k�luyhc tou SD

• 9.6 Km gia thn perÐptwsh pou h aktÐna k�luyhc thc stratosfairik c platfìrmac ekteÐ-

netai mèqri to ìrio thc astik c perioq c k�luyhc.

• 15.5 Km gia thn perÐptwsh pou h aktÐna k�luyhc thc stratosfairik c platfìrmac ekteÐ-

netai mèqri to ìrio thc proastiak c perioq c k�luyhc.

• 4.2 Km gia thn perÐptwsh pou h aktÐna k�luyhc thc stratosfairik c platfìrmac ekteÐ-

netai mèqri to ìrio thc agrotik c perioq c k�luyhc.

BasÐlhc F. M lac - Didaktorik  Diatrib  187



Kef�laio 4.

4.6 Sumper�smata

Sto parìn kef�laio melet jhke to perib�llon parembol¸n metaxÔ enìc DoruforikoÔ kai enìc

StratosfairikoÔ DiktÔou, ìtan leitourgoÔn sthn Ðdia gewgrafik  perioq  kai stic suqnìthtec

twn 48/47 GHz. Ja prèpei na shmeiwjeÐ ìti ta sumper�smata, thc paroÔsac melèthc, apoteloÔn

odhgì kai gia qamhlìterec z¸nec suqnot twn, lamb�nontac upìyh thn diaforetik  exasjènhsh,

kai ta teqnik� qarakthristik� twn dÔo diktÔwn stic suqnìthtec autèc.

H an�ptuxh twn Doruforik¸n DiktÔwn sthn V z¸nh suqnot twn (50/40 GHz) diafaÐnetai

apì to gegonìc ìti ta teleutaÐa 7 qrìnia perissìterec apì 200 anajèseic DD èqoun pragma-

topoihjeÐ apì thn Diejn  'Enwsh Thlepikoinwni¸n me �nw zeÔxh sta 47-50.2 GHz kai k�tw

zeÔxh sta 37.5-42.5 GHz. H t�sh aut  thc an�ptuxhc twn DD upogrammÐzei thn prosoq  pou

ja prèpei na dojeÐ ¸ste na exasfalistoÔn oi bèltistec sunj kec gia thn armonik  sunÔparxh

me ta Stratosfairik� DÐktua pou prìkeitai na qrhsimopoi soun tic Ðdiec z¸nec suqnot twn.

Melet jhkan ta idiaÐtera qarakthristik� twn DD pou diaforopoioÔntai sthn V z¸nh kai ta te-

qnik� qarakthristik� tupik¸n doruforik¸n susthm�twn (ITU-R) pou qrhsimopoi jhkan sthn

melèth wc sust mata anafor�c.

Prot�jhke mia nèa diadikasÐa gia thn ektÐmhsh twn parembol¸n pou prokaloÔntai apì tic

ekpompèc isqÔoc thc �nw zeÔxhc tou SD proc touc gewstatikoÔc doruforikoÔc dèktec, me thn

basik  je¸rhsh ìti ta dÔo dÐktua leitourgoÔn sthn Ðdia perioq  k�luyhc (H Diejn c 'Enwsh

Thlepikoinwni¸n jewreÐ e¸c s mera ìti o kÔrioc �xonac skìpeushc tou dorufìrou kai h perioq 

k�luyhc tou SD prèpei na diaqwrÐzontai gewgrafik�). Me b�sh to montèlo autì exet�sthkan

ta isqÔonta (kajorismèna apì thn ITU-R) qarakthristik� ekpomp c twn epÐgeiwn stajm¸n

tou SD. Prot�jhkan nèa ìria isqÔoc gia thn perÐptwsh koin c an�ptuxhc twn dÔo diktÔwn se

gewgrafikì pl�toc 75◦. EpÐshc melet jhke h diadrom  di�doshc parembol c A2 pou afor�

tic parembolèc pou prokaloÔntai apì tic ekpompèc isqÔoc thc k�tw zeÔxhc (stratìsfaira-

proc-Gh) tou SD proc touc gewstatikoÔc doruforikoÔc dèktec. Tèloc parousi�sthkan ta

apotelèsmata thc dik c mac melèthc kai thc melèthc thc ITU-R pou afor� sthn prostasÐa tou

SD apì parembolèc pou prokaleÐ to DD.

H sunÔparxh twn Stratosfairik¸n kai Doruforik¸n DiktÔwn stic Ðdiec z¸nec suqnot twn

kai gewgrafikèc perioqèc, me thn uiojèthsh twn nèwn krithrÐwn pou ex qjhsan me tic protei-

nìmenec mejìdouc pou parousi�sthkan sto parìn Kef�laio, eÐnai pijan  kai eÐnai sqetik� pio

eÔkolh apì aut  metaxÔ twn EpÐgeiwn kai Stratosfairik¸n DiktÔwn (Kef�laio 3).
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Kef�laio 5

Genik� Sumper�smata kai

Mellontik� Jèmata

5.1 KainotomÐec

H paroÔsa didaktorik  diatrib  epikentr¸jhke sth melèth twn diktÔwn me th qr sh strato-

sfairik¸n platform¸n gia paroq  stajer¸n epikoinwni¸n eureÐac z¸nhc sth qiliostometrik 

z¸nh suqnot twn me èmfash sthn pijan  an�ptuxh touc sthn gewgrafik  perioq  thc El-

l�dac. Melet jhke to perib�llon parembol¸n pou dhmiourgeÐtai metaxÔ twn Stratosfairi-

k¸n DiktÔwn kai twn  dh up�rqontwn EpÐgeiwn kai Doruforik¸n DiktÔwn ta opoÐa èqoun

prwteÔousa an�jesh leitourgÐac apì thn Diejn  'Enwsh Thlepikoinwni¸n stic uyhlèc autèc

suqnìthtec. Oi mèjodoi suntonismoÔ pou proteÐnontai kai ta krit ria sunÔparxhc pou anaptÔ-

qjhkan, apoteloÔn anafor� kai gia qamhlìterec z¸nec suqnot twn lamb�nontac upìyh touc

diaforetikoÔc mhqanismoÔc di�doshc kai ta diaforetik� teqnik� kai leitourgik� qarakthristik�

twn tri¸n diktÔwn kat� perÐptwsh.

