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reziume 

 mobiluri radiokavSiris qseli warmoadgens mudmivad 

ganviTarebad struqturas. axali arxebis mocva, momsaxurebaTa 

nakrebis gafarToeba da momxmareblebisaTvis maTi 

xelmisawvdomobis gazrda astimulireben saabonento bazis 

matebas, rac Tavis mxriv, moiTxovs qselis tevadobis 

gafarToebasa da qselis mowyobilobebis muSaobis procesis 

awyobas. 

 radioqselis resursebis marTvis problemas gaaCnia didi 

praqtikuri mniSvneloba. GSM standartis komerciul qselTa 

eqspualataciisa da ganviTarebis gamocdilebam damajereblad 

gviCvena, rom mowyobilobebis muSaobis reJimebis swori arCevani 

da qseluri parametrebis saguldaguli awyoba warmoadgens 

operatoris warmatebuli muSaobis aucilebel pirobas. kavSiris 

didi gantotebuli qselis resursebis efeqturi marTva moiTxovs 

Sesabamisi meTodebisa da algoriTmebis gamoyenebas, maTi maRali 

xarisxis avtomatizaciis SesaZleblobiT. amrigad, am 

sadisertacio naSromis Tema aqtualuria. 

naSromis mizani mdgomareobs GSM standartis mobiluri 

radiokavSiris qselTa abonentebis momsaxurebis xarisxis 

amaRlebaSi. 

mecnieruli amocana mdgomareobs GSM standartSi 

radioqselis marTvis algoriTmebis SemuSaveba qselis muSaobis 

Sesaxeb statistikuri monacemebis gamoyenebiT. 

mecnieruli amocanis amoxsnisas gamoyenebuli iqna 

albaTobisa da statistikis Teoriis, masobrivi momsaxurebis 

Teoriis, radiotalRebis gavrcelebis Teoriis maTematikuri 

aparati, agreTve, maTematikuri modelirebis meTodebi da 

eqsperimentuli kvlevebi. 
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disertacia Sedgeba Sesavlisagan, oTxi Tavisagan, daskvnisagan. 

pirvel TavSi mocemulia GSM standartis mobiluri 

radiokavSiris fiWuri sistemebis zogadi daxasiaTeba, 

warmoebulia monacemebis gadacemis teqnologiaTa mimoxilva da 

ganxilulia abonentebis momsaxurebis xarisxisadmi wayenebuli 

moTxovnebi. Catarebulia GSM standartis mobiluri 

radiokavSiris qselTa funqcionirebis efeqturobis amaRlebis 

problemebis analizi. formulirebulia moTxovnebi radioqselis 

resursebis marTvis algoriTmebisadmi. ganxilulia funqciuri 

amocanebi, romlebic iWreba mobiluri radiokavSiris qselis 

ganviTarebaze gadawyvetilebis miRebis procesSi. gansazRvrulia 

radioqselis mdgomareobis maxasiaTebeli maCveneblebis saWiro 

nakrebi. 

meore TavSi SemuSavebulia maTematikuri modeli, romelic 

akavSirebs qselis muSaobis xarisxis mis saeqspluatacio 

maxasiaTebelTan da saabonento datvirTvasTan. miRebulia 

analitikuri gamosaxulebebi, romlebic gamoZaxebis blokirebis 

albaTobas, Sidasistemuri xelSeSlebis dones da speqtrul 

efeqturobas akavSireben saabonento datvirTvis moculobasa da 

xasiaTTan. Catarebulia signali/xelSeSlebis fardobis Sefaseba 

trafikis da marTvis arxebSi mimReb-gadamcemi mowyobilobis 

muSaobis reJimebis gaTvaliswinebiT. warmoebulia radioqselis 

muSaobis pirobebis analizi saabonento datvirTvis, 

aparaturuli da sixSiruli resursebis sxvadasxva 

Tanafardobisas; gamoyofilia qselis mdgomareoba ZiriTadi 

gradaciebiT. 

mesame TavSi SemoRebulia GSM 900/1800 TanamimarTuli 

sqtorebis saabonento datvirTvis balansis cneba. agebulia GSM 

900/1800 TanamimarTuli seqtorebis Soris xmovani trafikis 

gadasvlis maTematikuri modeli, romelic saSualebas gvaZlevs 

gamoviangariSoT qseluri parametrebis mniSvnelobebi, romelTa 
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dros trafiki balansirebuli iqneba. SemuSavebulia Sesabamisi 

gamoangariSebis meTodi da aRebulia GSM 900/1800 TanamimarTuli 

seqtorebis xmovani trafikis marTvis algoriTmi, romelic 

eyrdnoba BSS qvesitemis qselur statistikas. aRwerilia GSM 

900/1800 TanamimarTuli seqtorebis Sereuli xmovani da paketuri 

trafikis marTvis amocanaSi SemuSavebuli meTodis gamoyenebis 

principi; miRebulia ZiriTadi saangariSo Tanafardobebi. 

formulirebuli da dasabuTebulia rekomendaciebi xmovani, 

paketuri da sasignalo (SDCCH) trafikis ganawilebaze GSM 

900/1800 ordiapazonian qselSi. 

  meoTxe TavSi SemoRebulia fiWebis gadafarvis donis cneba. 

SemuSavebulia GSM qselebSi mezobeli fiWebis siaTa formirebis 

meTodika. miRebulia analitikuri gamosaxulebebi qseluri 

anaTvlebis safuZvelze seqtorebs Soris mezobeli fardobebis 

efeqturobis Sesafaseblad. SemuSavebulia mezobeli fiWebis 

siaTa optimizaciis algroiTmi BSS qvesistemis qseluri 

statistikis gamoyenebiT da mezobeli fardobebis dayenebaze an 

mocilebaze fiW-kandidatebis gadafarvis donis analizis 

gamoyenebiT. algoriTmi iTvaliswinebs GSM-900/1800 Sreebis 

arqiteqturas, dagegmvis meTodebs da trafikis marTvis meTodebs, 

romlebic miRebulia radioqselSi. dawvrilebiTaa aRwerili 

gamotovebuli NR- is damatebisa da uefeqtoebis mocilebis 

procedurebi. 

   dasacavad gamotanilia Semdegi samecniero Sedegebi: 

GSM standartis mobiluri radiokavSiris qselis maTematikuri 

modeli, romelic qselis muSaobis xarisxis maCveneblebs 

akavSirebs mis saeqspluatacio maxasiaTeblebTan da saabonento 

datvirTvasTan. 
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1. GSM standartis mobiluri radiokavSiris qselebSi 

radioresursebis marTvis algoriTmebi, romlebic 

dafuZnebulia qseluri anaTvlebis Sedegebze. 

2. GSM qselebSi mezobeli fiWebis siaTa formirebis 

meTodika, qselis arqiteqtura, misi dagegmvisa da trafikis 

marTvis meTodebis gaTvaliswinebiT. 

  naSromis Sedegebi danergilia Sps “mobitelis” praqtikul 

saeqspluatacio-teqnikur saqmianobaSi. 

 

 

Abstract 

 The network of a mobile communication is constantly developing structure. 

Coverage of new areas, expansion of a set of services and increase of availability them 

for users stimulates a gain of subscriber base that, in turn, demands expansion of 

network capacity and control of operating modes of the network equipment. 

 The problem of resource management of a radio network has the big practical 

importance. Operating experience and developments of commercial networks of the 

GSM standard convincingly showed that the right choice of operating modes of the 

equipment and careful control of network parameters is necessary conditions of 

successful work of the operator. Effective management of resources of a big extensive 

network of communication demands use of the corresponding methods and algorithms 

with possibility of high extent of their automation. Thus, the subject of the real 

dissertation work is actual. 

 The purpose of work consists in improvement of quality of service of 

subscribers of networks of a mobile communication of the GSM standard. 

 The scientific task consists in development of algorithms of management by a 

GSM standard radio network with use of statistical data on network functioning. 
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 At the solution of a scientific task the mathematical apparatus of the theory of 

probability and statistics, the theory of mass service, the theory of distribution of radio 

waves, and also methods of mathematical modeling and a pilot study was used. 

 The thesis consists of the introduction, four heads, the conclusion and 

appendices. 

In chapter 1 the general characteristic of cellular systems of a mobile 

communication of the GSM standard is given, the review of technologies of data 

transmission is executed and requirements imposed to quality of service of subscribers 

are considered. The analysis of a problem of increase of efficiency of functioning of 

networks of a mobile radio communication of the GSM standard is carried out. 

Requirements in algorithms of resource management of a radio network are 

formulated. The functional tasks solved in decision-making process on development 

of a network of a mobile radio communication are considered. The necessary set of 

indicators characterizing a condition of a network is defined. 

In chapter 2 the mathematical model connecting indicators of quality of 

network functioning with its operational characteristics and subscriber loading is 

developed. Are received the analytical expressions connecting probability blocking of 

a call, level of intrasystem noice and spectral efficiency with a volume and character 

of subscriber loading. The relation assessment a signal/noice in traffic and 

management channels from the accounting of operating modes of the transmit-receive 

equipment is carried out. The analysis of operating conditions of a radio network is 

made at various ratios of subscriber loading, hardware and frequency resources the 

main gradation of a condition of a network are allocated. 

In a chapter 3 the concept of balance of subscriber loading the codirected of sectors of 

GSM 900/1800 is entered. The mathematical model of transition of a voice traffic 

between codirected sectors of GSM 900/1800, allowing to calculate values network 

parameters at which the traffic will be balanced is constructed. The method of the 

corresponding calculation is developed and the algorithm of management by a voice 

traffic of the codirected sectors GSM 900/1800 relying on network statistics of a 

subsystem of BSS is constructed. The principle of use of the developed method in a 

problem of management mixed voice and package a traffic of the codirected sectors of 
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GSM 900/1800 is described, the main settlement ratios are received. 

Recommendations about distribution voice, package, and signaling traffic in dual-

band networks are formulated and reasonable. 

 In chapter 4 the concept of level of overlapping of neighbor cells is entered. 

The technique of formation of lists of the neighbor cells in the GSM networks is 

developed. Analytical expressions for an assessment of efficiency of the neighbour's 

relations between sectors on the basis of network measurements are received. The 

algorithm of optimization of lists of the next neighbor with use of network statistics of 

a subsystem of BSS and application of the analysis of level of overlapping of 

candidate neighbor on establishment or removal of the neighbour's relations is 

developed. The algorithm considers architecture of layers of GSM 900/1800, methods 

of planning and methods of control over a traffic, acceptance in a radio network. 

Procedures of addition passed and removals of inefficient NR are in detail described. 

Appendices contain the mathematical calculations used at creation of 

mathematical models and expression, used subsystems of BSS, when processing 

results of measurements. 

The following scientific results are submitted for protection 

1 . Mathematical model of a network of a mobile radio communication of the GSM 

standard, connecting indicators of quality of network functioning both its operational 

characteristics and subscriber loading. 

2 . Algorithms of management of radio resources in GSM mobile networks, based on 

results of network measurements. 

3 . Technique of formation of lists of the next neighbor in the GSM networks, taking 

into account architecture of a network, methods of its planning and traffic control. 

