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EONIKO METZOBIO TTOAYTEXNEIO
TMHMA HAEKTPOAOI Q2N MHX/KS2N KAT MHX. YTTOAOIIZTOIN
TOMEAZ ETTIKOINOQNIQN, HAEKTPONIKHZ

KAI ZYZTHMATON TIAHPOZOPIKHZ

AIKTYA KINHTQN KAI TIPOZQTIIKOQN ETTIKOINOQNION

TTpopAnuara KepaAaiov 4

Movodidotato olaThpa KIvhTWY €TIKOIVWVIWY damoTeAgitar amd 2N TeTpaywvikEéG
KUWéAeg diateTaypéveg oc euBeia ypappn. O ouvTeAedTAC emavaxpnoigomoinong Tou
ouoTAuarog sivar K> N. Adyw Tou @aivopévou TnG okiaong, n Héon TIUAR TNG oTddOung
10x00C¢ Tou gnpaToC akoAouBei AoyapiOpIKA-KAvoVIKA KATAvoun He TUTTIKA amokAion o =
7.07 dB kai améAuTh péon TipA 8, n otroia peTaPAAAETAI UE TNV ATTOOTACN HE EKOETN /1=
3. O1 dékTeg ToU Ba xphoigomoin®olv amd To oUoThua amaiTolv péon TIUAR OAUATOC
peyaAUTepn katd 1355 dB amé Ttn péon mapeppoAn. TTolog eivar o eAdxioTog
amaiToUHEVOC OUVTEAEOTAC emavaxphoipotmoinong K, av o Adyoc S/I mpémer va
mapapével avw and ta 13.55 dB via to 95% Twv TreploxWwy oTa 6pid TWV KUYEAWV;
Ocwphote To S/ I pévo oth LeUEn kabddou.

[Aravrnon: K = 6]

270 povodidoTaTto KUYeAwTO oUoTnUa Tou 2X. 1 0 OUVTEAEOTAG emavaxphoidomoinong
eival K = 2 kai umoBéToupe oI TapepPdAAel povo n TpwTh oeipd KuyeAwyv. O ekBETNC
antwAgiwyv d1adpopnc civar n = 3 kai dev AeiToupyei 0 pnxaviopog diamoumng. Ta Kivntd
ETITPETIETAI VA E€I0£PXOVTAI OE YEITOVIKEC KUWEAEC Kal 6Tav o Adyoc S/I méoel KATW
amd To EMTPETOHEVO KATWPAI, N ETIKOIVWYViA JIAKOTITETAI.

(a) TTéoo mpémer éva TeppdTIKO va amopakpuvOei amév Tov otaBud pdong A Tpiv
diakoTei n oUv3eoh Tou, éTav auTth diakoTTeTal via Adyo S/I < 10 dB;

(B) YmoBéaTe 4TI KATOIO TEPUATIKO gival aTa dpid ThG KUYEANG Tou Kal Ta opodiauAikd
TPOC AUTO TEPUATIKA eival oTIC TTAnCIéaTepeg Oéoeic Ttpog Tov oTaBud pdong A.
TTéoo mpémer To de€id €UPIOKOUEVO TEPUATIKO va TAnCIdoel Tov aTaBué pdong A

Tpiv 0 Adyoc S/I Adpel Tnv Tiph Twy 10 dB;
2r 2r

N T R +AT+

2ZxhAua 1
[Aravrnon: (a) d = 1.228r, () d = 2.514r]

270 HovodIdoTaTo KUYeAWTO oUOTNHA TOU ZX. 2, 0 OUVTEAEOTAG £mavaxpnoigomoinong
givar K = 3, o ekBétngc amwAeiv diadpopn¢ cival n = 3 Kal UTOOEToupe OTI
mapepPdAAel govo n TPWTh ocipd KuyeAwyv. O1 KUYEAeG BOewpolvTal TETPAYWVIKEC
TAcupdc 2r = 1.5 km ka1 o1 otaBpoi Pdong pmopei va kaAlyouv améotaon péxpl 1 km
KaTd Tov d§ova Tou oUOTAUATOC, AOYw KATIOIAC KATEUOUVTIKOTNTAG TWV KEPAIWV.
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H TUKVOTATA Twv XpNoTWv eivai opoidpopen Kai ioh pe 100 xprotec/km?, o padudc
efumtnpétnong eivar 2% via ovotnua Erlang-B, o puBuog deigng kAnoewv A = 2
KAhoeic/h kai n péon didpkeid Toug 3 min. Adyw eKTAKTOU YEYOVOTOC, N TIUKVOTNTA
TWV XPNOTWV OTO KEVTPIKG THAPA TNG KUYEANC A, diaotdoswy 1x1.5 km, aunBnke oe
180 xpnotec/km? Tia Tn peiwon Tou @opTiou TNC KUWEANC A, amopadileTal va
e€umnpeTNBoUV POVO TA KIVNTA TEPUATIKA OTO KEVTPIKO THAWA, VW Ta UTOAoITTA vd
e€umtnpeTnBolv amod Ti¢ SiImAavég KuwéAeg wia kal n epPéAsia Twy oTaBuwyv Pdong
HTTOPEi va Ta KAAUYEL.

(a) TToioc o véog PaBuoc e€umnpéTnong oTnv KUYEAN A KaBWCE Kail OTIC YEITOVIKEG TNG
KUYEAEG;

() TToia civar n emimTwon oTnV TOIOTNTA TOU ONWATOC YId Td TEPHATIKA TWV
YEITOVIKWY KUuyeAwyv Tou Ba PpeBolv oTa opia TnG meplopiopévwy 81aoTAgEWwyY
KUYEANG A; YToAoyioTe Thv emimTwon auTh.