Me thn uiojèthsh twn proteinìmenwn mejìdwn kai krithrÐwn, exasfalÐzontai apodotikì-

terec sunj kec sunÔparxhc (mikrìterec apost�seic diaqwrismoÔ metaxÔ twn gewgrafik¸n pe-

rioq¸n k�luyhc tou SD kai tou ED, mikrìterec apost�seic suntonismoÔ metaxÔ stajm¸n tou

ED kai tou shmeÐou nadÐr thc stratosfairik c platfìrmac, dunatìthta leitourgÐac tou SD

kai tou DD sthn Ðdia perioq  k�luyhc ka.) metaxÔ twn upì melèth diktÔwn, apì autèc pou

exasfalÐzontai me tic up�rqousec mejìdouc sth diejn  bibliografÐa.
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Ta porÐsmata thc diatrib c pou pro�goun thn gn¸sh kai thn epist mh, sunoyÐzontai sta

ex c:

• Qarakthrismìc thc epÐdrashc thc kÐnhshc thc stratosfairik c platfìrmac sthn st�jmh

omodiaulik c parembol c pou prokaleÐtai se dèkth EpÐgeiou DiktÔou.

• EÔresh bèltistou montèlou kÐnhshc thc stratosfairik c platfìrmac wc sun�rthsh thc

prokaloÔmenhc st�jmhc parembol c.

• An�ptuxh nèac mejìdou suntonismoÔ gia tic parembolèc pou prokaloÔntai apì tic ek-

pompèc isqÔoc thc k�tw zeÔxhc (stratìsfaira-proc-Gh) twn SD proc touc dèktec tou

ED.

• Exagwg  realistik¸n apost�sewn diaqwrismoÔ metaxÔ thc perioq c k�luyhc tou SD kai

thc perioq c leitourgÐac tou ED.

• Efarmog  nèou montèlou ektÐmhshc thc ajroistik c parembol c pou prokaleÐtai apì touc

epÐgeiouc stajmoÔc tou SD proc stajmì tou ED.

• EÔresh apost�sewn suntonismoÔ metaxÔ epÐgeiou dèkth kai tou shmeÐou nadÐr thc stra-

tosfairik c platfìrmac gia thn astik  perioq .

• DiereÔnhsh pijanìthtac sunÔparxhc twn stajm¸n tou ED kai twn stajm¸n tou SD,

sthn perÐptwsh pou oi pr¸toi anaptÔssontai se tuqaÐec jèseic mèsa sthn proastiak 

perioq , kai mèsa sthn agrotik  perioq  k�luyhc tou SD.

• An�ptuxh nèou mhqanismoÔ ektÐmhshc thc parembol c pou dèqetai ènac gewstatikìc do-

ruforikìc dèkthc apì polloÔc epÐgeiouc stajmoÔc SD, ìtan ta dÔo dÐktua leitourgoÔn

sthn Ðdia perioq  k�luyhc

• EÔresh nèwn orÐwn isqÔoc ekpomp c twn epÐgeiwn stajm¸n tou SD me skopì thn pro-

stasÐa tou DD.

• An�ptuxh krithrÐwn sunÔparxhc gia ìlec tic diadromèc di�doshc parembol c pou dhmiour-

goÔntai metaxÔ enìc SD kai enìc ED.

• An�ptuxh krithrÐwn sunÔparxhc gia ìlec tic diadromèc di�doshc parembol c pou dhmiour-

goÔntai metaxÔ enìc SD kai enìc DD.
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5.2 Prot�seic Epèktashc

Ta jèmata pou exet�sthkan sthn paroÔsa didaktorik  diatrib  mporoÔn na epektajoÔn ¸ste

na apotelèsoun antikeÐmeno mellontik c èreunac.

Pio sugkekrimèna, oi mèjodoi suntonismoÔ pou anaptÔqjhkan sto Kef�laio 3 ja mporoÔsan

na epektajoÔn kai na melethjoÔn gia ekeÐnec tic peript¸seic ìpou h an�ptuxh enìc Strato-

sfairikoÔ DiktÔou eÐnai se kontin  apìstash me mia �llh q¸ra kai ephre�zei thn leitourgÐa

twn EpÐgeiwn DiktÔwn thc deÔterhc q¸rac.

H an�lush twn KefalaÐwn 3 kai 4, mporeÐ na epektajeÐ gia thn diereÔnhsh thc pijanìthtac

qrhsimopoÐhshc k�poiac qamhlìterhc z¸nhc suqnot twn gia paroq  stajer¸n euruzwnik¸n

uphresi¸n apì to Stratosfairikì DÐktuo. Sugkekrimèna ja mporoÔse na melethjeÐ to f�sma

radiosuqnot twn metaxÔ 3 kai 18 GHz [1] ìpou kat� kÔrio lìgo leitourgoÔn epÐgeia sust mata.

EpÐshc ja  tan endiafèron na diereunhjoÔn oi sunj kec sunÔparxhc sthn perioq  thc Ell�dac

enìc StratosfairikoÔ DiktÔou kai tou gewstatikoÔ DoruforikoÔ DiktÔou HELLAS-SAT, to

opoÐo brÐsketai se troqi� stic 39◦ Anatolik� kai parèqei uphresÐec sthn z¸nh suqnot twn

14/11 GHz [2].