Results of work are introduced in Mobitel's practical operational and technical 

activities. 
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 miRebuli Semoklebebi da aRniSvnebi 

igs – izotopurad gamosxivebadi simZlavre 

Ss – SemTveviTi sidide 

ksmo – kavSiris sistema mobiluri obieqtidan 

uds – udidesi datvirTvis saaTi 

stg – sixSirul – teritoriuli gegma 

elS – eleqtromagnituri SeTavsebadoba 

 

ინგლისურენოვანი 

AMR (Adaptive Multirate) - adapturi multiCqarosnuli kodeki 

BAL (BCCH allocation list) - BCCH arxebis sia 

BCC ( base station color code) - sabazo sadguris ferTa kodi 

BCCH (broadcast control channel) - logikuri samauwyeblo marTvis 

arxi 

BSC (base station controller) - sabazo sadgurebis kontroleri 

BS (base transceiver station)- sabazo sadguri 

BSS (base transceiver station) - sabazo sadgurebis qvesisteba 

CF (channel finder) - sixSiruli arxebis skaneri 

CS (circiuit swich) - arxebis komutacia 

DAC (defined adjacent cell) - qselis statistika mezobeli fiWebis 

mixedebiT  

FR (full rate) - srulsiCqariani reJimi 
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HR (half rate) - naxevarsiCqariani reJimi 

KPI (key performance indications) - xarisxis ZiriTadi maCveneblebi 

MOS (mean opinion score) - saSualo Sefaseba 

MR (measurement report) - anaTvlebis monacemebi 

MS (mobile station) - mobiluri sadguri 

NCC (network color code) - qselis ferTa kodi 

NR (neighbor relations) - qselis seqtorebis mezoblebze 

damokidebuleba 

OSS (operating and support subsystem) - marTvisa da daxmarebis 

qvesistema 

PS (packet switch) - paketebis komutacia 

RTSL (radio time slot) - radiotaimsloti 

QoS (quality of service) - momsaxurebis xarisxi 

SACH (slow associated control channel) - neli SeRwevis marTvis arxi 

SDCCH (stand- alone dedicated control channel) - gamoyofili marTvis 

arxi 

 SFH (slow frecuency hopping) - sixSiris neli naxtomiseburi 

gardaqmna 

TBF (temporary block flow) - blokebis droebiTi nakadi 

TCH (fraffic channel) - trafikis arxi 

TRX (transceiver) - mimReb gadamcemi 

VAD (voice activity detector) - saubris aqtivobis deteqtori 
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Sesavali 

 mobiluri radiokavSiris qseli warmoadgens mudmivad 

ganviTarebad struqturas. axali arxebis mocva, momsaxurebaTa 

nakrebis gafarToeba da momxmareblebisaTvis maTi 

xelmisawvdomobis gazrda astimulireben saabonento bazis 

matebas, rac Tavis mxriv, moiTxovs qselis tevadobis 

gafarToebasa da qselis mowyobilobebis muSaobis procesis 

awyobas. 

 radioqselis resursebis marTvis problemas gaaCnia didi 

praqtikuri mniSvneloba. GSM standartis komerciul qselTa 

eqspualataciisa da ganviTarebis gamocdilebam damajereblad 

gviCvena, rom mowyobilobebis muSaobis reJimebis swori arCevani 

da qseluri parametrebis saguldagulo awyoba warmoadgens 

operatoris warmatebuli muSaobis aucilebel pirobas. kavSiris 

didi gantotebuli qselis resursebis efeqturi marTva moiTxovs 

Sesabamisi meTodebisa da algoriTmebis gamoyenebas, maTi maRali 

xarisxis avtomatizaciis SesaZleblobiT. amrigad, am 

sadisertacio naSromis Tema aqtualuria. 

naSromis mizani mdgomareobs GSM standartis mobiluri 

radiokavSiris qselTa abonentebis momsaxurebis xarisxis 

amaRlebaSi. 

mecnieruli amocana mdgomareobs GSM standartSi 

radioqselis marTvis algoriTmebis SemuSaveba, qselis muSaobis 

Sesaxeb statistikuri monacemebis gamoyenebiT. 

mecnieruli amocanis amoxsnisas gamoyenebuli iqna 

albaTobisa da statistikis Teoriis, masobrivi momsaxurebis 

Teoriis, radiotalRebis gavrcelebis Teoriis maTematikuri 

aparati, agreTve, maTematikuri modelirebis meTodebi da 

eqsperimentuli kvlevebi. 
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disertacia Sedgeba Sesavlisagan, oTxi Tavisagan, 

daskvnisagan. pirvel TavSi mocemulia GSM standartis mobiluri 

radiokavSiris fiWuri sistemebis zogadi daxasiaTeba, 

warmodgenilia monacemebis gadacemis teqnologiaTa mimoxilva 

da ganxilulia abonentebis momsaxurebis xarisxisadmi 

wayenebuli moTxovnebi. Catarebulia GSM standartis mobiluri 

radiokavSiris qselebis funqcionirebis efeqturobis amaRlebis 

problemebis analizi. formulirebulia moTxovnebi radioqselis 

resursebis marTvis algoriTmebisadmi. ganxilulia funqciuri 

amocanebi, romlebic wamoiWreba mobiluri radiokavSiris qselis 

ganviTarebaze gadawyvetilebis miRebis procesSi. gansazRvrulia 

radioqselis mdgomareobis maxasiaTebeli maCveneblebis saWiro 

nakrebi. 

meore TavSi SemuSavebulia maTematikuri modeli, romelic 

akavSirebs qselis muSaobis xarisxs mis saeqspluatacio 

maxasiaTebelTan da saabonento datvirTvasTan. miRebulia 

analitikuri gamosaxulebebi, romlebic akavSirebs gamoZaxebis 

blokirebis albaTobas, Sidasistemuri xelSeSlebis dones da 

speqtrul efeqturobas akavSireben saabonento datvirTvis 

moculobasa da xasiaTTan. Catarebulia signali/xelSeSlebis 

fardobis Sefaseba trafikis da marTvis arxebSi mimReb-gadamcemi 

mowyobilobis muSaobis reJimebis gaTvaliswinebiT. warmoebulia 

radioqselis muSaobis pirobebis analizi saabonento datvirTvis, 

aparaturuli da sixSiruli resursebis sxvadasxva 

Tanafardobisas; gamoyofilia qselis mdgomareoba ZiriTadi 

gradaciebiT. 

mesame TavSi SemoRebulia GSM 900/1800 TanamimarTuli 

sqtorebis saabonento datvirTvis balansis cneba. agebulia GSM 

900/1800 TanamimarTuli seqtorebis Soris xmovani trafikis 

gadasvlis maTematikuri modeli, romelic saSualebas gvaZlevs 

gamoviangariSoT qseluri parametrebis mniSvnelobebi, romelTa 
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dros trafiki balansirebuli iqneba. SemuSavebulia Sesabamisi 

gamoangariSebis meTodi da aRebulia GSM 900/1800 TanamimarTuli 

seqtorebis xmovani trafikis marTvis algoriTmi, romelic 

eyrdnoba BSS (BSS (base transceiver station)- sabazo sadgurebis 

qvesisteba) qvesitemis qselur statistikas. aRwerilia GSM 

900/1800 TanamimarTuli seqtorebis Sereuli xmovani da paketuri 

trafikis marTvis amocanaSi SemuSavebuli meTodis gamoyenebis 

principi; miRebulia ZiriTadi saangariSo Tanafardobebi. 

formulirebuli da dasabuTebulia rekomendaciebi xmovani, 

paketuri da sasignalo (SDCCH- gamoyofili marTvis arxi) 

trafikis ganawilebaze GSM 900/1800 ordiapazonian qselSi. 

meoTxe TavSi SemoRebulia fiWebis gadafarvis donis cneba. 

SemuSavebulia GSM qselebSi mezobeli fiWebis siaTa formirebis 

meTodika. miRebulia analitikuri gamosaxulebebi qseluri 

anaTvlebis safuZvelze seqtorebs Soris mezobeli fardobebis 

efeqturobis Sesafaseblad. SemuSavebulia mezobeli fiWebis 

siaTa optimizaciis algroiTmi BSS qvesistemis qseluri 

statistikis gamoyenebiT da mezobeli fardobebis dayenebaze an 

mocilebaze fiW-kandidatebis gadafarvis donis analizis 

gamoyenebiT. algoriTmi iTvaliswinebs GSM-900/1800 Sreebis 

arqiteqturas, dagegmvis meTodebs da trafikis marTvis meTodebs, 

romlebic miRebulia radioqselSi. dawvrilebiTaa aRwerili 

gamotovebuli NR (neighbor relations)- qselis seqtorebis mezoblebze 

damokidebuleba) - is damatebisa da uefeqtoebis mocilebis 

procedurebi. 

  dasacavad gamotanilia Semdegi samecniero Sedegebi: 

1. GSM standartis mobiluri radiokavSiris qselis 

maTematikuri modeli, romelic qselis muSaobis xarisxis 

maCveneblebs akavSirebs mis saeqspluatacio 

maxasiaTeblebTan da saabonento datvirTvasTan. 
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2. GSM standartis mobiluri radiokavSiris qselebSi 

radioresursebis marTvis algoriTmebi, romlebic 

dafuZnebulia qseluri anaTvlebis Sedegebze. 

3. GSM qselebSi mezobeli fiWebis siaTa formirebis 

meTodika, qselis arqiteqtura, misi dagegmvisa da trafikis 

marTvis meTodebis gaTvaliswinebiT. 

  naSromis Sedegebi danergilia Sps “mobitelis” praqtikul 

saeqspluatacio-teqnikur saqmianobaSi. 
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Tavi 1.  GSM  standartis mobiluri radikavSiris 

qselTa funqcionirebis efeqturobis amaRlebis 

problemis analizi 

 

1.1. GSM standartis mobiluri radiokavSiris fiWuri 

sistemebis zogadi  daxasiaTeba 

80-ian wlebSi ETSI (telekomunikaciebis standartebis 

evropuli instituti) mier da miiRes 1989 wels, rogorc 

cifruli fiWuri kavSiris pirveli erTiani saerTo-evropuli 

standarti. 1992 wlidan daiwyo GSM qselebis gavrceleba 

evropaSi [3, 7, 9], xolo 1997 wlidan ki saqarTveloSi. GSM 

mobiluri radiokavSiris cifruli sistema arxebis sixSire-

droiTi gayofiT da sixSiruli dupleqsiT. GSM standartis 

sistemebis teqnikuri maxasiaTeblebi moyvanilia cxr.1.1-Si 

 

         cxrili1.1                                                       

               GSM standartis maxasiaTeblebi 

standarti GSM900 GSM-R E-GSM GSM1800 GSM1900 

sixSireebis 
samuSao 
diapazoni, 

MS-BS,mhc 

890-915 876-880 880-915 1710-1785 1850-1910 

sixSireebis 
samuSao 
diapazoni 

BS-MS,mhc 

935-960 923-925 925-960 1805-1880 1930-1990 
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Ddupleqsuri 
sixSiriani 

arxebis raodenoba. 

   124 

 

   20 

 

  174  374  300 

Aarxebis gayofa             sixSire-droiTi 

Aarxebis raodenoba 
gadamtanze 

                   8 

radioarxis 
sigane,khc 

                   200 

radioarxSi 
gadacemis 
siCqare,kbiti/wm 

 

                   271 

modulaciis saxe                                   GMSK 

saubris gadacemis 
siCqare,kbiti/wm 

                                13 

saubris kodirebis 
meTodi 

                    RPE-LTP,ACELP,VSELP 

 

 

GSM standartiT gaTvaliswinebulia oTxi cifris 

kodekebis gamoyenebis SesaZlebloba: es standartuli 

srulsiCqariani kodeki siCqariT 13 kbiti/wm (FR-Full rate), GSM 

kodeki gadacemis ganaxevrebuli siCqariT 6,5 kibiti/wm  (HR-Half 

rate), gaumjebesebuli srulsiCqariani kodeki (EFR-Enhanced full rate) 

gadacemis siCqariT 12,2 kbiti/wm da kodeki gadacemis adaptaciuri 

cvlilebiT miRebs mimdinare problemebisa da qselis tevadobis 

mixedviT (AMR-Adaptive multi-rate). HR-s gamoyeneba saSualebas 

gvaZlevs 16-mde gavzardoT trafikis arxebi raodenoba erT 

gadamtanze da operatorebs eZleva SesaZlebloba gazardon 

qselis gamtarunarianoba piks moRweuli datvirtvis saaTebSi. 

Mmiuxedavad amisa,  reJimis gamoyeneba mudmiv safuZvelze ar aris 
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mizanSewonili, radgan am dros uaresdeba saubris gadacemis 

xarisxi. 

  saqarTvelos teritoriaze GSM qselebi funqcionireben 

sixSireTa diapazonze 900 da 1800 mhc, agreTve E-GSM diapazonSi 

(cxrili 1.1). operatorisTvis gamoyofili sixSiruli resursis 

gonivruli gamoyeneba saSualebas gvaZlevs gavzardoT mobiluri 

radiokavSiris qselis funqcionirebis efeqturoba. Tumca 

saqarTveloSi GSM standartis sistemebiT radiosixSiruli 

resursis gamoyeneba dakavSirebulia mTel rig problemebTan, 

romlebic gamowveulia radiosixSireebis arasakmarisi 

raodenobiT.  

  xmovani trafikis gadacemis garda GSM qselebis operatorebi 

abonentebs sTavazoben monacemebis paketuri gadacemis 

momsaxurebebs GSM teqnologiebis gamoyenebiT. amasTanave, 

gadacemis prioritets irCevs operatori. rogorc wesi, 

dadgenilia xmovani trafikis prioriteti monacemebis winaSe, 

amitom gadacemis siCqare damokidebulia ara marto saabonento 

mowyobilobis SesaZleblobebze aramed qselis datvirTvazec. 

cxrilebSi 1.2-1.3 moyvanilia GSM/(E)GPRS [4, 3, 7] qselebSi 

monacemebis gadacemis siCqaris mniSvnelobebi paketuri trafikis 

gadacemis saxiT erTi radiotaimslotis gamoyofisas kodirebis 

sxvadasxva sqemebisTvis. TiToeuli sqema xasiaTdeba kodirebis 

siWarbiT da xelSeSlamdgradobiT.      

  arsebiTad GPRS/EDGE qseli warmoadgens datvirTul 

struqturas, romelic iyenebs saerTo arxis resurs GSM qseliT 

da moiTxovs gansakuTrebul yuradRebas dagegmisa da 

optimizaciisas. 
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                                                        cxrili 1.2                                                 

                     GPRS kodirebis sqemebi 

kodirebis sqema   Mmodulaciis 

saxe 

Mmonacemebis gadacemis 

maqsimaluri siCqare, kbiti/wm 

Cs1   GMSK        9.05 

Cs2   GMSK        13,4 

Cs3   GMSK        15,6 

Cs4   GMSK        21,4 

  