[Aravrnon: (a) GOS = 7% kai 6%, (P) Meiwon Tou S/I kara 10 dB]

To povodidoTaTto KUYeAwTO ouoThpa Tou ZX. 3 cival GSM Kai XpnolpoTolgi oUVOAIKO
eupo¢ Cwvnc 4.8 MHz. O ouvTteAeoTAg emavaxpnoipomoinong ecivar K = 3 kai évag
diauho¢ oc KdOe KUYEAN Xxpnoidomoieital yia onupatodogia. O ekOETNC aTTWAEIWY
diadpopnc civar n = 3. O1 KuyéAeg BewpolvTal TETpaywVIKES TAgupdc 2r = 1.5 km kai
UTtdpxel €mMIKAAUYN TwWV KUYeAWv Katd Tov dfova Tou OUOTAPATOC, AOyw KAToldg
KATeUOUVTIKOTNTAG TWV Kepaiwyv. H péon otddun AAwng oc amoéotacn 250 m améd Tov
oTabuoé pdong civar -82 dBm

2r
P>
A
2r ® ° e ® ® ®
2 xfpa 3

H TukvoTnTa TWV XPNoTWV eival opoidpopgn Kai ion pe 100 xphotec/km? kai KdOe
XpAoTNG mpayuatomolei 2 KARoeic/h pe péon didpkeia 3 min. Adyw €KTAKTOU
YEYOVOTOC, N TIUKVOTNTA TWV XPNOTWY 0TV KUYéAn A auéndnke oe 150 xphoTec/kmé.
Ma Tn peiwon Tou @opTiou TNG KUWEANG A, amogacileTal va e§umhpeTnBolv poévo Ta
KIVNTd TepUATIKA ToU PpiokovTal TANCIECTEPA TPOG Tov OTaBU6 Pdong, evw Ta
umohoima va efumnpeTnBolv amd Tic SIMAAVEC KUWEAEC Hia Kal n epuPéAeia Twv
oTaduwyv Ppdonc pmopei va Ta KaAUyel. TTpo¢c ToUTO KaBopiletar va dokipdlouv
Tpoapacn otov oTabud Pdong HOvo Ta KIVATA TEPHATIKA TTOU €X0UV Héon aTdAOun AYng
péxpl -92 dBm.

(a) TToiog o véog PaBuodg e€umnpéTnong oThy KUYEAN A KaBWG Kail OTIC YEITOVIKEC TNG
KUWéAEG, av To oloTnua eivar Erlang-B;

(B) TToia givar n péon oTdOUN ARYNG OTa KIvNTd TEpUATIKA TToU PpiokovTal oTa véa épia
™G A Kai e§UTTNPETOUVTAI ATIO TIG YEITOVIKEG KUWEAEG.

(y) Av ot améoraon r mapartnpeital o amodeKTOC AOYo¢ OAHATOC TPOC TAPEUPOAR Tou
ouoTAUATog, Katd méoa dB mpémel va pmopoUv Ta TePHATIKA va PeATIWVOUV Tov
AOyo onuato¢ mpoc¢ mapepPoAn Wwate va mapapével n idia moidéTnTa oAUAToC oTd
KIVNTd TepuaTikd Trou PpiokovTal oTa véa opia Tng A kai eEumnpeTolvTal amod Tig
YEITOVIKEC KUWEAEG, YTT0OETouHE 0TI TTapePAAAEI HOVO N TTPWTN OEIpd KUYEAWV.

[Awavrnon: (a) GOS = 1.8 kai 8.5%, (p) -100 dBm, (y) 4.3 dB]

TTpokeiTal va kataokeuaoOei povodidoTato acUpudTo KUYeAwTO 0UOTNUA Yid Thv
e€umnpéTnon autokivnTodpopou Taxeiag KukAowopiac. O autokivnTodpopog eivai
KATAOKEUAOWEVOC 0 AVOIKTA Kai €TiTredn TepioXA Kal dev UTTAPXOUV KTipid KovTd Tou,
omoTe €Xoupe di1ddoon avw amo emimedn Kai TeAgiwg aywyipn emgdvela. H mepioxni
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KAAuyng kaBe kKuwéAng Bewpeital opBoywvikh pe phkog € kar mAdroc w = 160 m. Oi
oTtaBuoi pdong Oa TomoBeTnNOOUV 0TO KEVTPA TWV KUYeAWV Kai Ba améxouv peTaly
Toug € m.

H mpoogpepopevn Kivnon KATd HPAKOC TOU dAUTOKIVNTOOPOHOU gival pa = 16x10°¢
er‘lang/m2 Kal o emTpemopgevog 60S = 0.01 yia ovothuya Erlang-B. AiartiBevrai
ouvoAikd 200 diauAol Kai o emiTpemopuevog Adyoc S/I = 15 dB kai yia Tig 0o
KaTeubuvoeig. AdeAeiTal n akiaon Kai n péyiotn améoraon petall Twv otaBuwv pdong,
yid va apéxXouv Tov KatdAAnAo Adyo S/ I ata TepuaTikd, givar 60 km.

(a) Bpeite Tn péyioTn améoTaoh peTall Twv oTabuwy pdong, woTte va umooThpileTal h
TpooPePOUEVN Kivnon pe Tov JekTd Padud efumnpétnong. O amaiToUuevog Adyog
S/ I mpémer va e€aopaAileTal yia kdBe Béon Twv XpnoTwv Kai oth {eUn avodou
kal oth {e0&n kabodou.

(B) Meta tn ouumAnpwon Tng oxediaong, amogacileTal va peiwBei To UYog TWV
Kepaiwyv ato 1/8 Tou apxikd oxediacBévrog. TToia Ba cival oThv TrepimTwon auth h
péyioTn améotaon peTall Twv oTaBuwv Pdong kai Tolo To ATaITOUHEVO @doud
(ap1Bpoéc diavAwv) via Tnv e€uTnPETNON TOU AUTOKIVATOdPOHOU, OcwpnoTe, 0TI Ot
KdBe KUYEAN dUo diauAol XpnaidoTroloUvTal yid ohpaTtodoaia.

[Aravrnon: (a) € = 32.11 km, (p) €° = 21.21 km kai C,, = 140 Jiauhoi]

Octwpolpe KUYeAWTO oUOTNUA HE I00TPOTIIKEC KEPAIEC KAl OUVOAIKO apiOud diavAwv
395, 1o omoio e§umnpeTei opoidpopen Kivnon pe péon didpkeia kKAhoswv H = 120 sec,
evil n mBavoTnTa damoKAsiopoU Thv Wpd daixpng eivar 2%. Av 0 OUVTEAEOTAC
emavaxpnoigotoinong eival K = 7 kai o ek@étng anwAeiwyv diadpoung n = 4, va Ppebei
0 Héoog apiBudc Twv KANCEWV avd wpa Kair avd KUyéAn kabwg kal o AGyog onparog
Tpo¢ TapeUPoAn pe Tnv tapadoxn 0TI TapePAAAEl n TPWTN oeIpd KUYEAWY.