H mejodologÐa qarakthrismoÔ thc epÐdrashc thc kÐnhshc thc stratosfairik c platfìrmac

sthn st�jmh omodiaulik c parembol c pou prokaleÐtai se dèkth EpÐgeiou DiktÔou, pou parou-

si�sthke sto Kef�laio 3, ja mporoÔse na epektajeÐ kai na sumperil�bei pijan� nèa montèla

kÐnhshc pou ja parousiastoÔn sth diejn  bibliografÐa.

Tèloc, shmantik� jèmata èreunac apoteloÔn h eÔresh montèlou gia thn perigraf  twn mh-

qanism¸n di�doshc metaxÔ stratosfairik c platfìrmac kai epÐgeiou stajmoÔ tou SD, kai h

melèth twn mhqanism¸n epikoinwnÐac metaxÔ dÔo   kai perissìterwn stratosfairik¸n platfor-

m¸n. Ja  tan endiafèron na lhfjoÔn upìyh ta apotelèsmata thc èreunac aut c stic mejìdouc

pou proteÐnontai sthn paroÔsa diatrib .
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Par�rthma Aþ

Perioqèc An�jeshc Suqnot twn

ITU-R

H Diejn c 'Enwsh Thlepikoinwni¸n (Tomèac Radioepikoinwni¸n), ITU-R ekqwreÐ suqnìthtec

gia k�je thlepikoinwniak  uphresÐa, tìso se pagkìsmia ìso kai se topik  b�sh. Apì thn �llh

pleur� se k�je kr�toc leitourgeÐ sugkekrimènh uphresÐa pou ekqwreÐ suqnìthtec gia ejnik 

qr sh, merimn¸ntac ¸ste oi radioekpompèc na mhn parenoqloÔn �llec up�rqousec ejnikèc

  diejneÐc radioepikoinwnÐec. Gia th dieukìlunsh thc ekq¸rhshc suqnot twn o kìsmoc èqei

diairejeÐ se treic perioqèc (regions), ìpwc faÐnetai sto Sq ma Aþ.1.

Oi Perioqèc diaqwrÐzontai wc ex c:

� Perioq  1: Eur¸ph, Afrik , Mèsh Anatol  kai oi q¸rec thc pr¸hn Sobietik c 'Enwshc.

Pio sugkekrimèna, h perioq  1 oriojeteÐtai anatolik� apì th gramm  A kai dutik� apì

th gramm  B, exair¸ntac to komm�ti thc Islamik c DhmokratÐac tou Ir�k pou brÐsketai

an�mesa stic duo autèc grammèc. Perilamb�nei akìma thn ArmenÐa, to Azermpaðtz�n, th

GewrgÐa, to Kazakst�n, th MoggolÐa, to Ouzmpekist�n, to Kurgkikst�n, th Rwsik 

OmospondÐa, to Tatzikist�n, to Tourkmenist�n, thn TourkÐa kai thn OukranÐa, kaj¸c

kai thn edafik  èktash bìreia thc RwsÐac pou brÐsketai metaxÔ twn zwn¸n A kai C.

� Perioq  2: Amerik . H perioq  aut  oriojeteÐtai anatolik� apì th gramm  B kai dutik�

apì th gramm  C.

� Perioq  3: Upìloipo AsÐac pou den perilamb�netai sthn perioq  1 kai WkeanÐa. H
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Sq ma Aþ.1: Perioqèc Ekq¸rhshc Suqnot twn DiejnoÔc 'Enwshc Thlepikoinwni¸n

perioq  aut  oriojeteÐtai anatolik� apì th gramm  C kai dutik� apì th gramm  A.

K�je z¸nh suqnot twn eÐnai dunatì eÐte na ekqwreÐtai apokleistik� se mia uphresÐa eÐte na

th moir�zontai apì koinoÔ perissìterec. Oi ekqwr seic diakrÐnontai se ekqwr seic prwteÔou-

sac kai deutereÔousac proteraiìthtac. Sthn perÐptwsh thc apì koinoÔ qr shc miac z¸nhc

suqnot twn apì mia prwteÔousa kai mia deutereÔousa uphresÐa, h deutereÔousa upoqreoÔtai

na mhn prokaleÐ parembolèc sthn prwteÔousa. Wstìso ìtan kai oi duo uphresÐec pou moi-

r�zontai to f�sma eÐnai prwteÔousac   deutereÔousac proteraiìthtac, tìte prèpei na lhfjeÐ

mèrimna apì touc qr stec prokeimènou na mhn leitourgeÐ to èna sÔsthma eic b�roc tou �llou.

Sthn pr�xh parathreÐtai k�poiec forèc (p.q. se epeÐgousec katast�seic) to fainìmeno thc

mh t rhshc thc ekq¸rhshc suqnìthtac pou èqei orÐsei h ITU-R, ìpou kat� parèkklish kai

met� apì aÐthsh thc sugkekrimènhc q¸rac eÐnai dunatì na qrhsimopoihjeÐ k�poio �llo eÔroc

suqnot twn gia mia dedomènh uphresÐa. H uphresÐa aut  upoqreoÔtai na mhn prokaleÐ parem-

bolèc all� kai na mhn diekdikeÐ prostasÐa apì parembolèc pou proèrqontai apì stajmoÔc pou

leitourgoÔn sÔmfwna me touc kanonismoÔc kai tic sust�seic thc ènwshc.

Qarakthristikì par�deigma apoteleÐ h diadikasÐa egkat�stashc kai efarmog c k�je nèac

doruforik c thlepikoinwniak c zeÔxhc, h opoÐa perilamb�nei thn ektèlesh miac seir�c pl rwc

kajorismènwn energei¸n. Arqik� prèpei na epilegeÐ mia apì tic ekqwrhmènec z¸nec suqnot twn

thc ITU-R sÔmfwna me leitourgik� kai oikonomik� krit ria kai na gÐnei ekten c melèth twn
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parembol¸n pou ja prokaleÐ to upì exètash sÔsthma sta  dh up�rqonta, se ejnikì epÐpedo.