                                                          cxrili 1,3 

                    EDGE kodirebis sqemebi 

kodirebis sqema Mmodulaciis 

saxe 

Mmonacemebis gadacemis 

maqsimaluri siCqare,kbiti/wm 

MCS-9 8 PSK         59,2 

MCS-8 8 PSK         54,4 

MCS-7 8 PSK         44,8 

MCS-6 8-PSK         29,6 

MCS-5 8-PSK         22,4 

MCS-4 GMSK         17,6 

MCS-3 GMSK         14,8 

MCS-2 GMSK     11,2 

MCS-1 GMSK      8,8 
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1.2 GSM standartis qselebSi abonentebis momsaxurebis 

xarisxisadmi wayenebuli moTxovnebi   

 

abonentebis momsaxurebis xarisxis qveS (QoS - momsaxurebis 

xarisxi), ITU (International Telecommunication Union - telekomis 

saerTaSoriso gaerTianeba) gansazRvrebis Tanaxmad, igulisxmeba 

momsaxurebis parametrebisgan miRebuli jamuri efeqti, romelic 

gansazRvravs kavSiris momsaxureblis dakmayofilebis xarisxs. 

evropaSi QoS-sadmi moTxovnebis standartizacia tardeba ETSI-is 

[34, 38] mier, moTxovnebi GSM da 3G mobiluri kavSiris qselebSi 

yvelaze popularuli SeTavazebuli momsaxurebebis xarisxisadmi, 

agreTve, rekomendaciebi maTi Sefasebis kriteriumebis 

gansazRvraze da QoS-is gazomvis meTodebze aris teqnikur 

standartSi ETSI TS 102250 [37].  

  kavSiris momsaxurebebisadmi abonentis TvalsazrisiT SeiZleba 

gamovyoT oTxi ZiriTadi moTxovna: xelmisawvdomoba, kavSiris 

uwyvetoba, kavSiris damyarebis siCqare, saubris (monacemebi) 

gadacemis xarisxi. 

  damabolovebel momxmareblebs Soris saubris gadacemis 

xarisxis Sesamowmeblad Cveulebrivad, iyeneben saubris xarisxs 

subieqturi testebis meTods, romlis dros msmenelebi 

Sefasebebs iZlevian MOS (Mean Opinion Score) saSualo Sefaseba 

saeqsperto cxrilis mixedviT, cxrili 1.4. 
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                                                        cxrili 1.4. 

                           MOS  (ssS) skala  

    Sefaseba xarisxi     damaxinjeba 

      5  SesaniSnavi umniSvnelo 

      4 kargi SesamCnevi, magram 
ara gamaRizianebeli 

      3 saSualo odnav 
gamaRizianebeli 

      2 cudi gamaRizianebeli, 
magram ara 
momabezrebeli 

      1 aradamakmayofilebeli Zalze 
gamaRizianebeli 

  M 

momsaxureobis teqnikur aspeqtebze abonentebis saCivrebis 

analizi saSualebas gvaZlevs gavakeToT daskvnebi gadacemuli 

saubris aradamakmayofilebeli xarisxis, kavSiris gawyvetis, 

qselis ama Tu im ubanze kavSiris wyvetis Sesaxeb. 

  Tumca, pretenziebis warmoqmnis mizezebis aRmosafxvrelad 

subieqturi Sefaseba aSkarad ar aris sakmarisi. amitom 

moTxovnebi qselis QOS-sadmi mocemulia abonentis momsaxurebis 

xarisxis maCveneblebi. momsaxureobis sxvadasxva saxeobisTvis 

ricxviTi masaxasiaTeblis saxiT (cxriliT 1.5). 

D    
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abonentis momsaxureobis xarisxis maCveneblebi momsaxurebis  

sxvadasxva saxeobisaTvis         

cxrili 1.5. 

momsaxureba xarisxis indikatorebi xarisxis maCveneblebi 

telefoni   

wvdoma momsaxureobisadmi                                               

Mmomsaxurebis 

xelmisawvdomoba 

kavSiris damyarebis dro 

Mmomsaxurebis sisrule saubris gadacemis xarisxi 

Mmomsaxurebis uwyvetoba Ddasrulebuli 

gamoZaxebebis koeficienti 

P  paketuri 

   trafikis 

   gadacema 

wvdoma momsaxureobisadmi resursis TBF (blokebis 

droebiTi nakadi) 

gamoyofis blokireba 

TBF-resursebis 

moTxovnisas paketuri 

gadacemis arxebis 

gamoyofaze uaris  

(sxvadasxva mizeziT) 

procenti 

Mmomsaxureobisadmi 

sisrule 

sasargeblo datvirTvis 

moculoba  

(kbaiti),,zemiT”,,,qvemoT” 

paketuri gadacemis xarisxi 

taim-slotis 

gamtarunarianoba xazze 

qvemoT/zemoT  (kbiti/wm). 

 

 

 

Mmomsaxureobis uwyvetoba 
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    SMS wvdoma momsaxureobisadmi MMS kavSirebis 

warmatebuleba 

SMS momsaxureobis 

xelmisawvdomoba 

Mmomsaxureobebis sisrule wvdomis Seferxebis dro 

saboloo momxmareblebs 

Soris SMS gadacemis dro 

 

 Mmomsaxureobis uwyvetoba   SMS Sesrulebuli 

gadacemebis SeferxebiTi 

raodenoba qselSi arxebis 

komutaciiT 

 

MMS 

wvdoba momsaxureobisadmi warumateblad gadacemuli 

multimediuri Setyobinebebis 

SefardebiTi raodenoba 

Setyobinebis gadacemis dro 

Mmultimediuri 

Setyobinebebis warumatebeli 

arCevis  SefardebiTi 

raodenoba 

MMS-Setyobinebebis arCevis 

dro 

Setyobinebebis miwodebis dro 
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Mmomsaxureobis sisrule saboloo momsaxurebebis 

Soris MMS miwodebis dro 

Mmomsaxureobis uwyvetoba Mmultimediuri 

Setyobinebebis Sesaxeb 

warumateblad miwodebuli 

cnobebis SefardebiTi 

raodenoba 

MMS Sesaxeb Setyobinebebis 

SeCerebis dro 

saboloo momxmareblebs 

Soris warumateblad 

gadacemuli MMS SefardebiTi 

raodenoba 

 

  gansazRvrulia Semdegi normativebi kavSiris momsaxureobaTa 

xarisxis maCveneblebze (cxrili 1.6). 

cxrili 1.6. 

     normebi momsaxureobaTa xarisxis maCveneblebze 

# maCveneblis dasaxeleba Nnormalu

ri  done 

maRali done 

 

1 

warumatebeli gamoZaxebebis wili 

gamoZaxebebis saerTo raodenobidan, maT 

Soris:1.1. mobiluri kavSiris qselis 

abonentTan kavSiris damyarebisas 

 

    5% 

 

    3% 

fiqsirebuli qselis abonentTan 

kavSiris damyarebisas 

    2,5%    1,5% 

 

2 

im gamoZaxebebis wili, romlebic ar 

akmayofileben saubris gadacemis 

     5%    2% 
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xarisxis normativebs 

 

3 

im gamoZaxebebis wili, romlebic 

dasruldnen damyarebuli kavSiris  

gaTiSviT ara abonentis iniciativiT 

 

     5% 

 

   2% 

 

4 

im gamoZaxebebis wili,romlebic ar 

akmayofileben pasuxis signalis 

Seferxebis drois sididis normativebs  

pasuxis signalis Seferxeba  

    5% 

    

 8 wm 

   2 % 

    

   6 wm 

5 kavSiris aRdgenis koeficienti  

                                             

kavSiris aRdgenis dro                    

    5% 

 

2sT 

    2% 

 

    1sT 

6 Aarasworad tarificirebuli kavSirebis 

wili  

   0,1%     0,1% 

7  Mmomsaxureobis organizaciuli 

aspeqtebiT dakmayofilebis maCvenebeli  

    3%     1% 

8 momsaxureobis teqnikuri aspeqtebis 

dakmayofilebis maCvenebeli  

    3%     1% 

 

     normaluri done es is donea, romelic minimalurad saWiroa 

momsaxureobaTa xarisxis uzrunvelsayofad [15]; maRali done 

momsaxureobaTa xarisxis asamaRleblad rekomendirebuli donea. 

  xarisxis realuri teqnikuri maCveneblebi moqmed qselSi 

gamoiangariSeba qseluri statistikis analizisa da 

radioanaTvlebis Sedegebis safuZvelze. xarisxis maCveneblebis 

klasifikacia moyvanilia sqemaze nax 1.1. 
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N nax 1.1. xarisxis maCveneblebis klasifikacia 

 

1.3 moTxovnebi radioqselis resursebis marTvis algoriTmisadmi  

  viTvaliswinebT ra moTxovnebs abonentTa momsaxureobis 

xarisxisadmi, SeiZleba gamovyoT Semdegi funqciuri amocanebi, 

romlebic iWreba mobiluri radiokavSiris qselis ganviTarebaze 

gadawyvetilebis miRebis procesSi: 

1. qselis momsaxureobis zonaSi xarisxiani radiodafarvis 

uzrunvelyofa. 

2. qselis gamtarunarianobis gazrda. 

Aabonentis momsaxurebis 

xarisxis maCveneblebi 

xarisxis obieqturi 

maCvenebeli:miRebuli 

signalis done Rxlev, 

miRebuli signalis 

xarisxi RXQual-BER, 

dakarguli 

kavSirebis 

procenti, 

warmatebulad 

damyarebuli 

kavSirebis 

raodenoba, 

dakarguli kadrebis 

koeficienti, 

monacemebis 

gadacemis siCqare, 

hendoverebis 

warmatebuloba, 

signali/xelSeSla 

C/l 

xarisxis subieqturi 

maCveneblebi 

gamoZaxebebis 

blokireba 

kavSirebis gawyveta 

monacemebis 

gadacemis dabali 

siCqare saubrobs 

cudi xarisxi  (MOS) 

abonentebis 

saCivrebi 

 

 

radio 

anaTvlebi 

Qqseluri 

statistika  

(BSC) 
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3. momsaxureobis saWiro xarisxis uzrunvelyofa. 

  Aam amocanebis gadaWra xorcieldeba radioresursebis marTvis 

saSualebiT. arsebobs radioqselze operatoris zemoqmedebis ori 

ZiriTadi xerxi: 

1. “uxeSi “ cvliebebi sabazo mowyobilobis raodenobis, 

tipisa da konfiguraciis doneze: sabazo sadgurebis (BS) 

da fiWebis raodenoba, fiWebis konfiguracia (mimReb-

gadamcemis raodenoba), ss (sabazo sadguri) mowyobilobis 

tipi (simZlavre, gamtarunarianoba, da a.S.), antena–

fideruli mowyobilobebis parametrebi (antenebis tipi, 

azimutebi, daxris kuTxeebi da a.S.) da dizaini. mocemuli 

xerxi yvelaze efeqturia, magram yvelaze xarjiani 

2. M”msubuqi” cvlilebebi mowyobilobis muSaobis 

parametrebisa da sabazo sadguri-is qvesistemis (BSS) 

funqciurobis doneze: mowyobilobis muSaobis ZiriTadi 

parametrebis (gadamcemebis simZlavris, qselSi wvdomis 

donis da a.S) koreqcia, BSS damatebiTi funqciebis-HR 

CarTva da gamarTva, naxtomebi sixSireze (FH-frequency 

hopping) fiWebis dagrZeleba (extended cell) da a.S. mocemuli 

xerxi ufro xelmisawvdomia da farTod gamoiyeneba 

operatoris teqnikuri ganviTarebis biujetisgan 

damoukideblad. 

 radioresursebis marTvis algoriTmebis yvelaze maRali 

teqnikuri efeqturoba uzrunvelyofilia orive meqanizmis 

gegmazomieri gamoyenebiT. qselze zemoqmedebis xerxis arCevisas 

pirveli rigis amocanas warmoadgens QoS -is analizi (nax.1.2) 
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             ara  

                                                                                                                        

 

 

 

 

                                                                             ara 

 

 

 

 

 

 

 

nax. 1.2. QoS–is analizis algoriTmi GSM qselSi  

დასაწყისი 

საწყისი მონაცემების ანალიზი: 

1.ქსელის კონფიგურაცია  

(მოწყობილობის რაოდენობა, 

პარამეტრები) 

2. აბონენტების რაოდენობა 

3.მოთხოვნები QoS-სადმი 

 
ხარისხის სუბიექტური მაჩვენებლების ანალიზი 

ხარისხის ობიექტური მაჩვენებლების 

ანალიზი: 

1.რადიოგაზომვების შედეგები 

2.ქსელური სტატისტიკა 

QoS  შეესაბამება 

მოთხოვნებს? 