[Aravrnon: a) 1376 kAnoeic/kupéAn/wpa, p) 18.7 dB].

TTdpoxo¢ kuyeAwToU ouoThAUAToG¢ amogacilel va Xpnhoidomoinoel ynpiakh TDMA, via
Thv omoia o 3eKTOC AdyoC ohpato¢ mpo¢ mapeupoAn civar 15 dB otn xeipdtepn
mepimTwon. Bpeite Tn PéATIOTH TipA Tou K via (a) 10oTpoTtikég Kepaieg, (B) Topeic 120°
kai (y) Topeic 60°. Oa xphoipoToInBei XWPIOHOC TWV KUYEAWY OE TOWEIC; AV vdal, TTOI0G
xwpiopdc (60° K 120°) Ba xpnoidomoinBei;

OcwpnhoTte ekOETN amwAeiv d1adpodic h = 4 kar Adpete umoyn Thv amodoon
OUYKEVTPWONG.

[Amavtnon : K = 3, Topeic 120°].

Mia mio ouoThuaTikh diadikacia peTpAoewv amédeife OTI 0 €kOETNG ATMWAEIWY
d1adpopng yia To alaThud ThG TponyoUpevng doknong civalr n = 3 kai ox1 4. TToia Ba
gival n véa oxediaon;

[Amavtnon : K = 4, Topeic 60°]

2 € KUYeAWTO oUoThpa Tou e€UTNPETEI AOTIKA TTEPIoXA h 0TAOUN AAYng oe amoéoTtaon d
= do = Im amé Tov oTa®uéd Ppdong civar ImW. Tia va petpiacOolv Ta @aivopeva The
oHodIaUAIKNG TTapeUPOARG, amtaiTeiTal 6TTWC To oApd Tou AapPpdveTtal amd omolodATTOTE
TEPUATIKO Kal o@eiAeTal oe dAAov oTaBud Pdong civar kdtw amé -100 dBm. Amé
HETPATEIC TToU Eyivav PpEéOnke 0TI 0 eKOETNG antwAegiwy d1adpopng ival n = 3.

(a) KaBopiote Tn péyiotn akTiva KdABe KUuWéAng, e€dv 0  OUVTEAEOTAG
emavaxpnoipomoinong ivai K= 7.

(B) TToia givar n péyioTn akTiva av o oUVTEAEOTAG eTtavaxphnaipomoinong sivar K = 4;

(v) To oUothpa Tou gpwTthpaToc (a) Asitoupyei pe 660 dialAoug amd Toug omoioug ol
30 civai diauAor eAéyxou. Av n avapevopevn TTUKVOTNTA XPNOTWY 0TO oUOThUA gival
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7800 xphoTec/km? ka1 kdBe XpAOTNC TipaypaToToIEl KATA HéTo 6po pia KAon avd
wpa pe péoan didpkela H = 1 min katd Thv wpa aixpng, kaBopiote TV mMOavoTnTa
va avTigeTwmilel kKATol0¢ XpNaTng KaBuaTtépnon peyaAltepn amo 20 sec, étav ol
KAROEIC UTtaivouv o€ oupd avapovig.

[Aravrnon : (a) 470 m, (p) 623 m, (y) 2.96 x 107*].

Acifte 671, av n = 4, pia KuYéAn pmopei va iaomtacOei o TEOTEPIC HIKPOTEPEC KUYEAEC
pe HioA akTiva Thv kaBepia kai 1/16 Tng 10XU0¢ Tou TopToU ThG dpXIKAG KUYEANG. AV 0
ekOETNC anmwAeiwy diadpopnc cival h = 3, Togo mpémel va aAAaer n 10xXU¢ Tou TopTToU
via va diaomacOei n KuYéAn oe Téoaepig HIKpOTEPEC KUWEAeC, TTola emidpaon Ba éxel To
YEYOVOG auTO OTNn YEWWETPia TN KUYeAWTAG Bopng; EEnynoTe Thv amdvrnoh oag kai
OcifTe Mg o1 véeg KuyéAeg Oa Taipiaouv péoa oTIC apXIkEC HakpokuwéAeg. Tia
amAdTNTA XPNOILOTIOINOTE I00TPOTIIKEG KEPAIEC.

[Aravtnon : P; / 8].

KugeAwTd ovoThpa KivnTA¢ ThAspwviag éxer 378 diauAoug. O amodekTdg Adyog S/T =
18 dB kai o amodektog¢ GOS = 2% vyia avotnua Erlang-B. TToia eivai n peyaAUtepn
TIUKVOTNTA XpnoTwv avd km? Trou pmopei va umooThpixBei, pe TOIOV OUVTEAEOTA
ETAVAXPNOIHOTIOINONG ETTITUYXAVETAI KAl UE TTOId EOWTEPIKA SIAUOpPWON TWV KUYEAWY;
TToio¢ cival o Adyo¢ S/TI atnv mepimTwon auth; H akTiva Twv KuyeAwv civar R = 3 km
Kai h 81adoon aThv TepioxXh Tou Ba KaAUyel To oUaThua xapakTnpiletal amd ekOETN N =
4. KaBe xpnotnc Bewpeital 6TI paypaTomolei R déxeTar 800 KAROEIC Thv Wpda, n péon
didpkeia Twv kARoewv gival H = 3 min kai To oUoTnua eivar Erlang-B.

Ocwpolpe 0TI, 0 KAOe KUYEAN A Topéa KUWEANC, 0 évag amod Toug diaTIBEéUEVOUC
diavAoug civar diauAog eAéyxou. Tia Tov umoAoyiopd Tou Adyou S/I OeswphoTe 0TI
TapePPdAel HOVO n TPWTN oclpd OHOBIAUAIKWY KUYEAWY.