H ITU-R enhmer¸netai gia ta stoiqeÐa thc sqediazìmenhc doruforik c uphresÐac kai ta gnw-

stopoieÐ se ìla ta mèlh thc. To proteinìmeno sÔsthma analamb�nei na epilÔsei ta en dun�mei

probl mata me touc parìntec qr stec thc Ðdiac suqnìthtac. Efìson up�rxei sumfwnÐa apì

ìla ta emplekìmena mèrh, h ITU-R kataqwreÐ th nèa uphresÐa sta arqeÐa thc kai h leitourgÐa

xekin�. Gia k�je mellontik  allag  oi uphresÐec ofeÐloun na enhmer¸noun thn ITU-R, opìte

kai epanalamb�netai h Ðdia seir� energei¸n.

BibliografÐa

[1] “Frequency Allocations,” ITU-R Regulations Article 5
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Omodiaulik  Parembol  apì

Stratosfairik  Platfìrma pou

leitourgeÐ san Stajmìc B�shc

IMT-2000

SÔmfwna me thn Diejn  'Enwsh Thlepikoinwni¸n [1] oi stratosfairikèc platfìrmec mporoÔn

na prosfèroun èna nèo trìpo paroq c uphresi¸n IMT-2000 (International Mobile Telecommu-

nications) me el�qisth upodom  diktÔou, ikanì na exasfalÐsei meg�lh perioq  k�luyhc uyhl c

puknìthtac. Oi z¸nec suqnot twn pou èqoun anatejeÐ gia aut  thn uphresÐa eÐnai oi akìloujec

• 1885-1980 MHz, 2010-2025 MHz kai 2110-2170 MHz stic perioqèc 1 kai 3

• 1885-1980 MHz kai 2110-2160 MHz sthn perioq  2

H leitourgÐa twn HAPS san stajm¸n b�shc IMT-2000 den èqei proteraiìthta ènanti twn

 dh up�rqontwn uphresi¸n. 'Etsi up�rqei sun-prwtarqik  leitourgÐa stic z¸nec 1885-2025

MHz kai 2110-2200 MHz oi opoÐec èqoun anatejeÐ gia thn uphresÐa IMT-2000 pagkosmÐwc kai

idiaÐtera stic z¸nec 1980-2010 MHz kai 2170-2200 MHz pou eÐnai gia ta epÐgeia kai doruforik�

mèrh tou IMT-2000. Epiprìsjeta sto parap�nw f�sma mporoÔn na leitourgoÔn oi stajerèc

(Fixed Service) kai kinhtèc (Mobile Service) uphresÐec se sun-prwtarqik  b�sh. Genik� ìtan
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ena HAPS leitourgeÐ san stajmìc b�shc IMT-2000 den prèpei na ekpèmpei èxw apì thn z¸nh

suqnot twn 2110-2170 MHz gia tic perioqèc 1 kai 3, kai 2110-2160 MHz gia thn perioq  2.

Up�rqousec melètec parembol¸n kai suntonismoÔ suqnot twn sthn diejn  bibliografÐa

[2, 3, 4, 1] esti�zoun sth qr sh twn HAPS san stajm¸n b�shc IMT-2000 enswmatwmènouc

sto epÐgeio dÐktuo kinht c thlefwnÐac 3hc geni�c. H Diejn c 'Enwsh Thlepikoinwni¸n èqei

melet sei to jèma thc sunÔparxhc metaxÔ susthm�twn pou qrhsimopoioÔn stratosfairikèc

platfìrmec kai k�poiwn susthm�twn pou brÐskontai  dh se leitourgÐa ìpwc eÐnai ta PCS

(personal communications system), MMDS (multichannel multipoint distribution system) kai

sust mata paroq c stajer¸n uphresi¸n pou leitourgoÔn stic z¸nec suqnot twn 1885-2025

MHz kai 2110-2200 MHz.

Sthn sÔstash ITU-R Rec M.1456 [2] proteÐnontai ta ìria omodiaulik c fasmatik c puk-

nìthtac isqÔoc stic ekpompèc twn HAPS sta sÔnora miac q¸rac, ta ektìc z¸nhc ìria omo-

diaulik c fasmatik c puknìthtac isqÔoc stic ekpompèc twn HAPS proc thn epif�neia thc ghc,

kaj¸c kai ta leitourgik� qarakthristik� all� kai oi el�qistec apait seic apìdoshc gia su-

st mata HAPS IMT-2000 ¸ste na prostateÔontai ta epÐgeia sust mata kinht c thlefwnÐac

kai oi stajeroÐ stajmoÐ pou leitourgoÔn se geitonikèc suqnìthtec.

Sto [1] proteÐnontai

1. ta krit ria prostasÐac twn kinht¸n stajm¸n IMT-2000 geitonik¸n qwr¸n apì omo-

diaulik  parembol  pou tuqìn prokaleÐ o stratosfairikìc stajmìc b�shc. Endeikti-

k� h omodiaulik  puknìthta ro c isqÔoc (pfd) enìc HAPS IMT-2000 stajmoÔ b�shc

den ja prèpei na xepern�ei sthn epif�neia thc Ghc, èxw apì ta sÔnora miac q¸rac ta

−117dB(W/m2 ·MHz).

2. ProteÐnontai epÐshc ta akìlouja ìria puknìthtac ro c isqÔoc gia thn prostasÐa twn

stajm¸n MMDS pou leitourgoÔn sthn z¸nh suqnot twn 2150-2160 MHz.