დასასრული 

ზღვრული  

მნიშვნელობე

ბი 

გაზომვის 

შედეგები 

ცუდი QoS-ის მიზეზების განსაზღვრა: 

1.დიდი სააბონენტო დატვირთვა 

2.გაუმართაობები რადიოინტერფეისში 

3.სატრანსპორტო ქსელის გაუმართაობები 

4.ქსელის წარუმატებელი კონფიგურაცია 

5. BSS   არასწორი   გამართვა 

 

 

 

 

რადიო რესურსების მართვის ალგორიტმი 

 (რადიოქსელის ოპტიმიზაცია) 
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  sawyis monacemebs, rogorc QOS-is analiziTvis, aseve qselis 

ganviTarebaze gadawyvetilebebis misaRebad warmoadgenen: 

1. konfiguraciis parametrebi (sixSiruli resursi, 

operatorisTvis gamoyofili  gamoyenebuli klasteris 

ganzomileba (fiWebis jgufis, romlis farglebSic 

erTidaigive sixSiruli arxebis ganmeorebiTi gamoyeneba 

dauSvebelia urTierTxelSeSlebis zRvruli donis 

gadametebis gamo) (S x K). 

2. xarisxis maCveneblebi (gamoZaxebis blokirebis albaToba 

Рb Sefardeba signali/xelSeSla C /I). tipiuri mniSvneloba 

zogadi moxmarebis kavSiris qselebisTvis Seadgens 2%. 

3. qselis funqcionirebis efeqturobis maCveneblebi (saerTo 

saabonento datvirTva qselze Tn speqtruli efeqturoba 

SE).  

qselis funqcionireba da xarisxis maCveneblebi 

ganisazRvreba radioanaTvlebis monacemebisa da qseluri 

statistikis safuZvelze. 

radiogazomvebs GSM/(E)GPRS qselebSi asruleben 

specializirebuli sazomi kompleqsebis gamoyenebiT. yvelaze 

xSirad operatorebi iyeneben Ericsson Tems, Nemo da sxva. 

kompleqsebs Tumca, draiv-testis formati ar iZleva saSualebas 

visaubroT gakeTebuli anaTvlebis statistikuri 

reprezentatiulobis Sesaxeb, amitom aseTi radioanaTvlebi, 

Cveulebriv, gamoiyeneba mxolod qselis mocvis zonis calkeul 

ubnebze momsaxureobis xarisxis problemebis miznobrivi 

diagnostikisaTvis. radioqselis marTvaze gadawyvetilebebis 

miRebisas unda gamoviyenoT ufro utyuari monacemebi, e.i. 

daveyrdnoT BSS qseluri statistikis monacemebs. 

momsaxureobis xarisxis TiToeuli maCvenebeli (cxrili 1.5) 

xasiaTdeba qselis muSaobis xarisxis erTi an ramdenime 
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maCvenebliT. xarisxis macveneblis struqtura arCeulia 

iseTnairad, rom aisaxos zaris sxvadasxva etapze qselTan 

kavSiris warumatebeli cdebis wili. 

qselis mwarmoeblurobis gansazRvrisaTvis da GSM qselSi 

“viwro” adgilebis gamovlenisTvis gamoiyeneba BSS indikatorebis 

ramdenime jgufi: 

xarisxis ZiriTadi maCveneblebi (KPI Key performance indicators) 

xarisxis teqnikuri maCveneblebi (PI – performance indicators) 

romlebic warmoadgenen KPI Semadgenel nawilebs; 

qseluri mricxvelebi 

KPI asaxaven qselis saerTo mdgomareobas da gankuTvnilni 

arian qselis funqcionirebis efeqturobis Sesafaseblad 

menejmentis poziciebidan. maT miekuTvnebaT im gamoZaxebebis 

wili, romlebic dasrulda Semdgari kavSiris gawyvetiT ara 

abonentis iniciativiT; saSualo intervali kavSiris gawyvetebs 

Soris, erlangze wyvetebis raodenoba da a.S. xarisxis teqnikuri 

maCvenebeli miekuTvneba qselis muSaobis nebismieri 

maxasiaTebeli, romelic gamoiyeneba sainJinro personalis mier 

qselis ganviTarebisa da eqspluataciis proceSi. 

Tavis mxriv, xarisxis yvela maCvenebeli eyrdnoba movlenaTa 

mricxvelebs, romelTagan TiToeuls aqvs saxelwodeba da 

sakuTari unikaluri nomeri marTvisa da daxmarebis qvesistemis 

monacemTa bazaSi (OSS – Operation and Support System). magaliTad, 

Alcatel BSS -Si xarisxis ZiriTadi maCveneblebi moyvanilia qvemoT: 
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 analizisTvis qseluri statistikis monacemebis SerCevisas 

mniSvnelovania sworad avarCioT anaTvlebis periodi. yvelaze 

mniSvnelovani is monacemebi, romlebic miRebulia qselis 

seqtorebis individualur uds (udidesi datvirTvis saaTi)-ebSi. 

amave dros, SeZlebisdagvarad, saWiroa amoviRoT ganxilvidan 

mezobeli bs-ebis droebiTi gamorTvebis, masobrivi RonisZiebebi 

da a.S. gamo trafikis anomaluri cvlilebebis periodebis 

statistika. 

 zemoT Tqmulis gaTvaliswinebiT, moTxovnebi 

radioresursebis marTvis algoriTmebisadmi SeiZleba 

Semdegnairad CamovayaliboT: 

1. qselis mimdinare mdgomareobis Sesafaseblad gamoyenebuli 

unda iqnes qseluri konfiguraciisa da statistikis 

aqtualuri monacemebi; 

2. qselis gamarTulobaTa Secvla etapobrivi unda iyos; 

3. saWiroa algoriTmebis avtomatizaciis maRali xarisxi; 

4. marTvis algoriTmebi unda iTvaliswinebdnen momsaxuroebis 

xarisxisa da qselis funqcionirebis efeqturobis 

parametrebis regionalur kontrols. 

 

CunSR 

CunSS

R 

CDR 

SDCDR TAFR TDR_R TDR_HO 

SDR_R SDR_HO SDR_OTH T_CONG TAFR_NC 

TDR OTH 



34 

 

1.4 radioresursebis marTvis ganzogadebuli algoriTmi 

 mobiluri kavSiris radioqselebSi erT-erTi yvelaze xSiri 

problemaa qselis calkeuli fiWebis gadatvirTva, mezobeli 

fiWebis dabali datvirTvis. am movlenis mizezi SeiZleba iyos 

didi saabonento gadatvirTva, radioqselis ara optimaluri 

konfiguracia, agreTve BSS–ebis arakoreqtuli awyoba. 

 am SemTxvevaSi vaxdenT radioresursebis marTvis 

ganzogadebuli algoriTmis saSualebiT qselis araTanabari 

datvirTvis problemis SesaZlo gadawyvetilelebis 

sistematizacias (nax. 1.3., 1.4.) 

 ZiriTad kriteriums fiWis konfiguraciis Secvlisas 

warmoadgens Tanafardoba fiWis tevadobas, saSualo saabonento 

datvirTvasa da uds trafikis mniSvnelobas Soris. 

 algoriTmi iTvaliswinebs zemoqmedebis ”mkacr” da ’rbili” 

xerxebis gamoyenebas. 

 moyvanili algoriTmi srulad asaxavs SesaZlo midgomebs 

qselis GSM radioresursebis marTvisadmi misi funqcionirebis 

efeqturobis zrdis mizniT. isini kargad arian cnobilni da 

aqtiurad gamoiyenebian operatorebis mier radioqselis 

optimizaciisas. Tumca, cxadia rom qselis gamarTva moiTxovs 

konkretuli radioqselis parametrebisadmi da adaptirebuli 

mTeli rigi kerZo algoriTmebis SemuSavebas. 

 HR reJimis CarTvis Sesaxeb gadawyvetilebis miRebis 

procedura unda xorcieldebodes mxolod fiWis CarTvis 

kriteriumebis safuZvelze (nax. 1.5.)  
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nax 1.5. fiWis konfiguraciis arCeva 

 

GSM 900/1800 qselSi trafikis balansis problemis gadaWris 

TvalsazrisiT yvelaze did interess warmoadgens BSS –s 

nawilSi hendoverebisa da wvdomis parametrebis gamarTvis gziT 

qselSi saabonento datvirTvis gadanawilebis SesaZleblobas, 

mocemuli amocana aratrivialuria, radgan saWiroebs mTeli rigi 

urTierTdakavSirebuli parametrebis regulirebas. 

amitom marTvisas gaTvaliswinebuli unda iqnes qselis 

muSaobis xarisxis ZiriTadi maCveneblis kavSiri mis 

saeqspluatacio maxasiaTeblebTan da saabonento datvirTvasTan, 

agreTve, maTze cvladi hendoverebisa da wvdomis parametrebis 

zemoqmedebis xasiaTi. 

გადატვირთვისას 

ვაწარმოოთ HR რეჟიმის 

ჩართვა 

დასაწყისი 

T=TBH 

T>TBH const 

გადატვირთვისას ვაწარმოოთ HR 

რეჟიმის ჩართვა 

ფიჭა შეიძლება 

მუშაობდეს FR 

რეჟიმში 

საჭიროა ფიჭის 

ტევადობის მკაცრი ზრდა 

მოწყობილობისა და ფიჭის 

პარამეტრების 

კონფიგურაცია 

დასასრული 
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  1.5. kvlevis amocanis dasma 

GSM standartis mobiluri radiokavSiris qselTa muSaobis 

efeqturi zrdis problemebis zemoT moyvanilma analizma 

migviyvana radioqselis resursebis marTvis qmediTi 

avtomatizirebuli algoriTmebis gamoyenebis aucileblobasTan. 

algoriTmebi maqsimalurad unda iyvnen adaptirebulni 

konkretuli radioqselis muSaobis pirobebisadmi da unda 

iyenebdnen utyuar Semaval monacemebs misi mimdinare 

mdgomareobis Sesaxeb, e.i. eyrdnobodnen qseluri konfiguraciis 

da statistikis monacemebs.  

aqedan gamomdinareobs sadisertacio naSromis samecniero 

amocanis aqtualuroba: GSM radioqselis marTvis meTodebisa da 

efeqtruri algoriTmebis SemuSaveba, romlebic dafuZnebulni 

arian qselis funqcionirebis Sesaxeb statistikuri monacemebis 

gamoyenebaze, da romlebic uzrunvelyofen momxmareblebisTvis 

mocemuli xarisxis momsaxureobebs SezRuduli aparatuli da 

sixSiruli resursebis pirobebSi, zogadi samecniero amocanis 

gadawyveta moiTxovs Semdegi kerZo amocanebis gadawyvetisas; 

1. maTematikuri modelis SemuSaveba, romelic 

qselis muSaobis xarisxis maCveneblebs akavSirebs mis 

saeqspluatacio maxasiaTeblebTan da saabonento 

datvirTasTan. 

2. sxvadasxva konfiguraciis GSM qselebSi 

Sidasistemuri xelSeSlebis donis Sefaseba. 

3. qseluri mdgomareobaTa analizi saabonento 

datvirTviT, Sidasistemuri xelSeSlebis donis, 

speqtruli efeqturobis da mowyobilobis gamoyenebis 

efeqturobis gaTvaliswinebiT. 

4. radioresursebis marTvis meTodebisa da 

algoriTmebis SemuSaveba, romlebic iTvaliswineben 

GSM 900/1800 kavSiris or-diapazoniani qselis 
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arqiteqturas, seqtorebis dagegmvasa da trafikis 

ganawilebis principebs. 

5. GSM 900/1800 seqtorebs Soris saabonento datvirTvis 

gadanawilebis meTodis SemuSaveba. 

6. GSM 900/1800 standartis radioqselSi mezobeli 

fiWebis siebis formirebis meTodis SemuSaveba. 
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Tavi 2. GSM standartis mobiluri radiokavSiris 

qselis maTematikuri modeli 

 

2.1. amocanis dasma 

  moTxovnebi mobiluri radiokavSiris qselis funqcionirebis 

efeqturobisadmi SeiZleba Semdegnairad iyos Camoyalibebuli: 

qseli unda uzrunvelyofdes maqsimalur tevadobasa da 

abonentTa momsaxureobis mocemul xarisxs teqnologiur 

mowyobilobaze minimaluri danaxarjebis dros. mobiluri 

radiokavSiris gamarTuli qselisTvis damaxasiaTebeli unda iyos 

gamoZaxebebis minimaluri blokirebebi da SedarebiT maRali 

speqtruli efeqturoba sixSireTa Tavisufali resursis 

ararsebobisas. 

  GSM standartis mobiluri radiokavSiris qselis muSaobis 

efeqturobis Sesafaseblad sawyisi monacemebis saxiT 

ganvixilavT: qselis sixSireTa samuSao zols ( , khc); 

sixSireTa arxis zolis siganes , 200khc); qselze saerTo 

saabonento datvirTvas ( , erl); qselSi fiWebis ricxvs ( ); 

gamoyenebuli klasteris (fiWebis jgufis, romlis farglebSi 

erTi da igive sixSireTa arxebis ganmeorebiTi gamoyeneba 

dauSvebelia urTierTxelSeSlebis zRvruli donis gadametebis 

gamo) zomas (S × K);  = 0  1 - trafikis wilia, romelsac 

emsaxurebian ganaxevrebuli siCqariT (half rate, HR). 