[Anavrnon : 33.85 xprotec/km?, K = 3 kai 6 Topeic, 20.07 dB]

2 Yneiakd KuYeAwTd ouoTnpua o dekTAC AdyoC ahuartog Tipo¢ mapepPoAn civar 16 dB,
oTh XelpdTtepn mepimTwon. Na Tnv avdmTuén Tou ouoTAUATOG, UTdpxel duvaToTnTa va
xpnoigomoinBouv (a) KUYéAeg pe 100TpoTIKEG Kepaieg, (B) KuwéAeg pe Topeic 120° kai
(y) pe Topeic 60°.

(a) TToia didatan Oa xpnoipomoinBei, WwaTte va emTeuxOei PEATIOTR TIHA ToOu
ouvTeAeaTh emavaxpnaoigomoinong K; YmoBéoTe ouvteAeoTh amwAeiwy d1adpopng n
= 4 kai AdpeTe umoyn Thv amédoon cuykévipwong. TTola B©a ATav n oxediaoTikA
AUon, av n KAAUTTTOHEVN TteploxXh €ixe h = 3;

(B) Tia va peTplacBolv Ta @aivépeva TG opHodIAUAIKAG TapePPOAAC, h aKTiva Twv
KUYEAWY TNC TPWTNG AUong cival TéTold, WOTe To ONHaA Tou AauPpdverar amo
OTI0I0OATIOTE TEPUATIKO Kal o@eiAeTal o€ dAAov oTaBué Pdong va sivar katw amod -
150 dBm. Av kdB¢ 3ékTng Aapupdver ohpa ImW oe améotaon d = dp = 1Im amd Tov
TOUTIO, va KaBopiaTei N HEYIOTN AKTiva Twv KUuYeAwv oth AUon auth. TToio¢ Ba
TPETTEl va €ival 0 TTEPIOPIOHOC Yia Thy TtdpePoAn oTn deUTepn AUon, WoTe va €Xouv
o1 KUYEAeG Tnv id1a HéyIoTn akTiva;

(y) Av o ouvoAikdc apiBuéc Twy diaBéaoipwy diavAwy civar 504, mégoug xpnoTeg avd
km? pmopei va efumnpeThoel To oloTnua pe Paduéd eumnpétnong 2%, av kdOe
XPAOTNC TtpaypatoTolei KaTd péoo d6po 3 KARoei¢ / wpa pe péon didpkeia H = 120
sec,

[Amavrnon : (a) K=3 ka1 60°, kai K=4 ka1 60°, (p) 1496m, (y) 207 xphorec/km?]

TTpdékeiTal va eykataoTaBei ynpiakd oUoThUA KIVATWY ETIKOIVWVIWY 0€ ACTIKA TTEPIOXA
TNG Hopen¢ mou @aivetar oto 2X. 4. O otaBuoi Ppdonc Oa TomoOeTnOoOUV OTIC
diaoTaupwosic Twv pdpwy, o €AdXI0ToC emITpeTOHEvOC Adyoc S/TI = 21 dB kai o
emBuunTtég GOS = 1%.
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To di1aTIBépevo ouvoAikd eUpo¢ {wvng oTo oluoTnua civar 26 MHz, xpnoipomoicitai
apeidpopunon ouxvoTntac He padiodialAoug eUpoug {wvng 200 kHz, kaBévag amd Toug
omoiou¢ umooTnpilel 8 dialAouc xphoth pe diaipeon xpdvou. Evag diauhog oe KdaBe
KUYEAN xpnaoidomoleiTal yia onpatodoaia.

Na ppeBei n @aopartikn amédoon Tou oOUGTAPATOC. OQewpNoTe OTI €XOUHE TEPITIOU
TETPAYWVIKEG KUYEAEC, TTapePdAAouy o1 4 TTAnCIEoTEPEC OHOBIAUAIKEC KUYEAEC Kal OTI h

PR

~—

2 xhua 4
[Aravrnon : 8.57 erlang/km?/Hz]

270 oUOThUa Tou TponyoUpevou TpoPAApaTog, Adyw TnG au€nong Tou apiBuol Twv
XpNnoTwy, amopacileTal va xwpioBei KABe KUYEAN oe Téooepig Topeic Twy 90°, 6Twg
paivetal ato ZX. 5. Na ppeBei mdéoo Ba auénBsi n paopaTikh amdédoon ToU CUGTAUATOC
o€ OX£€aN HE EKEIVN TTOU ETTITUYXAVETAI UE TIC ICOTPOTIIKEC KEPAIEC.
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[Aravinon: 1.31 erlang/MHz/km?]

Yneiakd KupeAwTd oloTnpa KIVATWY ETIKOIVWVIWY He €€aywVIKEC KUWEAEC, TOU
Aeitoupyei othv mepioxh Twy 1800 MHz, tapéxel TnAcpwvia kar yetddoon dedopévwy
XapnAoU puBpol, uTthpeoie¢ yid TIC oTroie¢ amaiTeitar Adyoc S/I = 12 dB ortn
duopevéaTepn mepimTwon. TTpokeipévou va e€umnpeTnOci peTddoon dedopévwy uynAou
puBuoU, amogpacileTal va TapEXETAl h UTThpEdia auTh o€ KUWYEAEC HIKPOTEPNG AKTIvAG
OHOKEVTPEC TWV dpXIKWV Kail He Tov idl0 ouvTeAeoTh emavaxphoigomoinong. Na
UTTOAOYIOTEI N AKTIVA TWV ECWTEPIKWY KUYEAWYV, av ol dpXIKEC KUYEAEC €xouv akTiva R
= 2km, n amaithon yia Ti¢ uttnpeaoieg dedopévwy uynAou puBpuou civar S/ = 20 dB oth
duopEVEDTEPN TEPITITWON KAl 0 €KOETNG ammwAsiwyv diadpopng ivar n = 3. ApeAciTal n
okiaon.