• −127dB(W/m2 ·MHz) gia gwnÐec j<7 moÐrec p�nw apì ton orÐzonta,

• −127 + 0.666(θ − 7)dB(W/m2 · MHz) gia 7 moÐrec<j<22 moÐrec p�nw apì ton

orÐzonta,

• −117dB(W/m2 ·MHz) gia 22 moÐrec<j<90 moÐrec p�nw apì ton orÐzonta,

3. Gia thn prostasÐa twn kinht¸n stajm¸n ed�fouc tou doruforikoÔ IMT-2000 (S-UMTS),

h puknìthta ro c isqÔoc ektìc z¸nhc (out-of-band) twn HAPS IMT-2000 stajm¸n b�shc
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den ja prèpei na xepern�ei ta −165dB(W/m2 · 4KHz) sthn epif�neia thc ghc sta 2160-

2200 MHz,

4. en¸ gia thn prostasÐa thc stajer c uphresÐac (Fixed Service) h puknìthta ro c isqÔoc

ektìc z¸nhc (out-of-band) sthn epif�neia thc ghc sta 2025-2110 MHz ja prèpei na eÐnai:

• −165dB(W/m2 ·MHz) gia gwnÐec j<5 moÐrec p�nw apì ton orÐzonta,

• −165 + 1.75(θ − 5)dB(W/m2 ·MHz) gia gwnÐec 5 moÐrec<j<25 moÐrec p�nw apì

ton orÐzonta,

• −130dB(W/m2 ·MHz) gia 25 moÐrec<j<90 moÐrec p�nw apì ton orÐzonta,

H omodiaulik  parembol  metaxÔ susthm�twn IMT-2000 me qr sh stratosfairik¸n plat-

form¸n, epÐgeiwn susthm�twn IMT-2000 kai Stajer¸n Uphresi¸n (Fixed Service) eÐnai pe-

rissìtero pijan  na sumbeÐ sto ìrio metaxÔ twn dÔo perioq¸n k�luyhc. Sthn anafor� [2]

perigr�fetai mia proseggistik  mejodologÐa gia ton upologismì thc apaitoÔmenhc apìstashc

suntonismoÔ metaxÔ stajmoÔ b�shc HAPS kai paremballìmenou kinhtoÔ stajmoÔ kaj¸c kai

metaxÔ stajmoÔ b�shc HAPS kai paremballìmenou stajeroÔ (shmeÐou-proc-shmeÐo) stajmoÔ.

Endeiktik� sto Sq ma Bþ.1 faÐnetai h apìstash suntonismoÔ kai h sÔgkrish me thn pro-

seggistik  mèjodo h opoÐa parousi�zetai akrib c gia mikrèc aktÐnec k�luyhc (e¸c 60 Km).

To epitreptì krit rio parembol c I/Nthermal = - 10 dB qrhsimopoieÐtai gia paremballìmena

kinht�, paremballìmenouc stajmoÔc b�shc kai stajeroÔc stajmoÔc anex�rthta apì to sq ma

prìsbashc pou qrhsimopoioÔn.

Sthn sÔstash ITU-R Rec M.1641 [5] kai sto �rjro [4] proteÐnetai mia mejodologÐa gia ton

upologismì thc omodiaulik c parembol c kai thc apìstashc diaqwrismoÔ metaxÔ HAPS pou

leitourgeÐ san stajmìc b�shc paroq c uphresi¸n IMT-2000 kai epÐgeiou kuyelwtoÔ sust ma-

toc paroq c IMT-2000 uphresi¸n.

To montèlo parembol c proc kuyelwtì kinhtì stajmì apì epÐgeiouc kai stratosfairikoÔc

stajmoÔc b�shc jewreÐ ìti o paremballìmenoc stajmìc brÐsketai sto kontinìtero shmeÐo thc

perioq c k�luyhc tou HAPS kai sto ìrio thc k�luyhc tou kuyelwtoÔ sust matoc. Se aut 

thn perÐptwsh h endokuyelik  parembol  eÐnai amelhtèa.

H omodiaulik  parembol  pou lamb�nei o kinhtìc stajmìc mporeÐ na upologisteÐ apì thn

sqèsh:
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..
Sq ma Bþ.1: Apìstash SuntonismoÔ sunart sei azimoujÐou kai gwnÐac k�luyhc (HAPS me qr sh
IMT-2000 CDMA - Stajer  UphresÐa)

I = ICellular + IHAPS =
αiSiMili

3

N∑

n=1

cind−4
in

[
1 + K

chnd−2
hn

cind−4
in

10
G(ϕhn)

10

]
(Bþ.0.1)

ìpou

ai: voice activity factor sto kuyelwtì sÔsthma

Si: IsqÔc �nw zeÔxhc gia ton qr sth sthn �krh thc kuyèlhc (W)

Mi: arijmìc qrhst¸n an� kuyèlh

li: ap¸leiec kuyelwtoÔ sust matoc

cin: arijmìc kuyel¸n pou paremb�lloun sto kuyelwtì sÔsthma (= 2n + 1)
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chn: arijmìc desm¸n pou paremb�lloun sto stajmì b�shc HAPS (= 2n - 1)

N : arijmìc tier

din: apìstash metaxÔ kuyelwtoÔ kinhtoÔ stajmoÔ kai epÐgeiwn stajm¸n b�shc

(km)

dhn: apìstash metaxÔ kuyelwtoÔ kinhtoÔ stajmoÔ kai stajm¸n b�shc HAPS

(km)

hn: gwnÐa metaxÔ kuyelwtoÔ kinhtoÔ stajmoÔ kai thc kateÔjunshc thc dèsmhc

thc kuyèlhc pou exuphreteÐ o stajmìc b�shc HAPS

K:
(
= 3αhShMh lh

αiSiMili

)

h: voice activity factor sto HAPS sÔsthma

Mh: arijmìc HAPS qrhst¸n an� kuyèlh

Sh: IsqÔc �nw zeÔxhc HAPS (W)

lh: ap¸leiec zeÔxhc HAPS IMT-2000

O shmatoparembolikìc lìgoc gia kinhtì kuyelwtì stajmì dÐnetai apì th sqèsh:

C/I =
PF (rj) × li × R−4

i

I
(Bþ.0.2)

ìpou

PF (rj): ekpempìmenh isqÔc dosmènh gia zeÔxh qr sth se apìstash rj

rj : apìstash metaxÔ kuyelwtoÔ stajmoÔ b�shc kai tou j − th qr sth

Ri: aktÐna kuyèlhc (km)
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O apaitoÔmenoc shmatoparembolikìc lìgoc gia kuyelwtì CDMA sÔsthma o opoÐoc ka-

jorÐzei kai thn apìstash diaqwrismoÔ metaxÔ tou diagr�mmatoc k�luyhc tou HAPS kai tou

diagr�mmatoc k�luyhc thc kontinìterhc kuyèlhc pou exuphreteÐ ton paremballìmeno kinhtì

stajmì dÐnetai apì thn parak�tw sqèsh:

(C/I)req =
(

Eb

I0

) (
Rb

Bc

)
(Bþ.0.3)

Endeiktik� k�poia apì ta apotelèsmata thc an�lushc deÐqnoun ìti oi timèc tou lìgou

C/I gia kinoÔmeno stajmì eÐnai k�tw apì to ìrio twn -17.4 dB sto shmeÐo epaf c twn dÔo

susthm�twn. Gia isqÔ ekpomp c tou HAPS an� qr sth ta 100 mW kai aktÐna kuyèlhc ta 2

Km, oi aparaÐthtec apost�seic diaqwrismoÔ metaxÔ twn dÔo susthm�twn eÐnai: 1.1, 1.6, 14

kai 31.1 Km gia arijmì HAPS qrhst¸n an� kuyèlh 50, 100, 500 kai 1 000 antÐstoiqa. Gia

arijmì qrhst¸n HAPS an� kuyèlh 500 kai aktÐna kuyèlhc ta 2 Km, oi aparaÐthtec apost�seic

diaqwrismoÔ metaxÔ twn dÔo susthm�twn eÐnai: 3.2, 14.2 kai 23.5 Km gia isqÔ ekpomp c an�

qr sth ta 50, 100, kai 150 mW antÐstoiqa. Gia arijmì qrhst¸n HAPS an� kuyèlh 500 kai

isqÔ ekpomp c ta 100 mW, oi aparaÐthtec apost�seic diaqwrismoÔ metaxÔ twn dÔo susthm�twn

eÐnai: 14 kai 80 Km gia aktÐnec HAPS kuyel¸n sta 2 kai 1 Km antÐstoiqa.
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Logismikì ProsomoÐwshc

Parembol¸n

Oi prosomoi¸seic parembol¸n metaxÔ twn Stratosfairik¸n DiktÔwn kai twn EpÐgeiwn kai Do-

ruforik¸n DiktÔwn pragmatopoi jhkan me b�sh to logismikì VisualyseTM Professional. To

Visualyse eÐnai èna polÔ isqurì prìgramma thc Transfinite Systems (www.transfinite.com),

me to opoÐo eÐnai dunatì na montelopoihjoÔn sust mata radioepikoinwni¸n kai na ektelestoÔn

prosomoi¸seic thc leitourgÐac touc. Epiplèon, to logismikì autì epitrèpei th melèth kai po-

sotik  an�lush twn pijan¸n parembol¸n an�mesa sta sust mata aut�. KÔrio qarakthristikì

tou progr�mmatoc Visualyse eÐnai to grafikì tou perib�llon kai h dunatìthta pou parèqei sto

qr sth na èqei epoptik  antÐlhyh twn di�forwn thlepikoinwniak¸n susthm�twn. To Visualyse

den periorÐzetai sta doruforik� sust mata mìno, all� mporeÐ na montelopoi sei me akrÐbeia

tic epikoinwnÐec mèsw epÐgeiwn kai stratosfairik¸n zeÔxewn. Oi prosomoi¸seic pou mporoÔn

na pragmatopoihjoÔn poikÐlloun apì èna aplì èwc èna arket� polÔploko sen�rio, afoÔ to

prìgramma epitrèpei sto qr sth na eis�gei ìlec tic paramètrouc pou apaitoÔntai prokeimènou

na montelopoihjeÐ akìmh kai h pio sÔnjeth zeÔxh. Sugkekrimèna, eÐnai dunatì na dhmiourgh-

joÔn stajmoÐ epÐgeioi, stajeroÐ kai kinhtoÐ, twn opoÐwn th jèsh kai kÐnhsh mporeÐ na kajorÐsei

o qr sthc, stajmoÐ doruforikoÐ, gewstatik c all� kai qamhl c troqi�c, kaj¸c kai thlepikoi-

nwniakèc stratosfairikèc platfìrmec. EpÐshc, o qr sthc orÐzei ta diagr�mmata aktinobolÐac

gia tic keraÐec ekpomp c kai l yhc twn kerai¸n twn di�forwn stajm¸n, ta qarakthristik� twn

ferìntwn kum�twn kai ta montèla di�doshc twn shm�twn apì k�je pompì proc ton ek�stote

dèkth. O qr sthc èqei thn dunatìthta na eis�gei ta dik� tou diagr�mmata aktinobolÐac   na
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qrhsimopoi sei kajorismèna apì thn ITU-R diagr�mmata ìpwc:

• ITU-R F.699

• ITU-R S.580

• ITU-R S.465

• ITU-R S.1328

• ITU-R S.672

• ITU-R Appendix 30

• Bessel

• Cosine

• Omnidirectional

• Parabolic rolloff

To Ðdio sumbaÐnei kai me touc mhqanismoÔc di�doshc ìpou to logismikì parèqei thn dunatìthta

qr shc arket¸n montèlwn thc bibliografÐac k�poia apì ta opoÐa eÐnai ta akìlouja:

• Freespace

• ITU-R P.452

• ITU-R P.526

• ITU-R P.530-7 rain

• ITU-R P.530-7 multipath

• ITU-R P.618 rain

• ITU-R P.676

• Egli

• Hata

• Lee
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• Crane rain

H shmantikìterh leitourgÐa tou Visualyse eÐnai h melèth twn pijan¸n parembol¸n an�me-

sa sta di�fora thlepikoinwniak� sust mata. H dom  tou logismikoÔ eÐnai tètoia, ¸ste k�je

thlepikoinwniak  zeÔxh an�mesa se dÔo   perissìterouc stajmoÔc na mporeÐ na jewrhjeÐ eÐte

wc epijumht  eÐte wc zeÔxh parembol c. Me th bo jeia twn ergaleÐwn pou parèqontai apì

to prìgramma eÐnai dunatìc o upologismìc poll¸n shmantik¸n megej¸n kat� th di�rkeia twn

prosomoi¸sewn all� kai h statistik  an�lush ìlwn twn megej¸n pou metab�llontai kat� thn

prosomoÐwsh. EpÐshc, eÐnai dunat  h q�raxh grafik¸n parast�sewn, pou dÐnoun mÐa perissìte-

ro saf  eikìna tou trìpou me ton opoÐo k�poia megèjh metab�llontai sto qrìno   exart¸ntai

to èna apì to �llo.

Kat� th melèth twn prosomoi¸sewn, polÔ suqn� eÐnai qr simo k�poia apì tic paramètrouc

tou probl matoc na metab�llontai me tuqaÐo trìpo. K�ti tètoio dÐnei sto qr sth th dunatìth-

ta na melet sei th sumperifor� enìc thlepikoinwniakoÔ sust matoc se sunj kec ìqi stajerèc,

all� metablhtèc, kai sth sunèqeia na epexergasteÐ me statistikì trìpo ta di�fora apotelè-

smata pou prokÔptoun kai ton endiafèroun. To Visualyse prosfèrei sto qr sth di�forouc

trìpouc orismoÔ metablht¸n, oi opoÐoi anafèrontai akoloÔjwc:

• Monte Carlo variable: Qrhsimopoi¸ntac th Monte Carlo katanom  mporeÐ na oristeÐ h

mèsh tim  (”mean”) thc paramètrou kai h diakÔmansh thc (”variance”) gÔrw apì aut . O

qr sthc mporeÐ epÐshc na kajorÐsei to eÐdoc thc katanom c (”distribution”) pou ja ako-

loujeÐ h epilegmènh metablht . Oi epilogèc gia thn katanom , oi opoÐec tou parèqontai

eÐnai:

– Linear

– Triangular

– Poisson

– Lognormal

– Erlang

– Exponential

– Gamma

– Rayleigh
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• Offset variable from another variable: Me th sugkekrimènh epilog , h tim  mÐac pa-

ramètrou prokÔptei apì mÐa �llh par�metro san apotèlesma mÐac pr�xhc prìsjeshc  

pollaplasiasmoÔ.

• Variable defined by events: OrÐzontai apì to qr sth timèc, tic opoÐec lamb�nei h par�-

metroc se epilegmènec qronikèc stigmèc thc prosomoÐwshc.

• Variable specified at each timestep: OrÐzontai apì to qr sth timèc, tic opoÐec lamb�nei

h par�metroc k�je qronik  stigm  l yhc metr sewn twn megej¸n pou melet¸ntai kat�

th di�rkeia thc prosomoÐwshc.

• Monte Carlo constellation: QrhsimopoieÐtai sthn perÐptwsh an�lushc sust matoc me

asterismì dorufìrwn.

Sthn prosomoÐwsh ègine qr sh thc b�shc IDWM-ITU Digitized World Map. H b�sh aut 

IDWM epitrèpei thn qr sh dedomènwn apì ton pagkìsmio q�rth sta montèla di�doshc pou

epilègoume gia k�je sen�rio. Autì perilamb�nei plhroforÐa ìpwc:

• h apìstash apì thn akt ,

• to posostì thc diadrom c di�doshc p�nw apì epif�neia me nerì,

• klimatik� dedomèna ka.

EpÐshc sth prosomoÐwsh qrhsimopoi jhkan pragmatik� stoiqeÐa tou an�glufou tou ed�-

fouc pou sthrÐzontai sthn b�sh gewmorfologik¸n dedomènwn thc Gewlogik c UphresÐac twn

Hnwmènwn Politei¸n. H b�sh aut  kalÔptei ìlh thn epif�neia thc ghc me an�lush plègmatoc

suntentagmènwn tou q�rth thc t�xhc twn 30 arc seconds, (GTOPO30).
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Sq ma Gþ.1: Sqhmatik  anapar�stash thc apìstashc diaqwrismoÔ metaxÔ twn perioq¸n leitourgÐac
tou SD kai tou ED

 Sq ma Gþ.2: Sqhmatik  anapar�stash twn tri¸n perioq¸n k�luyhc (astik , proastiak , agrotik )
miac stratosfairik c platfìrmac h opoÐa leitourgeÐ p�nw apì to kèntro thc Aj nac
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Sq ma Gþ.3: GewmetrÐa ajroistik c parembol c pou prokaleÐtai apì tic ekpompèc isqÔoc thc �nw
zeÔxhc (Gh-proc-stratìsfaira) sth l yh gewstatikoÔ dorufìrou ìtan to SD eÐnai aneptugmèno se
gewgrafikì m koc 75◦, (RAC z¸nh).