  Mmobiluri kavSiris TeoriaSi klasteris zoma miRebulia 

aRiniSnos S × K, sadac S - BS raodenobaa klasterSi, K - fiWebis 

raodenobaa klasterSi. yvelaze didi gavrceleba hpoves 

klasterebma seqtoruli antenebis gamoyenebiT: 3×9, 4×12, 7×21.  
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   GSM standartis radioqselis funqcionirebis efeqturobis 

ZiriTadi maxasiaTeblebia: 

1. fiWis trafiki uds –Si ; 

2. gamoZaxebis blokirebis albaToba ; 

3. fiWis speqtruli efeqturoba SE ; 

4. signali/xelSeSlis Sefardeba miRebisas (C / I). 

fiWis gaSualebuli trafiki uds –Si ganvsazRvroT 

             = ,                  (2.1) 

sadac  - jamuri saabonento datvirTvaa fiWebis individualur 

uds –Si (erl);  - fiWebis raodenobaa qselSi. 

  gamoZaxebis blokirebis albaToba damokidebulia trafikis 

arxebis raodenobaze ( ) fiWaSi, fiWis trafikze ( ), da 

Seesabameba erlang- B – s kanons [12]: 

                     =  ,                                           (2.2) 

trafikis arxebis raodenoba, Tavis mxriv, damokidebulia 

operatorisTvis gamoyofil sixSirul resursze ( ), klasterSi 

Semavali fiWebis raodenobaze (K) da kodekis muSaobis reJimze – 

srulsiCqarianze (FR) an naxevar-siCqarianze (HR). 

  im mimReb – gadamcemebis raodenoba, romlebic SeiZleba 

dayenebul iqnen fiWaSi:  

                     = ,                       (2.3) 

sadac  - qselis sixSireTa samuSao zoli (mhc);  - 

sixSireTa arxis zolis siganea (200 khc). 
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standartis Sesabamisad erTi sixSiris arxSi SeiZleba 

ganTavsebul iqnes 8 droiT fizikur arxamde, romlebic 

emsaxurebian marTvis logikuri arxebisa da trafikis gadacemas 

(erTi droiTi arxi iyenebs erT RTSL – radio time slot). BS mimReb – 

gadamcemi mowyobilobis muSaobisas srulsiCqarian (FR) reJimSi 

trafikis arxebis maqsimaluri raodenoba fiWaSi:  

                    = 8 ·  · k,                               (2.4) 

sadac k = 0, 8  0, 9 – sixSiris arxis gamoyenebis koeficientia – 

saabonento trafikis gadasacemad xelmisawvdomi RTSL wilia.   

fiWaSi naxevarsiCqariani arxebis gamoyenebisas RTSL –s 

nawili SeiZleba funqcionirebdes naxevarsiCqarian reJimSi 

(halfrate, HR). maSin trafikis arxebis maqsimalurad SesaZlo 

raodenoba iqneba   

 = int [  +  ·  ] = int [  · 8 · k (1 + ) ], 

(2.5) 

sadac  = 0  1 - trafikis wilia HR reJimSi; int [ ] – ricxvis 

mTeli nawilis gamoyofis operatoria. 

speqtruli efeqturoba (SE) damokidebulia qselis 

arqiteqturaze, radiogadamcemi mowyobilobis muSaobisa da 

sabazo sadgurebis qvesistemis (BSS) ama Tu im funqcionalobis 

gamoyenebis reJimebze. mobiluri radiokavSiris qselTa 

dagegmvisa da optimizaciis amocanebSi mizanSewonilia fiWis 

speqtruli efeqturobis mniSnelobiT (erl /mhc) operireba. 

                        SE  =   =                               (2.6) 

  (sixSiruli resursis gamoyenebis efeqturoba unda 

gamoviangariSoT qselis fragmentis doneze ara ganmeorebad 

sixSireTa arxebiT). speqtruli efeqturobis zrdas aRweven 
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sixSireTa arxebis ufro xSiri ganmeorebiTi gamoyenebiT. magram 

amave dros sixSireTa Zalze xSir ganmeorebiT gamoyenebas 

mivyavarT Sidasistemuri xelSeSlebis donis dauSvebel zrdamde 

da momsaxureobis xarisxis Semcirebamde. 

  Sidaqseluri emS (eleqtro magnitur SeTavsebuloba) ZiriTad 

maCvenebels warmoadgens Sefardeba signali/xelSeSla (C/I). 

sidide C/I damokidebulia sixSirul resursze, saabonento 

datvirTvaze, qselis arqiteqturaze, mowyobilobis parametrebze 

da SeiZleba warmodgenil iqnes zogadi funqciuri 

damokidebulebiT  

                  = f  (K;  ; ; )                                      (2.7) 

Tanafardobebi (2.1),  (2.2),  (2.6) da (2.7) qmnian gantolebaTa 

sistemas, romelic mTlianobaSi axasiaTebs, radioqselis 

funqcionirebis efeqturobas:  

 

                   =  

                    =                                                 (2.8) 

                   SE  =   =      

                    = f  (K;  ; ; )                                                                           

 

     avagoT GSM standartis radioqselis maTematikuri modeli, da 

davadginoT damokidebuleba  = f (K;  ; ; ). es saSualebas 

mogvcems erTmaneTs davukavSiroT sami ZiriTadi parametri: 

saabonento datvirTva, Sefardeba signali/xelSeSla da 

gamoZaxebis blokirebis albaToba. modeli dagvexmareba, agreTve, 
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xarisxianad SevafasoT qselis konfiguraciis gavlena miTiTebul 

parametrebze da speqtrul efeqturobaze. 

  amrigad, mocemuli Tavis amocanebs  warmoadgenen: 

1. radioarxis modelis arCeva da BS  MS (mobiluri sadguri) 

trasaze signalis neli miyuCebebisa da saSualo 

danakargebis ZiriTadi parametrebis dazusteba; 

2. DL  BS  MS mimarTulebiT Sidasistemuri xelSeSlebis 

maTematikuri modelis SemuSaveba; 

signali/xelSeSlis Sefardebis Sefaseba sxvadasxva saabonento 

datvirTvisas BCCH (logikuri samauwyeblo marTvis arxi)- da 

nonBCCH- SreSi miRebis dros;  

3. QoS  kriteriumebiT qselis mdgomareobaTa, xelSeSlebis 

donis, speqtruli efeqturobisa da mowyobilobis 

gamoyenebiT efeqturobis analizi. 

 

 

2.2.  qselis arqiteqtura sxvadasxva zomis klasterebis        

gamoyenebisas 

safuZvlad gamoviyenebT qsels idealuri heqkologiuri 

topologiiT: sabazo sadgurebi (BS) Tanabrad arian 

ganawilebulebi qselis farglebSi, mimReb–gadamcemebis (TRX- 

mimReb gadamcemi) raodenoba BS seqtorebSi  erTnairia, 

mowyobilobis parametrebi (gadamcemebis simZlavre, mimRebebis 

mgrZnobeloba, antenebis dakidebis simaRle) identuria qselis 

yvela BS – Tvis. abonentebis ganawileba qselis momsaxureobis 

zonaSi, Tanabradaa gadanawilebuli. 
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  nax. 2.1–2.3–ze warmodgenilia qselebis fragmentebi GSM 

standartis qselebSi gamoyenebuli tipiuri klasterebis 

safuZvelze. fiWebi erTnairi nomrebiT (nax. 2.1–2.3) iyeneben 

erTnairi sixSiris BCCH da nonBCCH [86] arxebs. es saSualebas 

gvaZlevs visaubroT sixSiruli arxebis im jgufebze, romlebic 

Seadgenen BCCH da nonBCCH Ddiapazonebs. 

 

 

 

 

 

 

 

 

 

 

                     

 

 

nax 2.1. klasteri 4x12 
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nax. 2.2. klasteri 3×9         

 

           

 

 

 

 

 

 

 

 

 

nax 2.3. klasteri 7x21 

  6   4 

  5   9 

  8 

   6   4 

  5 

  3 

  7   5 

    4   6 

  8 

  9   7   9 

  3   8   3 

  7 

1 

1 1 

  5 

  4   6  

  3 

  11 

  8   10   12 

  13   7   9   20 

  21   15   17 

  5 

  6   11 

   9  20   3   8   10  12 

  5   19 

  15 

  18   16   11   4   6  

  3   8   10   12    4 

  13   7 

  14   17  19   21   13   7   9   20 

  16 

  14 

  18   15   14   19 17   21 

 16  18 

 

1 

1 

1 



45 

 

 

a)  v 1 :   =    =  6.557 r ;  =  7 r                    b)  v 2 :   =    = 8.718 

· r ;   = 7 r     

nax. 2.4. 4×12 mezobeli klasterebis Sepirapirebis xerxebi (MS0 

fiWis centrSi)      

 

    

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

 

 

 

 

 

 

 

 

 

 

     nax. 2.5. xelisSemSleli fiWebis SeuRleba klasterSi 4× 12 
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  naxazebidan Cans, rom 3×9 da 7×21 zomisa ZiriTad 

xelisSemSlel zemoqmedebas axdenen ori mezobeli klasteris 

fiWebi; 4×12 zomisas ZiriTad xelisSemSlel zemoqmedebas axdens 

3 xelisSemSleli fiWa. garda amisa, klasterSi 4×12 manZili Ms-

dan xelisSemSlel BS – mde ( , , ) damokidebulia 

klasterebis Sepirapirebis xerxsa (nax. 2.4) da konkretuli fiWis 

antenis azimutze (nax. 2.5). nax. 2.5-ze jvaredinad daStrixulia 

momsaxure fiWebi sxvadasxva azimutebiT -  da , xolo 

sxvadasxva mimarTulebis diagonaluri daStrixviT aRniSnulia 

 da  - Tvis xarvezsaSiSi seqtorebi abonentebisTvis. 

  manZilebi ganxilul mobilur sadgursa ( ) da 

xelisSimSlel sabazo sadgurebs ( , ) sxvadasxva tipis 

klasterebisTvis moyvanilia cxril 2.1-Si. Uunda aRiniSnos, rom 

cxril 2.1-is monacemebi samarTliania mxolod gamoyenebuli 

modelis farglebSi, realur qselSi ki manZilebi BS da 

seqtorebis azimutebs Soris iqneba mniSvnelovanwilad 

SemTxveviTi.                                                       

cxrili 2.1. 

klasteris 

tipi 

 fiWis kide ( = 2 )  fiWis centri ( = r) 

  3×9 =  = 7· r =  = 6.08 · r 

  7×21 =  = 9.849· r =  = 8.888 · r 

  4×12 v1 = = 7.211 · r; = 8 r = =6.517r; = 7 r 

  4×12 v2 = 9.539 · r; = 8 r = =8.718 · r; = 7 r 
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aq r – manZilia BS- dan fiWis geometriul centramde; - manZilia 

 da momsaxure ,  da  Soris, Sesabamisad; v1 da v2 - 

4×12 tipis klasterebis Sepirispirebis xerxebia (nax. 2.4). 

  modelirebis procesSi unda Sefasdes maxasiaTeblebis 

damokidebuleba gamoyenebuli klasteris tipze. 

 

 

2.3. radioarxis maTematikuri modeli. 

  mobiluri radiokavSiris qselis modelirebis Sedegebis 

samarTlianoba mniSvnelovanwilad damokidebulia signalis 

gavrcelebis garemos maxasiaTeblebisadmi da standartSi 

miTiTebuli mowyobilobis muSaobis parametrebisadmi 

radioarxis gamoyenebuli modelis adeqvaturobaze. GSM 

standartis mobiluri radiokavSiris sistemaSi gavrcelebis 

garemom SeiZleba moaxdinos Semdegi zemoqmedeba gadacemul 

radiosignalze: 

- saSualo danakargebi (Sesusteba) gavrcelebis trasaze BS  

MS;  

- neli miyuCebebi, romlebic ganpirobebulia gavrcelebis 

trasis daCrdilviT adgilis bunebrivi reliefiT, 

ganaSenianebiT, mcenareulobiT da a.S.; 

- swrafi miyuCebebi, romlebic ganpirobebulia mravalsxivuri 

gavrcelebiT, Seferxebis drois, sawyisi fazisa da 

miRebuli signalis calkeuli mravalsxivuri komponentebis 

dopleriseuli gadanacvlebis SemTxveviTobiT [52]. 

gadasWreli amocanebis CarCoebSi umTavresi 

mniSvneloba aqvT zemoqmedebis pirvel 2 tips. amitom 

radioarxis modelis gamartivebis mizniT misi 

sizustisTvis zianis miyenebis gareSe ganxilvidan 
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amoviRebT signalis swraf miyeCebebs misi miRebisas. 

radioarxis struqturuli sqema naCvenebia nax. 2.6-ze. 