TToia Ba mpémel va civar h 10xXUC EKTTOUTAC Twv oTaBuwyv Pdong, av ota épia Twv
EOWTEPIKWY KUYEAWV amaiteital va pnv éxoude TeplogdTepeg amdé 60 umeppdoeic
oTadung avd sec yia suaiodnoia dekTwy -100 dBm kai TaxuTnTa KIvhTWY TEPUATIKWY
45 km/h; Na xpnoipotoinBei o mpooeyyioTIkO¢ TUToC. Aivetar 6TI n amdotdon yid Thv
omoia 1oxUel d1ddoan oTTIKAC eTaghc ival ap = 100 m.

2. xoAidoTe Thv emidpaon Tou Ba éxel h didtan pe Ta dUo €idn KUYeAWV oTnv amédoon
pdopartog, 0edopévou OTI €vag OUYKEKPIKEVOG aplBuoc amod Toug d1alAoug TG apXIKAG
KUWYEANC Ba xpnoIPoTIoIEiTAl HOVO OTNV EOWTEPIKA KUWYEAN Kal yid TIG dUO UTtNPETIEC.

[Aravtnon: (a) R=1272m, P;=117 mW]

4.16 TTdpoxocg KIVATWYV €MKOIVWVIWY TIPOKEITAl va ayopdoel gdoda 24 MHz otnv mepioxi
Twv 1.8 GHz via va 1o XpnoigomoIiRosl ge Ynelakd KuyeAwTod diKTUO, TO omoio Ba
KaAUTITEl AoTIKA Treploxh éktaong 15000 km? kai Ba e€ummpeToUvrar 500000 xprioTeg
opolopop@a karavepnpévol age 0An Thv Teploxh e§umnpétnong. O1 kuyéAeg Ba civai
e€aywvikéc kar kaBepid Oa xwpiletar oe Tpeig Topeic Twv 120°. To oloTthua Oa
xphoigotoiei  ap@idpdéunon ouxvotTnTag, To eUpo¢ Juwvng Twv padiodiavAwy avd
katevBuvon civat W = 200 kHz kai oe kdBe padiodiauAo ToAuTtAékovTal pe diaipeoh
xpovou 8 diauAol. ATd Tov ouvoAikd apiBud dialAwyv KABe Topéa KUWéAng, 2 diauhol
xpnoidomoioUvTal yia onuatodocia. O amaitoUpevo¢ Adyoc S/I = 19 dB otnh
duopevéaTepn TepiTTWON Kal emSIWKETAI N PEATIOTH emtavaxpnoipomoinon. H mepioxh
e€umnpéTnong Tou ocuaThpartog Ba eival. KaBe xpAoThg paypartomolei katd péco 6po 2
KAnoeIg Thy Wwpa, péong didpkelagc H = 3 min, o amaitoUuevog Pabudg eEumnpérnong
gival 60S = 2% kai 1o oUoTthpa eivar Erlang-B. H améoraon via tnv omoia 10xUel
d1adoon omTIKAG emagng ivar ap = 100 m kai o ekBETNG anmwAeiwy Siadpoung givai 7=
4 ( aueAeitar n okiaon).

TToia ©a mpémer va eivar n 10x0¢ EKTTOUTING TWV aTaBpWwy Pdong, av h eAdx1oTh oTddun
AgiToupyiag Tou KivnToU civar - 103 dBm kai Ta képdn Twv Kepaiwyv oTabuwy pdong Kai
TepUATIKWY gival povadiaia;

[Anavrnon: 2.85 W]

417 WYneiakd KupeAwTo BIKTUO KIVATWY ETTIKOIVWVIWY TTOU AEITOUpyEi aTnv Tepioxh Twy 1.8
GHz mpékeitar va efumnpeTAoel aoTikh Teploxh ekTdosw¢ 15600 km® pe 1500
oTaBuouc pdong opoidpopea katavephuévoug. O amaiToupevog Adyoc S/ I =19 dB otn
duopevéaTtepn mepimTwon. To eUpo¢ {wvng Twy padiodialAwy Tou dikTUoU civar 200
kHz ka1 oc kdOe padiodiauho moAuTAékovTal pe diaipeon Xpovou 8 diauAol. ATté Tov
OUVOAIKG ap1Bud dialAwv KABe KUYEANG K Topéa KUWEANG, 2 diauAol XphaidoTrolouvTal
yia onpatodooia Kal emdIWKETAlI N PEATIOTN eTTavaxpnoipoTroinon. 2T0X0C ToU TTdpOXou
Tou JiIkTUoU cival va e§umnpetoUvTal 1560000 xphoTeg opoldpoppa KATavepnpévol ae
0An Tnv mepioxn efumnpétnong pe 6OS = 2% oe obothua Erlang-B, Bswpeitar 3¢ 6T
KdOe xphotng Ba mpaypaToTolei KATd péoov 6po KATd Thv Wpa aiXpAC 2 KARGEIC Thv
wpa, péang didpkelac H = 3 min. H améoTaon via thv omoia 1oxUel 81adoon OTITIKAG
emagnc ivar ap = 100 m kai o ekBETNG amwAeiwy diadpopng civar n = 4 ( apeAcital n
okiaon). O1 kuyéAeg Bewpeital 0TI £xouv e€aywviko axhApa.

(a) TToia Ba mpémel va civar n 10XUC EKTTOUTAC Twv oTaBuwyv Pdong, av n eAdxioth
oTddun AciToupyiag Twv KIvhTwy Teppatikwy eivar - 103 dBm kai Ta képdn Twv
KepaIWV oTabpuwy pdoncg Kai TepHaTikWy eival Hovadiaia;

(B) TToio civar To eAdxioTo €Upo¢ {WvnG ToU QAOUATOC TOU ATAITEITAI Yid TO UTTOYN
dikTUO;

[Aravrnon: 452 mW, 28.8 MHz]