 
Sq ma Gþ.4: Sqhmatik  anapar�stash twn tri¸n perioq¸n k�luyhc (astik , proastiak , agrotik )
miac stratosfairik c platfìrmac h opoÐa leitourgeÐ p�nw apì to kèntro thc Aj nac, kai thc dèsmhc
gewstatikoÔ dorufìrou apì thn troqiak  jèsh twn 39◦E (Hellas-Sat).

214 BasÐlhc F. M lac - Didaktorik  Diatrib 



Par�rthma Dþ

Basikèc Arqèc Klasmatik c

Upob�jmishc LeitourgÐac

Sto Par�rthma 2 thc sÔstashc ITU-R F.1108 [1] perigr�fetai h mèjodoc gia ton upologi-

smì thc klasmatik c upob�jmishc thc leitourgÐac gia EpÐgeio DÐktuo pou den qrhsimopoieÐ

diaforik  l yh. H mèjodoc aut  susqetÐzei thn perÐodo tou qrìnou fi, pou o dèkthc tou ED

dèqetai parembol  Ii, me thn klasmatik  aÔxhsh sthn mh t rhsh twn stìqwn leitourgÐac tou

ED, lìgw thc Ôparxhc parembol¸n. Autì orÐzetai wc:

FDP =
∑ Iifi

NT
(Dþ.0.1)

ìpou NT eÐnai o jermikìc jìruboc tou ED. H �jroish gÐnetai gia ìlo to qronikì di�sthma thc

prosomoÐwshc.

Gia sust mata me diaforik  l yh h klasmatik  upob�jmish thc leitourgÐac upologÐzetai

wc [2]:

FDP=
∑

[(1+Ii/NT )2±1]fi =
∑

fi

[
2Ii/NT + (Ii/NT )2

]
(Dþ.0.2)

Gia sust mata me metablht  diaforik  l yh h parap�nw sqèsh eÐnai epark c gia to qara-

kthrismì thc FDP . Gia sust mata me diaforik  l yh sunduasmoÔ mègisthc isqÔoc, jewreÐtai

h perÐptwsh ìpou h parembol  ft�nei stic dÔo keraÐec me diafor� f�shc ϕ, metaxÔ twn dÔo
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eisìdwn Ii, kai h opoÐa proseggistik� upologÐzetai wc:

Ii/NT = 2(Ioi/NT ) cos2 (ϕ/2) (Dþ.0.3)

ìpou Ioi eÐnai h isqÔc parembol c gia k�je keraÐa. Apì th sqèsh aut  prokÔptei ìti h st�jmh

thc sunolik c parembol c eÐnai sun�rthsh thc ϕ. H mèsh epÐdrash thc parembol c ektim�tai

wc:

(Ii/NT )av = 1/2π(Ioi/NT )

2π∫

0

2 cos2 (ϕ/2) dϕ = Ioi/NT (Dþ.0.4)

(Ii/NT )
2

av
= 1/2π(Ioi/NT )2

2π∫

0

4 cos4 (ϕ/2) dϕ = 3/2(Ioi/NT )2 (Dþ.0.5)

H sqèsh (Dþ.0.4) deÐqnei ìti h mèsh tim  (Ii/NT )av eÐnai Ðdia me thn Ioi/NT , en¸ h sqèsh

(Dþ.0.5) deÐqnei ìti h mèsh tim  (Ii/NT )2 eÐnai 1.5 forèc h (Ioi/NT )2. Wc apotèlesma h (Dþ.0.2)

mporeÐ na xanagrafteÐ wc:

FDP =
∑

fi

[
(2Ioi/NT ) + 3/2(Ioi/NT )2

]
(Dþ.0.6)

H FDP ìpwc orÐzetai sto [1] eÐnai epark c gia dèktec pou den qrhsimopoioÔn teqnik 

autìmatou elègqou isqÔoc ekpomp c (ATPC), apaiteÐtai ìmwc prìsjeth je¸rhsh gia dèktec

pou k�noun qr sh thc teqnik c ATPC, efìson ta epÐpeda I/N xepernoÔn to eÔroc leitourgÐac

se pl rh isqÔ (Aw) [3]. H FDP gia dèktec pou k�noun qr sh thc teqnik c ATPC orÐzetai wc:

FDP = FDP0 + ∆FDP (Dþ.0.7)

ìpou FDP0 eÐnai h sun jhc FDP ìpwc èqei oristeÐ sto [1] kai h opoÐa ed¸ sumbolÐzetai wc:

FDP0 =
∑

All k

fk (i/n)k (Dþ.0.8)

kai h suneisfor� lìgw ATPC kai parembol c orÐzetai wc:
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∆FDP = (100.1Aw − 1)
∑

k > kc

fk (1 + (i/n)k) (Dþ.0.9)

jewreÐtai ìti (i/n)k+1 eÐnai megalÔtero apì (i/n)k ìpou kc o megalÔteroc deÐkthc gia ton

opoÐo:

10 log (1 + (i/n)k) < Aw (Dþ.0.10)

BibliografÐa

[1] “Determination of the criteria to protect fixed service receivers from the emissions of

space stations operating in non-geostationary orbits in shared frequency bands,” ITU-R

Recommendation F.1108-4.

[2] “Maximum allowable values of power flux-density at the surface of the Earth produced

by non-geostationary satellites in the fixed-satellite service used in feeder links for the

mobile-satellite service and sharing the same frequency bands with radio-relay systems,”

ITU-R Recommendation SF.1320.

[3] “Interference criteria to protect the fixed service from time varying aggregate interference

from other services sharing the 10.7-12.75 GHz band on a co-primary basis,” ITU-R

Recommendation F.1494.

BasÐlhc F. M lac - Didaktorik  Diatrib  217