 

 

 

 

                        

                      PLPL                        

nax. 2.6. miwiszeda mobiluri kavSiris arxSi saSualo 

danakargebisa da neli miyuCebebis eqvivalenturi sqema 

  saSualo danakargebi (PL) da neli miyuCebebi ( ) 

ganisazRvrebian gavrcelebis trasis struqturiT, da maTi 

statistikuri maxasiaTeblebi sustad icvlebian qselis 

momsaxureobis zonis SedarebiT didi ubnebis farglebSi. 

Sesabamisad ganvixilavT signalis nel Sesustebebs rogorc 

mimRebis axlo zonaSi ( ) da mimRebis Soreul zonaSi 

( ) gavrcelebis garemos gavlenis Sedegs. Sesabamisad imisa, 

kavSiris Tu romeli arxi ganixileba, daRmavali (BS  MS) Tu 

aRmavali (MS  BS), axlo zonas SeiZleba warmoadgendes 

lokaluri zona MS an BS maxloblad, Sesabamisad. saSualo 

danakargebisa da neli miyuCebebis multiplikaciuri zemoqmedebis 

produqts warmovadgenT namravliT 

L = PL - FL = PL × FLnear × FLfar                                                              (2.9) 

  viRebT mxedvelobaSi hipoTezas rom neli Sesustebis 

logariTmulad normaluri kanonis Sesaxeb, ganvixiloT arxi BS 

 MS; 

 

minelebebi 

axlo 

zonaSi 

miyuCebebi 

Soreul 

zonaSi  

saSualo 

danakargebi 

gadamcemi mimRebi 
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                      FL  =  10 0, 1  

                                          FLfar   = 10 0, 1a BS   ,      a2 + b2 =1                      (2.10) 

                               FLnear = 10 0, 1b MS       

sadac  BS, MS - normaluri SemTxveviTi sidide nulovani 

maTematikuri molodiniT da dispersiiT σ2L = 4, …, 12 დბ. 

                  E [ ] = E [ BS] = E [ MS ] = 0 

                             Var [  ] = Var [ BS ] = Var [ MS] = σ2L,             (2.11) 

                              BS,  MS  N ( 0,  σ2L) 

 

  a, b -Sesabamisad, axlo da Soreuli zonis woniTi 

koeficientebia. 

  kvlevebma [80] daadastures mimRebis axlo da Soreul zonebSi 

neli miyuCebebis wonasworuli da arakorelirebuli xasiaTis 

Sesaxeb hipoTezis marTlzomiereba. 

 

                                            = a BS  + b MS 

                                           E [ BS  × MS ] = 0                                                 (2.12) 

                                            a  = b = 0, 5         

 amrigad, sabolood 

                                            L = PL  × 10 0, 1 (a BS  + b MS) 

                                 BS,  MS  N ( 0,  σ2L)                                         (2.13) 

                                             E [ BS  × MS ] = 0 

                                             a  = b = 0, 5         
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signalis saSualo danakargebi gavrcelebis trasaze PL 

Sefasebuli iqneba okamura-xatas [45] (Rec. ITU-R P.529-2) [45] da COST 

231-ხატას [2] statistikuri modelebis gamoyenebiT, Sesabamisad, 900 

da 1800 mhc diapazonebisTvis. sxvadasxva teritoriuli zonisTvis 

da damatebiTi pirobebisTvis modelebis saangariSo gantolebebi 

moyvanilia cxril 2.2-Si. 

maTematikuri modelebi gadacemis ZiriTadi danakargebis 

gamosaangariSeblad moZrav gadacemaTa sistemebSi 

                                                       cxrili 2.2. 

dasaxeleba gamoyenebadobis 

pirobebi’ 

sawyisi 

monacemebi 

zonis aRwera, 

damatebiTi 

pirobebi 

 

  saangariSo  

  gantoleba 

okamura – 

xata  (Rec. 

ITU-R  P.529-

2) 

F= 150…1000 mhc 

=30…200 m 

=1...10 m 

R=1…20 km 

saSualo da 

patara qalaqi  

(medium small 

city) 

L= 68, 75-13, 

821lg +  27, 72lgF -  

(1, 1lgF- 0, 7) · + 

(44, 9-    - 6, 

55lg  lgR 

didi qalaqi  

(large city),  F  

200 mhc 

L = 68, 45-13, 

821lg +  26, 16lgF -

8, 29 [lg (1, 

54· )]2+ + (44, 9 

- 6, 55lg  lgR 

didi qalaqi  

(large city),  F  

400 mhc 

L = 74, 52-13, 

821lg +  26, 16lgF – 

3, 2[lg (11, 75 · 

+  (44, 9-6, 

55lg  lgR 

gareubani  

(suburban) 

L = 63, 35-13, 

821lg +  27, 72lgF – 

2 (lgF/28)2 + (44, 9-6, 
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55lg  lgR- (1, 

1lgF- 0, 7) ·  

soflis 

midamo – 

kvaziRia zona  

(Rural  Quas –

Open) 

 

  

soflis 

midamo – Ria,  

SiSveli,  

udaburi zona  

(Rural  Open-

Area) 

L=32, 81-13, 

821lg +  46, 05lgF – 

4, 78 (lgF)2 + (44, 9-6, 

55lg  lgR- (1, 

1lgF- 0, 7) ·  

L = 27, 81-13, 

821lg +  46, 05lgF – 

4, 78 (lgF)2 + (44, 9-6, 

55lg  lgR- (1, 

1lgF- 0, 7) ·  

COST  231 – 

Hata 

F= 1500…2000 mhc 

=30…200 m 

=1...10 m 

R=1…20 km 

saSualo 

qalaqi xeebis 

nargavebis 

zomieri 

simWidroviT  

(medium sized 

city and 

suburban  

centres) 

L= 45, 5-13, 821lg +  

35, 4lgF -  (1, 1lgF- 0, 

7) · + (44, 9-6, 

55lg  lgR 

dedaqalaqis 

centri  

(metropolitan 

centres) 

L= 48, 5-13, 821lg +  

35, 41lgF -  (1, 1lgF- 0, 

7) · + (44, 9- 6, 

55lg  lgR 

soflis 

midamo – 

kvaziRia zona  

(Rural  Quasi – 

Open) 

 soflis 

L= 9, 56-13, 821lg +  

53, 73lgF -  (1, 1lgF- 0, 

7) · 

+  

(44, 9-6, 55lg  
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midamo – Ria,  

SiSveli,  

udaburi zona  

(Rural  Open-

Area) 

lgR 

L= 4, 56-13, 821lg +  

53, 73lgF -  (1, 1lgF- 0, 

7) · 

+ 

(44, 9- 6, 55lg  

lgR 

 

modelis arCeva warmoebs teritoriuli zonebisa da 

gamoyenebadobis pirobebis gaTvaliswinebiT. 

                       PL  =   ( HBS,   HMS,  F,  R,  < zonis aRwera >),                       (2.14) 

sadac PL-gadacemis saSualo danakargebia trasaze izotropul 

antenebs Soris, db; HBS – BS antenis efeqturi simaRlea, m; HMS –MS 

antenis simaRlea, m; F mzidi sixSirea, mhc. 

 BS antenis efeqturi simaRlea: 

                    HBS 3  +  HBS M  - HMS M  ,    ( HBS M    HMS M); 

HBS    =              HBS 3,                                 (HBS M  HMS M); 

sadac HBS 3 - BS antenis simaRlea miwis donidan; HBS M -adgilis 

simaRlea zRvis donidan BS dayenebis punqtSi; HMS M  - adgilis 

simaRlea zRvis donidan MS dayenebis adgilas. 
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          F!! 

2.4. Sidasistemuri xelSeSlebis maTematikuri modeli 

gamoyenebuli modelis CarCoebSi C/I parametris 

gansazRvris principi ilustrirebulia nax.2.7-ze. 

 

                                                                                                        MS1              

                                                                                     r10                                    BS1 

         

                 MS0                           BS0 

                                                                        r20 

 

                                                                                                                  F 22        BS2 

                                                                                                          MS2 

                                                                                                                       

nax.2.7. sasargeblo da xelisSemSlel signalebis gavrcelebis 

trasebi,  romlebsac iReben  MS0 

MS0 _ ganxiluli mobiluri sadguria (MS), romelsac emsaxureba 

BS0; 

MS1, MS2 mobiluri sadgurebia, romlebsac emsaxurebian, 

Sesabamisad, BS1 da BS2; 

BS0, BS1, BS2 miekuTvnebian sxvadasxva klasterebs da iyeneben 

sixSireTa erTnair arxebs;  

r 00, r11, r22, r10, r20 –Sesabamisad, sasargeblo signalebis BS0 MS0, 

BS1  MS1, BS2  MS2  da dabrkolebebis BS1 MS0,  BS2  MS0 trasebia. 

 qselis idealuri topologia da 3×9, 4×12, 7×21 klasterebis 

gamoyeneba gansazRvraven seqtorebis kuTxovan zomas 1200. 

    r 00 
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mobiluri sadgurebi MS0, MS1 da MS2 muSaoben sixSireTa erT 

arxze. mobiluri sadguri MS0 mdebreobs Tavisi fiWis sazRvarze 

da xvdeba BS0, BS1 da  BS2 antenebis gaSlis zonaSi (nax.2.7). mocemul 

wertilSi MS0 iRebs sam signals – erT sasargeblos (BS0 –dan) da 

ori xelisSemSlels (BS1 da  BS2 –dan). 

 GSM standarti uzrunvelyofs mauwyebeli arxis BCCH-s 

gadacemaSi armonawile sabazo sadgurebis gadamcemebis 

simZlavris marTvis SesaZleblobas.Aamitom ganxiluli modelis 

CarCoebSi miRebisas sasargeblo da xelisSemSleli signalebis 

doneTa Tanafardoba damokidebulia, maT Soris, abonentebis 

adgilmdebareobazec (MS1, MS2) TavianTi sabazo sadgurebis 

momsaxureobis zonebis farglebSi (BS1,  BS2 – nax.2.7). 

 mocemuli modelis CarCoebSi dasaSvebia, rom mobilur 

sadgur MSi emsaxureba is sabazo sadguri BSi romelsac 

Seesabamebian minimaluri saSualo danakargebi da neli miyuCebebi 

gavrcelebis trasaze B BSi  MSi. cxadia, neli miyuCebebis 

SemTxveviTi xasiaTis gamo momsaxure BSi yovelTvis ar iqneba 

axlos im MSi –Tan, romelsac emsaxureba. 

 ganvixiloT romelime I-iuri sabazo sadguris BSi 

(momsaxurebis zona) (nax 2.8). fiWebis sazRvarze saimedo 

radiodafarvis uzrunvelsayofad da momsaxureobis saWiro 

xarisxis SesanarCuneblad BS dafarvis zona unda moicavdes 

masTan axlos mdebare sabazo sadgurebs BS . sabazo sadgurebis 

dagegmvis miRebuli normebis gaTvaliswinebiT SemovfarglavT 

momsaxureobis zonas BSi  Si zoniT (ruxi foni nax.2.8-ze) vTvliT, 

rom mxolod Si farglebSi arsebobs albaToba imisa, rom 

saSualo danakargebi da signalis neli miyuCebebi trasaze BSi  

MSi iqneba minimaluri. 



55 

 

                        

                                                                                              

                                                                        

 

 

 

 

 

 

 

 

 

                              S I                                                                                                  

 

 

  Nnax. 2.8. BS momsaxureobis zonis geometriuli warmodgena 

 agebuli modeli saSualebas gvaZlevs SevafasoT Sefardeba 

signali/xelSeSla (C/I) BCCH da nonBCCH – SreSi signalebis 

miRebisas. qvemoT moyvanilia ZiriTadi maTematikuri 

gamoangariSebebi signali/xelSeSlis saSualo Sefardebisa da 

signalis miRebis dros signali/xelSeSlis saWiro Sefardebis 

uzrunvelyofis albaTobis miRebisas.  

 

 

 

 

 

 

 

BSv 

BSi 

      MSi 

 

BSv 

 

BS v 

 

BSv 
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  signali/xelSeSlis saSualo Sefardeba BCCH –Si 

 miviRebT gamosaxulebas signali/xelSeSlis saSualo 

Sefardebas BCCH – SreSi miRebisas. signalis misaRebi MS0 –s 

saSualo dones BCCH –SreSi ganvsazRvravT rogorc  

               E [C] = E                      (2.15) 

sadac P BS 0 TX BCCH - BS 0  igs (izotopurad gamosxivebadi simZlavre) 

sasargeblo signalis gadacemisas; L  ( ř 00 ) – signalis saerTo 

danakargebi trasaze BS 0   MS 0. 