4.18 WYnepiakd KUPeAwTO SiKTUO KIVNTWVY ETIKOIVWVIWY Xphoidotolei gdopa 22.4 MHz oTtnv
mepioxh Twy 1.8 GHz kai kaAUmtTel aoTikA epioxh pe 100 oTaBuoug Ppdaong 1oxvog 460
mW. O ekBéTng anwAesiwyv d1adpopng yia TV utoyn Treploxh cival n = 4, n amoéoTacn
yia Thv omoia 1oXUel diddoon omTIKAG emahc ah = 100 m kai apeAgitar n okiaon. To
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0iKTUO XpnhaigdoTolei aggidpopnon ouxvoTnTag, 1o eUpo¢ {wvng Twyv padiodiavAwy avd
kateVBuvon civar 200 kHz kai oe kaBe padiodiauAo TToAUTTAéEKOVTAl Xpovikd 8 diauAol
EMKOIVWYVIAG. 2& KABe KUYEAn, évac diauAo¢ emikoivwviac avd 6Uo padiodiaUAoug
XphoigoTtoigital yia onpatodooia. Na Ti¢ utthpeaieg Tou TTpooépel To JiKTUO, 0 OEKTOC
Adyoc S/I = 15 dB, o emBuuntég pabudc e€umnpéthong civar 60S=2% kai To oloThua
givar Erlang-B. O xpAoTeg mou Ba e{umnpeTnBolv Kdvouv katd pégov 6po 2 KANOEIG
Ty wpa péong didpkelac H = 3 min kar Bswpeital 0TI XpnoigomoioUv OEKTEC He
evaioBnoia-103 dBm.

Na ppeBei o apiBuéc Twv XpnhoTwv mou pmopei va efumhpeThoel To JikTUO He
I00TPOTIIKEG KEPAIEC KAl h 9ATUATIKA ardédoan Tou CUOTAUATOG.

[Aravinon: 49600 xprioTeg, 0.418 erlang/MHz/km?]

WYneiakd KuyeAwTo JiKTUO KIVNTWV ETIKOIVWVIWY Xpnoigotolei ¢dopa 14.4 MHz otnv
neploxfy Twv 900 MHz Kai KAAUTITEl AoTIKA TeploXh ekTdosw¢ 1560 km? pe 150
oTaBpolc pAong Katd TPOTIOV TOU va €TITUYXAvel TV HEYAAUTEPN TTUKVOTNTA XPNOTWV
ava km?. TTapéxovrai amé To SiKTUO UTINPETGieC QWVAC Kal Jedopévwy, omoTe eival
emMOUPNTO h péon didpkela Twy diaAsiyewy oTa 6pId TWV KUYEAWY va Unv utteppaivel Ta
3 msec, yia KivhTd Tou KivouvTal pe péon taxutnta 50 km/h. Na Ti¢ umhpeaieg mou
mapéxel To JdiKTUO, 0 eAdxioTog Adyoc S/I = 19 dB kai o emBuuntéc Pabuodg
efumtnpétnong eivat 605=2% (ouotnua Erlang-B). O ekBéTng amwAeiwv diadpopng via
TNV UTOYn TEPIoXN €ival n = 4 kal n améoTacn yia Thv omoia 1oXVel 81ddoon OTTIKAC
emapn¢ ap = 100 m, evw apeAcitar n okiaon. To &ikTuo e@apuolel apgidpdunon
ouxveTnTag, 1o eUpo¢ Jwvng Twyv padiodialAwy avd katevBuvon civat W = 200 kHz
Kal ¢ kdOe padiodiauAo TOAUTTAéKovVTal Xpovikd 8 diauAol emikolvwviag. 2e KdBOe
KUYEAN N Topéa KUWEANG, évag diaulog emikolvwvidg xpnoigoToleiTal yia ongarodoaia.
O1 XpAOTEC TIPAYHATOTIOIOUV TNV Wpa AiXHAG KaTd péoov 6po 2 KAROEIC YWVAC ThV Wpad
puéang Oidpkelac 3 min kar 3 kKARoeig dedopévwy PETAYWYNG KUKAWWATOC HéONG
didpkelac 1 min. H euaiobnaoia Twv Xpnoipomoloupévwy dekTwy eival -100 dBm.

Na ppeBei n 10x0¢ Twv TMOUTWY Twv O0TABUWY Pdong, h HEYIOTN TTUKVOTRTA XPNOTWV
TOU UTopei va emTeuxOei Kal n @aopartikh amoédoon Tou CUOTAPATOC O AQUTAV ThV
TepiTTWON.

[Awavrnon: 2.27 W, 34.65 xpfiotec/km?, 0.707 erlang/MHz/km?]

Ocwpovpe didtaln pe efaywvikéc KUWéAeg, othv omoia o1 otaBuoi pdong civai
TOTOOEeTNUEVOI OTA KEVTPA TWV KUYEAWV Kal €XOUV 100TPOTIIKEG KepaieC. O eKBETNG
anmwAeiwyv d1adpopng cival 7 = 4 kai uTtoTiOeTal 0TI TApeUPAAAEl HOvo n TTPWTN ocIpd
opodIaUAMIKWY KuyeAwv. MeAetdtar h epappoy dUo cuoThudTtwy oThv umoyn didtagn
KupeAwyv. To éva ouothua dev d1aBéTel KwdikoToinan via Th d16pOwan AaBwyv, ev) To
dMo 81aBétel. To olotnhya pe Thv Kwdikomoinon amaitei eUpog¢ {wvng 1.5 g¢opd
pHeyaAUTepo avd diauAo, Opwe To KEPSOC KwOIKOTOINGNG TOU XPNOILOTIOIOUHEVOU
KWwdika civar 6dB (dnA. pmopei To ovoTnua va avTipetwmiosr S/I xaunAdéTepo kard
6dB). Av To diaTiBépevo eUpog Twvng civar To idlo Kal yia Ta dUo OUCTAUATA, TTOI0
Kdvel KaAUTepn XpAon Tou acUppdtou @dopatog, dnAadn, Tapéxel TEPIOTOTEPOUC
d1avAoug avd KUYEAn;

[Aravinon: To ovoTnua pe Kwdikomoinon wapéxel 1.3 @opéC mePICTOTEPOUC
dialAouc ava KuyéAn]

270 KUYeAwTd oUOThpa Tou XX. 6, e€mMTd KivnTd TeppaTikd (éva TeppdTiké oThv
KEVTPIKA KUWEAN 4 kal dAAa £€1 oTic opodiauAIKEG KUWEAEC ThG 4) xpnoigdoTroloUv
Tautoxpova Tov idio diauho. Adyw PAAGPNG oTov pnxaviopd SIamoPTAG TO KIVNTO ThG
KEVTPIKNG KUYEANG 4 cioépxeTal atnv 3 Xwpic va yivel diamoumn, evw n 10xX0UG
EKTIOUTING Tou aufdvel Xwpic €Aeyxo KaBw¢ ToUTO amopakpUveTdl amd Tov aTabuo
pdonc kair ouvexilel va mapapével ouvdedepévo 0 autov, He amoTéAesopa n 1axXUG
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EKTIOUTTNG Tou va eivar d1mAdold ThG 10XUo¢ Twv utoAoimwy £€1 opdodIaUAIKWY

TEPUATIKWY.