  MS 0 miRebis wertilSi mezobeli BS Seqmnili xelSeSlebis 

saSualo done:  

             E [I] = E         ,                                                 (2.16) 

sadac  P BS I  TX BCCH  - BS 0  igs signalis gadacemisas BCCH – arxis 

sixSireze; L ( ř i0 ) - signalis saerTo danakargebi trasaze BS 0   MS 

0 ; N – xarvezsaSiSi BS raodenobaa. 

maSin saSualo Sefardeba C/I BCCH- SreSi  

                 =                                              (2.17)            

saSualo danakargebisa da neli miyuCebebis gaTvaliswinebiT (2.9) 

miviRebT: 

              =                                      (2.18) 
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miRebuli modelis CarCoebSi rogorc momsaxure, ise 

mezobeli BS gadamcemebis simZlavre erTnairia da mudmivi. 

signalebi BCCH–SreSi gadaicema mudmivi simZlavriT. (p1.1) 

gaTvaliswinebiT signali/xelSeSlis saSualo Sefardeba BCCH- 

SreSi 

           =  .                            (2.19) 

     rogorc p. 2.2 – Sia naCvenebi, klasterebis 3×9 da 7×21 

gamoyenebisas xelSeSlebi MS miRebisas qmnian mezobeli 

klasterebis 2 BS (N=2); klasteris 4×12 gamoyenebisas 

xelisSemSleli BS iqneba 3 (N=3). 

    klasterebisTvis 3×9, 7×21 

                            3×9   7×21  = .                                   (2.20) 

 

     klasterisTvis 4×12 

                            4×12  = .       (2.21) 

amrigad, BCCH – SreSi signali/xelSeSlis saSualo 

Sefardeba miRebisas damokidebulia mxolod saSualo 

danakargebze sasargeblo signalisa da xelSeSlebis trasaze. 

 

 

signali/xelSeSlis saSualo Sefardeba nonBCCH – SreSi 

 miviRebT gamosaxulebas signali/xelSeSlis saSualo 

SefardebisTvis nonBCCH – SreSi. mocemuli Sris ganmasxvavebel 

Taviseburebas warmoadgens BS gadamcemebis simZlavris marTva. 

amitom Seqmnili modelis farglebSi gamartivebulad 
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vivaraudebT, rom BS nonBCCH gadamcemebis mimdinare simZlavris 

cvlilebebi uzrunvelyofen signalebis erTnair da mudmiv 

doneebs MS mimRebebis Sesavalze, romlebsac emsaxurebian 

nonBCCH – SreSi. mezobeli klasterebis BS yvela xarvezsaSiSi 

RTSL aqtivobisas signali/xelSeSlis saSualo Sefardeba [56] 

 =   ,                                 (2.22) 

sadac  =  =  - sasargeblo signalis erTnairi 

da mudmivi doneebia MS mimRebis Sesavalze nonBCCH – SreSi; il 

trasaa mezobeli klasteris xarvezsaSiSi BSi –dan mis mier 

momsaxure MS I –mde (nax. 2.9); i0 – signalis trasaa mezobeli 

klasteris xarvezsaSiSi BSi  ganxilul MS0 – mde, romelic iRebs 

sasargeblo signals (nax. 2.9). piroba L ( il) = min niSnavs, rom 

TiToeuli BSi, romelic emsaxureba “Tavis” MSi – s, uzrunvelyofs 

sxva BSv Soris minimalurad SesaZlo danakargebs trasaze, da 

maSasadame, dakavSirebulia energetikulad optimalur BS –Tan.  
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                                0 

N 

nax. 2.9. qselSi sasargeblo signalisa da xelSeSlebis 

gavrcelebis trasebi klaster 3×9 struqturis gaTvaliswinebiT 

 

Sualeduri gardaqmnebis gaTvaliswinebiT miviRebT 

 =  ×         (2.23) 

sadac N - xarvezsaSiSi seqtorebis raodenobaa;  - i-uri 

seqtoris momsaxureobis zonaa; v = 1, …, J,  v  I - mezobeli 

seqtorebi,  romlebsac potenciurad SeuZliaT  (  imyofeba 

I – uri seqtorisa da misi mezobeli v – uri seqtorebis 

momsaxureobis zonebis gadakveTis areSi); a,  b - mimRebis axlo da 

Soreuli zonis woniTi koeficientebia  ( a 2 + b 2 = 1; a, b   p. 2.2); 

 - neli logariTmulad normaluri miyeCebebis dispersiaa (p. 

2.2);  + 0.1 · ln 10 ; 

  Q (t) =   ) dg - Secdomis tabulirebuli funqcia. 

 00 BS0 

       MS0 

BSv    

  MSi 

 i0 

BSv 

BSv  

BSv 
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amrigad, nonBCCH – SreSi signali/xelSeSlis saSualo 

Sefardeba damokidebulia saSualo danakargebze da neli 

miyeCebebis dispersiaze sasargeblo signalisa da xelSeSlebis 

trasaze.  

nax. 2.10 –ze moyvanilia neli miyuCebebis dispersiaze 

signali/xelSeSlis Sefardebis grafikuli damokidebulebebi 

sxvadasxva tipis klasterebisTvis, MS centrSi ganlagebisas (a) da 

momsaxureobis zonis kideze (b) diapazonisTvis 1800 mhc. 2 TRX 

fiWaSi, kodekis muSaobis reJimi FR (srulsiCqariani reJimi).  

analogiuri mrudeebi 900 mhc diapazonisTvis Zalze axlos 

dganan naxazebze warmodgenil mrudeebs da wyvetil naxazebze.  

                                                          , დბ 

                               35 

                               30 

 

    ×                          25               × 

 

                  ×            20 

 

                               15 

 

 5      6     7    8     9     10   10  4    5     6     7     8    9    10 

                         , დბ                               , დბ                              

a)  fiWis cetrSi                  b) MS0   fiWis kideze  

3×9  nonBCCH    4×12v1   nonBCCH                4×12v2  nonBCCH    7×21 nonBCCH 
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 3×9   BCCH          4×12v1  BCCH                       4×12v2  BCCH               7×21  BCCH 

 

nax. 2.10. signali/xelSeSlis Sefardebis damokidebuleba neli 

miyuCebebis dispersiaze ( ) BCCH da nonBCCH – SreSi sxvadasxva 

tipis klasterisTvis 

 

signali /xarvezis Sefardebis umniSvnelo zrda centridan 

fiWis kideebisken nonBCCH-SreSi ganpirobebulia modelis 

specifikiT (sasargeblo signalis donis mudmivoba MS mimRebis 

Sesavalze xelisSemSlel signalebis trasebis sigrZis zrdis 

xarjze xelSeSlebis doneTa Semcirebisas). 

  grafikidan, agreTve, Cans, rom mrudeebi klasterisTvis 4×12 v1 – 

sTvis Zalze axlos arian 3×9 klasterisTvis miRebul 

mrudeebTan. mobiluri kavSiris Teoriis Tanaxmad 

signali/xelSeSlis Sefardeba 4×12 klasteris SemTxvevisTvis 

unda iyos ufro meti, vidre 3×9 klasteris dros sixSireTa 

naklebad mWidro ganmeorebiTi gamoyenebis gamo. 

  Uufro detalurad ganvixiloT signali/xelSeSlis Sefardebis 

damokidebuleba neli miyuCebebis dispersiaze klasterebSi 4×12 

v1 da v2 (nax. 2.11) 
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 , დბ  35 

                 30                                                                                                    

                            X      X   

                  25                            

                  20 

      15                                                                                              

                  10                                                                                                      

                     4            5           6            7           8            9            10   ,  დბ 

  4×12v1  nonBCCH   4×12v1 BCCH       4×12v2  BCCH  4×12v2  nonBCCH 

               

nax. 2.11. signali/xelSeSlis Sefardebis damokidebuleba neli 

miyuCebebis dispersiaze ( ) BCCH da nonBCCH – SreSi 

klasterebisTvis 4×12 v1 da v2  

nax. 2.11 – is grafikze Cans, rom signali/xelSeSlis 

Sefardeba 2.5 db–T metia 4×12 tipis klasterebis Sepirapirebis 

pirveli xerxisas (v1) (nax. 2.4). miRebuli Sedegi mowmobs 4×12 

klasterebis Sepirapirebis xerxis mniSvnelovani gavlenis 

qselSi xelSeSlebis situaciaze. 4×12 v1 klasteris specifiuri 

geometriuli forma (nax. 2.4 a), ganapirobebs ori axlos mdebare 

xelisSemSleli da erTi daSorebuli fiWebidan xelSeSlebis 

zemoqmedebas MS – ze, rasac nulamde dahyavs mogeba, miRebuli 

qselSi sixSireTa naklebad xSiri ganmeorebiTi gamoyenebis 

xarjze. mocemuli daskvna exeba, agreTve, 4×12 v2 klasteris 

fiWebs azimutiT 00. miTiTebuli mizeziT klasteri 4×12 Semdgom 

kvlevebSi ar ganixileba. 
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2.5. signali/xelSeSlis saWiro Sefardebis uzrunvelyofis 

albaToba 

efeqturobis da sistemis funqcionirebis xarisxis 

mniSvnelovan maxasiaTebels warmoadgens signali/xelSeSlis 

albaTobiT moTxovnili donis uzrunvelyofa miRebaze:  

              Pr [ C/I  = Pr [ C – I – q]  db,            (2.24) 

sadac q = 9 db – signali/xelSeSlis zRvruli Sefardebaa xmovani 

trafikis miRebisas GSM standartSi. 

ganxiluli modelis CarCoebSi sasargeblo signalic da 

xelSeSlebic ganicdian nel logariTmulad normalur 

Sesustebas, rac saSualebas gvaZlevs warmovadginoT isini 

Semdegi saxiT;  

     C = Y · 10 0.1y · Nc  ( 0,  σ² L )  =  10 0, 1  ( 10lgY + y · N c  (0,  σ ² L))                              (2.25)  

            I = Z · 10 0.z · Nl  ( 0,  σ² L )  =  10 0, 1  ( 10lg Z + z · N l  (0,  σ ² L)),                             (2.26) 

sadac Nc ( 0, ), Nl ( 0, ) - normaluri SemTxveviTi sidide nulovani 

maTematikuri molodiniT da  dispersiiT, romelic neli 

miyuCebebis dispersiis tolia (p.2.2); Y,  Z – mudmivebiT, romlebic 

axasiaTeben, Sesabamisad, sasargeblo signalisa da xelSeSlebis 

saSualo doneebs; y, z – konstantebia, romlebic axasiaTeben, 

Sesabamisad, sasargeblo signalisa da xelSeSlebis 

fluqtuaciaTa simZlavres. 

  (2.25 – 2.26) gaTvaliswinebiT (2.24) miiRebs saxes: 

Pr [   q ] = Pr [10 lg Y – 10 lg Z – 10 lg q + N c  (0,  (y · σ L ) 2 ) + N I ( 0,  ( z ·σ L ) 2) 

 0 ] = Pr [ N CI ([ 10 · lg Y – 10 lg Z – 10 lg q], [ ( y2 + z 2) ·  ])  0 ],  

sadac NN CI - normaluri SemTxveviTi sidide maTematikuri 

molodiniT da dispersiiT 
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        E [ N CI ] = 10 lg Y  -  10 lg Z  -  10 lg q 

         Var [ N CI ] =   ( y 2 + z 2) · . 

      Sedegad  

             Pr [   q ] =  Ф          (2.27) 

 

sadac Ф (x) =   ) dt - albaTobis integralia. 

warmovadginoT xelSeSla I mezobeli klasterebis xarvezsaSiSi 

BS – sagan damoukidebeli SemTxveviTi signalebis jamis saxiT:  

        I  =  Z · 10 0.1 · z · N  I  ( 0,  σ ² L )  =  I · 10 0.1 ·d I · N I  ( 0,  σ² L0,          (2.28) 

sadac Di,  d I - mudmivebia, romlebic axasiaTeben BS i - sagan 

xelisSemSlelis fluqtuaciaTa saSualo donesa da simZlavres.  

arsebuli Sualeduri gardaqmnebis (2.27) gaTvaliswinebiT 

miveRebT:  

Pr [   q ] =  Ф            (2.29) 

 

sadac   = 0.1 · ln 10. 

ganvsazRvroT sasargeblo signalis Y, y da xelSeSlebis (D I,  d i) 

maxasiaTeblebi, risTvisac gamoviyenebT wina punqtisa da 

Sedegebs da calke ganvixiloT BCCH da nonBCCH – arxebSi. 

signali/xelSeSlis Sefardeba (MS miRebisas) BCCH - SreSi  

  =     =  ,          (2.30) 
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sadac   =  - BS igs BCCH – SreSi; PLxy - signalis 

saSualo danakargebi trasaze BS x  MSy ;  F Lxy  - signalis neli 

miyuCebebi trasaze BS x  MSy ;  a – signalis miyuCebebis woniTi 

koeficientia axlo zonaSi BS  (p. 2.2). 

  amrigad,  

              Y =  ,   y =  -  

    BCCH :       

                           D I =  ,   d I = -  

 

da signali/xelSeSlis saWiro Sefardebis uzrunvelyofis 

albaToba BCCH – SreSi 

 

P Pr [   q ] = Ф   ,    (2.31) 

 

signali/xelSeSlis Sefardeba MS miRebisas nonBCCH – SreSi 

      

 =       =                                  (2.32) 

 

=  
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sadac =  - sasargeblo signalis erTnairi da mudmivi 

doneebia MS mimRebis Sesavalze nonBCCH – SreSi (uzrunveliyofa 

BS gadamcemebis simZlavris marTvis idealuri, modelis 

CarCoebSi, sistemiT);  – BS I momsaxureobis zonaa. BSv,  v=1, …, J,  v  

i – BS – s mezobeli seqtorebia, romelTa momsaxureobis zonaSia 

MSi. Tumca, BS i  MS i  trasaze signalis saerTo minimaluri 

danakargebis gamo swored seqtori Bs i  emsaxureba MS i -s.  