"o
e

2 xhpa 6

KaBopiote TNV TapepPoAn TTou TPoKaAei To UTOYN Teppartiké ota umdAoima £E1, aTn
duopevéaTepn mepimTwon (va eAeyxBolUv Ta Tpia XelpdTepa). Mmopeite  va
TPOCEYYIOETE TIC ATTOOTACEIC TWV TEPUATIKWY aTd To TAPEUPAAOV TePUATIKO, HE TIC
amooTACEIC TOUG ATt To KEVTPO ThG 3 oTnv omoia PpiokeTal To TapePPAAAOV TEPHATIKO.
Av To KaTweAl AsiToupyiag, 6go agopd Tov Adyo S/I, eivar 10 dB kai o ekBéTng
anwAeiwv d1adpopnc n = 4, o TTola ATOOTACH ToU TIPETTEl va TTAnaIdoel To TapePAAAov
TEPUATIKO TOV avTigToixo aTaBuod pdong yia va diakoTei h AsiToupyia Tou TAnoIEoTepa
EUPIOKOHEVOU aTrd Ta €1 TEPUATIKG;

[Aravinon: SIR; = 6.5 dB, SIR;; = 16 dB, x = 2.11R]

Ocwpolpe 300 opodiauAikoU¢ oTaBuoug¢ Pdonc A kai B mou améxouv petall Toug
améotach D. Kivntd Teppartikd m; mou e§umhpeTeital amé Tov A améxel amé auTov
améoTtaon d, evw éva dAho m; mou efumtnpeTeital amé Tov B PpiokeTal Kovrd ¢’ auTtov.
Kai Ta dUo TeppaTikda Ppiokovral péoa o omiTia. H Kepaia Tou ataBuou pdong éxer 6dB
HeyaAUTEPO KEPDOC ATTO €KEIVO TOU KIVATOU TEPUATIKOU, EVW N EKTTEUTTOUEVN 10XUC ATTO
Toug aTadpol¢ pdong civar 6dB peyaAlTepn améd ekeivh TWY KIVATWY TEPHATIKWY.

O ouvteAeoTAC amwAciwyv diadpopng eivar n = 4. H péon TR TnG 1oxUog Exel
AoyapiBuIKA-KavoVIKA Katavoun pe TUTIKA amékAion o = 10 dB. Kivntd TeppaTikd Tou
PpiokeTal péoa oe omiTi avrigyeTwmiler emmAéov e€aoBévion 6dB. TMa mapaoxeOei
TapadeKTA TTOIOTNTA UTtNPECIAC, ATTAITEITAI N Héan oTAOUN Tou onpartog va eivail kard 16
dB peyaAUtepn amdé Tn péon TIUA Twv mapedpoAwv. To oUoThpa XPhOIHOTIOIE
apgidpépnon xpovou (TDD).

OcwpoUpe Tov AGYo TNC MEONC TIUAC TOU ONUATOC TTPOC Th HéOoNn TIUA TG TapeUPOARG
oTtov oTaBué Pdong A. Tlpémer va PpeBei n péyioth amdéotaon d mou mpémel éva
TEPUATIKG va améxel amd Tov A, woTe o JEKTNG Tou A va Aaupdver S/T > 16dB pe
mBavoTnta 90%.

(a) OcwphoTte OTI UTdpXel TETOIOC OUYXPOVIOUOC, WOTE Ta TepuaTikd a kal P
peTadidouv Tnv idia xpovooxiouh. TToia gival n péyiotn améotach d ouvapTAdel Tou
D;

(B) OcwphnoTe O6TI 0 XPOVIOUOC gival TETOIOG, WOTE TO TEPHUATIKG @ Kal 0 aTaBUo6¢ Pdong
B petadidouv Tnv idia xpovooxioph. TToia civar n péyiotn améotach d ouvapTAoEl
Tou O;

() Zuykpivovrtag Ta amoTteAéapata Twy (a) kai (B), mpoTeiveTal AUoh yid Tov XpOVIGHO.

[Aravrnon: (a) d = 0.14D, (p) d° = 0.05D, (y) o ouyxpovioué¢ Tpémel va civai
TETOI0G, WOTE 6A0I o1 aTaBpoi Pdong va Aaupdvouv A va eKTEUTTOUV TAUTOXpova.]



423

424

4.25

Ocwpolpe 300 opodiauAikoUc oTaBuolg Ppdong A kar B mou améxouv petall Toug
amoéotaon D. KivnTé TeppaTtiké m; mou e€umnpeTeiTal amd Tov A améxel amoéoraon d
amod Tov A, evw éva dAAo m; Tou efumthpeTeital amd Tov B PpiokeTal kovTd atov B. Kai
Ta 600 Tepparikd Ppiokovral péoa ge omiTid. Ta UYn TWV KEPAIWY TwWV oTABUWY Pdong
givar 10 m kar Twv Kivhtwy 2 m. H kepaia Tou otaBpol pdong éxer 6dB peyaAUuTepo
KépOoC amd €KEIVO TOU KIVNTOU TEPHATIKOU, €VW h EKTEUTOHEVN 10XUC amd Toug
oTaBpol¢ Ppdong civar 6dB peyaAlTepn améd ekeivn TWV KIVATWY TEPUATIKWY.

O ouvteAeoTAC amwAeiwy 81adpodnc civar 7 = 3 Kal UTdpXEl €TMITTAEOV ouvIOTWaA
e€apTwpevn amo To H, déTou A givar o AOYOC TWV VYWV Twv Kepaiwyv. H péon Tipn The
10XU0C €xel AoyapIBUIKA-KAVOVIKA KATavouf pe TUTIKA amékAion o = 7 dB. Kivntd
TEPUATIKO TTOU PpiokeTal péoa o omiTi avTiyeTwmilel emmAéov e€aoBévion 6dB. Ma
TapaoxeOei TapadeKTh TMOIOGTNTA UTNPECIAC, ATTAITEITAI N Héon oTABWN ToUu oAPATOC va
givar katd 16 dB peyaAUtepn amdé Th péon TigR Twyv mapedpoAwv. To oloThua
xpnoigomolei apgidpopunon xpovou (TDD).

OcwpoUpe Tov Adyo ThC péoNnG TIUAGC ToU ORUATOC TTPOC Th Héan TIUA TG TTapeUPOARG
oTtov oTaBud Ppdong A. Tlpémer va PpeBei n péyioth amoéotaon d mou Tpémel éva
TEPUATIKO va améxel amd Tov A, woTe o 3EKTNG Tou A va AauPpdver S/I > 15dB pe
mOavoTnta 95%.

(a) Av umdpxel TETOIOC OUYXPOVIOUOC, WOTE TA TEPHATIKA m; Kal m, peTadidouv Thv
id1a XpovoaxIoun, TTold ival n HéyioTn amoéataon d ouvapThael Tou D;

(B) Av o Xxpovioudg cival TETOIOC, WOTE TO TEPUATIKO m; KAl o oTaBuoc Ppdonc B
peTadidouv Tnv idia xpovooxioun. TToia gival h yéyiotn améorach d ouvapTAcel Tou
D;

[Aravrnon: (a) d = 0.09 D, (p) d” = 7.8 x 1073D]

KuyeAwTd oUoThpa KIVATWY  E€MIKOIVWVIWY  XpnoidoTrolei  €€aywvikEC KUWEAEC
Xwplopéveg oe Topeic Twv 60°. Adyw Tou @aivopévou TnG okiaong, n Héon TIUA TG
oTdouncg 10xUo¢ Tou ORPATOC akoAouBei AoyapiOuIKA-KAVOVIKA KATAVOUR HE TUTIKA
amékAion o= 8 dB kai amdAuTtn péon TipA S, n omoia peTaPdAAeTal pe Tnv amdotaohn pe
ekOETN 7 = 4. O1 déKkTec ToU XpnaidotoioUvTal amd To oUoThud amaiTouv péon TIKA
onpaTo¢ peyaAUTtepn katd 15 dB amd tn péon mapeppoAn. TToiog eivar o €AdxioTog
amaiToUUEVOC OUVTEAEOTAG emavaxpnoigomoinong K, av o Adyoc S/I mpémer va
mapapével mdvw amd ta 15 dB yia to 95% Twv Teploxwy oTa épia TWV KUYEAWY;
Octwphote To S/ I povo otn LeUEn kaBddou umoBETovTag OTI TapeUPAAAel pévo n
TPWTN oeipd kuweAwv. (Aivetar 611 @ Q1.645) = 0.05).

[Amavtnon: K = 13]

Wnelakd oloTnpa KIVATWY ETIKOIVWVIWY gival EYKATEOTNHEVO OTNV AGTIKA TTEPIOXA TTOU
gaivetal ato ZX. 7. O1 araBuoi pdong civar TomoOeTnuévol oTIC d1ACTAUPWOEIC TWV
dpdpwy Kal XpnoigoToloUv Kepdie¢ e Téooepi¢ Topeic Twv 90° To diaTiBéuevo
OUVOAIKG gUpo¢ {wvng aTto ocvuoTnua cival B; = 20.8 MHz, xpnoigomoigitar aggidpopnon
ouxveTnTac pe padiodiatAouc eupoug Cwvng W = 200 kHz, kaBévag améd Toug omoioug
umtoaTnpilel 8 dialAoug Xphoth pe Biaipeon Xpovou. OcwpnaTe OTI £€XOUUE TTEPITIOU
TETPAYWVIKEG KUYEAEC Kal TTapePdAAouv o1 4 TTANCIE0oTEPEC OHOBIAUAIKEC KUWEAECG.

AGyw Tou @aivopévou ThG oOKiaong, n Héon TIHA TNC oTAOUNg 10XUoC Tou ORUATOC
akoAouBei AoyapiOuIKA-KAVOVIKA KATavouh pe TUTIKA amdkAion o = 7 dB kai amdAutn
péon TIWA S, n oTroia PETAPAAAETAI HE Thv amooTaon pe ekBETN 7 = 4. O1 dEKTEC TTOU
XPNoIgoToloUVTal amd To oUOThHA aTtaIToUv péon TIHA oAPATOC peyaAUTepn katd 12 dB
amoé Th péon mapepPoAn oTh XelpdTepn TepimTwaon. TTola givar h amédoon gdoparog, av
0 Aoyo¢ S/ I mpémel va tapapével mavw améd Ta 12 dB yvia to 95% Twv Tepioxwyv ota
opia Twv KuyeAwv kai GOS = 0.02; Ocwphate Tov Adyo S/ I pévo oth (evEn kaBodou
uTtoBéTovTag OTI TApeUPAAAEl HOVO N TPWTN Ocipd KUYeAWy. Ze KAOe Topéa o évag
diauAog xphoTtn xphoigoToleital yia onuatodoaia. (Aivetar 611 : (X1.645) = 0.05).
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[Aravinon: 4.43 erlang/MHz/km?]
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	(β) Για να μετριασθούν τα φαινόμενα της ομοδιαυλικής παρεμβολής, η ακτίνα των κυψελών της πρώτης λύσης είναι τέτοια, ώστε το σήμα που λαμβάνεται από οποιοδήποτε τερματικό και οφείλεται σε άλλον σταθμό βάσης να είναι κάτω από -150 dBm. Αν κάθε δέκτης λαμβάνει σήμα 1mW σε απόσταση d = d0 = 1m από τον πομπό, να καθοριστεί η μέγιστη ακτίνα των κυψελών στη λύση αυτή. Ποιος θα πρέπει να είναι ο περιορισμός για την παρεμβολή στη δεύτερη λύση, ώστε να έχουν οι κυψέλες την ίδια μέγιστη ακτίνα; 
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