  Q  (t)  =     ) dg  - Secdomis tabulirebuli funqcia. 

BSi seqtoris integralisaTvis momsaxureobis zonaze  ( ) 

damokidebulia mxolod signalis saSualo danakargebis 

siCqareze da neli miyuCebebis dispersiaze , romlebic 

mocemuli modelis CarCoebSi erTnairia qselis mTel zonaSi: 

Ĥ (PL, σ L ) = PL ii   ·               

(2.33) 

Aamrigad,  

                  Y =  1, ,   y = 0 

    nonBCCH :       

                                    D I =  ,   d I =  b  

da signali/xelSeSlis saWiro Sefardebis uzrunvelyofis 

albaToba nonBCCH – SreSi akmayofilebs pirobas. 

P Pr [   q ]  = Ф    ,           

(2.34) 

nax. 2.12-ze moyvanilia neli monelebebis dispersiaze 

signali/xelSeSlis saWiro Sefardebis uzrunvelyofis 

albaTobis grafikuli damokidebulebebi sxvadasxva tipis 
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klasterisTvis, MS -s momsaxureobis zonis centrSi (a) da kideze 

(b) mdebareobisas diapazonisTvis 1800 mhc, 2 TRX fiWaSi, kodekis 

muSaobis reJimis FR-s dros. 

PPPr[        1                           × 

                      099                                                      × 

                      098 

                      097 

                      096 

                      095 

                      094 

                     093 

                      092 

                      091 

                       09     

                            4            5          6            7            8           9           10 

                                                                                                           , დბ 

a) MS0  fiWis centrSi    

 

 

 

 

 

 

 

 

 

 

 

 

 

 



68 

 

 Pr [   q ]      1                     

                   0,98     

                   0,95       

                   0,93 

                     0,9                            × 

                   0,88 

                   0,85 

                   0,83                                                  × 

                    0,8  

                    0,78 

                    0,75 

                            4            5          6     7      8     9      10    , დბ 

b) MS0   fiWis kideze 

 

            3×9  nonBCCH                                                7×21  nonBCCH 

 

            3×9   BCCH                                                     7×21  BCCH 

              ×      × 

 

nax. 2.12. neli monelebebis dispersiaze ( ) signali /xarvezis 

saWiro Sefardebis uzrunvelyofis albaTobis damokidebuleba 

BCCH da nonBCCH – SreSi klasterebisTvis 3×9 da 7×21 
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2.6. xarvezsaSiSi radiotaimslotebis aqtivobis albaTobis 

gaTvaliswineba 

  zemoT miRebul iqna Tanafardobebi  da Pr [   q] im 

SemTxvevisTvis, rodesac nonBCCH – Sris yvela fiWSi 

xarvezsaSiSi RTSL (dro, sixSire) iyo aqtiuri. magram aseTi 

situacia viTardeba mxolod xarvezsaSiSi seqtorebis arxTa 

tevadobis sruli datvirTvisas, e.i. ara yovelTvis. rogorc wesi, 

aqtiuria mxolod xarvezsaSiSi RTSL nawili. rogorc Cans, 

nonBCCH – SreSi arsebobs albaToba imisa, rom trafikis 

gadasacemad gamoyenebuli RTSL drois garkveul momentSi 

SeiZleba saerTod aRmoCndes Tavisufali da ar Seqmnas 

dabrkolebebi MS – Tvis, romelic muSaobs imave sixSiris arxze 

da romelsac ukavia sxva fiWSi iseTi RTSL, romelic droiT 

emTveva mas (nax. 2.13). 

          0  1  2  3  4  5  6  7 

BS 0                                                           f1 

 

         2  3  4  5  6  7  0  1 

BS 1                                                           f1  

 

       4  5  6  7  0  1  2  3 

BS 2                                                         f1 

                                                                                                                                                                                                                                            

               0.577mwm 

 

  nax. 2.13. RTSL  droiTi gadanacvleba 



70 

 

   xarvezsaSiSi RTSL aqtivobis albaToba n fiWebSi N – dan 

emorCileba binominalur kanons:  

         Pr [ n | N]  =         ·   ·  ( 1-  ) N-n,                          (2.35) 

sadac   =  - NN elementidan n SesaZlo SeuRlebaTa 

raodenobaa,   - dakavebuli RTSL – s aqtivobis albaTobaa. 

  mocemuli modelis CarCoebSi ganvsazRvroT romelime RTSL – s 

aqtivobis albaToba ori xerxiT: 

1. Ddrois mocemul momentSi ganxiluli RTSL  daniSnulia 

qseliT raRac xmovani kavSiris momsaxureobisTvis da 

imyofeba dakavebul mdgomareobaSi. aseT mdgomareobas 

pirobiTad avRniSnavT RTSLbusy  (RTSL  dakavebulia). 

2. drois mocemul momentSi abonentebis xmovani aqtivobis 

deteqtori  (Voice Activity Detector, VAD)  ar axdens trafikis 

BS  MS mimarTulebiT gadacemis blokirebas. aseT 

mdgomareobas pirobiTad avRniSnavT VADtrue  (xmovani 

aqtivoba).  

amrigad,  

                = Pr [ RTSLbusy] · Pr [ VADtrue ]         (2.36) 

RTSL dakavebis albaToba damokidebulia mimdinare 

saabonento datvirTvasa da seqtorSi trafikis xelmisawvdomi 

arxebis raodenobaze: 

Pr [ RTSLbusy]  =         FR  first,   HR  last '   (2.37) 

sadac ,  - trafikis srul da 

naxevarsiCqariani arxebis raodenobaa, Sesabamisad; 

 - trafikis xelmisawvdomi srul da 
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naxevarsiCqariani arxebis raodenobaa, Sesabamisad. piroba FR first,  

HR last  niSnavs imas, rom qseli iwyebs naxevarsiCqariani arxebis  

(HR) gamoyofas mxolod mas Semdeg, rac seqtorSi dakavebuli 

iqneba trafikis yvela srulsiCqariani arxi  (FR). 

  amasTanave, im trafikis procenti, romelsac emsaxurebian 

HR reJimSi Seadgens:   

                                 µ  =   . 

     abonentis xmovani aqtivobis albaTobas, Cveulebriv, iReben 

rogorc Pr [ VADtrue] = 0.375 … 0.6 . Tumca, GSM qselebis 

eqspluataciis praqtikuli gamocdileba gviCvenebs, rom 

operatorebi amjobineben wyvetili gadacemis reJimis (DTX) 

gamoyenebas MS  BS mimarTulebiT da gacilebiT ufro iSviaTad - 

BS  MS  mimarTulebiT. amitom SemdgomSi gamoyenebuli iqneba Pr [ 

VADtrue} = 1.  

Sedegad gamosaxuleba SefardebisTvis C / I mezobel 

klasterebSi xarvezsaSiSi RTSL SesaZlo aqtivobis 

gaTvaliswinebiT miiRebs Semdeg saxes  

  =  ·  ,                              (2.38) 

sadac  ] - n xelisSemSleli fiWebidan 

xelSeSlebis saSualo donea.  

   Tavis mxriv, signali/xelSeSlis saWiro Sefardebis 

uzrunvelyofis albaToba iqneba: 

 Pr [  q] =  · Pr [ ( | n interfcells )  q ],    (2.39) 
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xelisSemSleli fiWebis SesaZlo SeuRlebaTa raodenoba da 

xarvezsaSiSi RTSL  aqtivobis albaToba moyvanilia cxrilebSi 2.3, 

2.4. 

                                                                                                          cxrili 2.3. 

                                               N=2 

 

          n 

           n       

           N 

 

 

       Pr [n | N] 

          0           1          ( 1 –P RTSL)2 

          1           2  2 P RTSL × ( 1 –P RTSL) 

          2           1            P2RTSL 

 

                                                                                                       cxrili 2.4 

                                                     N=3 

 

          n                                       

         n      

         N 

 

 

          Pr [n | N] 

          0         1            ( 1 –P RTSL)3 

          1         3     3 P RTSL × ( 1 –P RTSL)2 

          2         3      3P2RTSL × ( 1 –P RTSL) 

          3         1        P3RTSL 

 

nax. 2.14-ze moyvanilia xarvezsaSiSi RTSL aqtivobis 

albaTobis grafikuli damokidebulebebi trafikis dakavebuli 

arxebis raodenobaze fiWaSi ori TRX-sagan: a) ori xarvezsaSiSi 
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fiWis SemTxveva (klasterebi 3×9, 7×21); b) sami xelisSemSleli 

fiWis SemTxveva (klasteri 4×12). yvela fiWi muSaobs FR 100%-ian 

reJimSi; trafikis arxebis raodenoba TiToeul fiWaSi N TCH =2 × 8 – 

1 BCCH – 1 SDCCH = 14.     

 

Pr[n|2]       1                                                                                                    n=0 

                0,9                                                                                                    n=1 

                0,8                                                                                                    n=2 

                0,7                                                                                                     

               0,6 

               0,5 

               0,4 

               0,3 

               0,2 

               0,1 

                 0 

                      0    1   2    3    4    5    6    7      8     9    10   11   12   13   14  

                                    

ა) 2  ხელისშემშლელი  ფიჭის  შემთხვევა 
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Pr[n|2]       1 

                0,9                                                                                                  n=0 

                0,8                                                                                                  n=1 

                0,7                                                                                                  n=2 

                0,6                                                                                                  n=3 

                0,5 

               0,4 

               0,3 

               0,2 

               0,1 

                 0 

                      0    1     2    3    4     5    6    7    8    9    10   11  12  13   14 

                                                                                                                                             

 

 b) 3 xelisSemSleli fiWis SemTxveva             

nax. 2.14. xarvezsaSiSi RTSL aqtivobis albaTobis 

damokidebuleba fiWaSi trafikis dakavebuli arxebis 

raodenobaze   

nax.2.14-ze Cans, rom yvela xarvezsaSiSi RTSL aqtivobis 

albaToba (xelSeSlebis maqsimaluri done) izrdeba 1-mde 

fiWaSi trafikis dakavebuli arxebis raodenobis zrdasTan 

erTad, xelSeSlebis ararsebobis albaToba (yvela 

xarvezsaSiSi RTSL Tavisufalia) mcirdeba am dros 0-mde. 

  n = 0 dros yvela xarvezsaSiSi fiWis trafikis arxebi 

Tavisufalia da Sidasistemuri xelSeSlebi ar aris; 



75 

 

xarveziseuli zemoqmedebas axdens mxolod MS0  mimRebis 

siTburi xmauri. 

mimRebis siTburi xmauris simZlavris speqtruli simkvrive 

                           N0  =  kBTn = kBT0  ×  (Ш – 1),          (2.40) 

sadac kB = 1, 38 × 10 –23 j/ K – bolcmanis mudmivaa, T0 = 290 K,  

Tn = T0 × (Ш – 1) - xmaurismieri temperaturaa,  

S – mimRebis xazovani traqtis xmauris koeficientia (GSM 

saabonento terminalebisTvis S  =5...7db). 

xmauris simZlavre mimRebis Sesavalze (dbm): 

                              N term = 10 lg  ( N0 F) + 30,       (2.41) 

sadac F - signalis zolis siganea (GSM standartisTvis F 

=200khc)         

      BS gadamcemebis simZlavris marTvis sistemas mihyavs signalis 

done MS mimRebis Sesavalze diapazonamde -70...-85dbm. maSasadame, 

Sidasistemuri interferenciis ararsebobisas 

                                    =      60…75 დბ.          (2.42) 

   moSorebuli fiWebidan umniSvnelo Sidasistemuri xelSeSlebis 

arsebobisas da garegani xelSeSlebis zemoqmedebisas Sefardeba 

signali/xelSeSla SeiZleba gaxdes ramdenadme mcire, amitom 

Semdgom gamoTvlebSi miviRebT 

                                                   = 40 დბ. 

           n  0 dros Sidasistemuri xelSeSlebis done 

                                      I { n|N] = n   ,            (2.43)                              
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  sadac I [ n|N] – xelSeSlebis maqsimaluri donea yvela 

xarvezsaSiSi RTSL aqtivobis SemTxvevaSi. 

amrigad, gamosaxuleba (2.38) miiRebs Semdeg saxes:  

                 = Pr {n = 0 | N] × 40 დბ +                      (2.44)                                                                  

    (2.23)-is Casma (2.44)-Si gvaZlevs Semdeg Tanafardobas 

signali/xelSeSlis saSualo donisTvis nonBCCH-SreSi:             

              = Pr {n = 0 | N] × 40 დბ +  

         (2.45) 

β= 0, 1 × ln 10 

  n=2 dros (klasterebi 3×9,  7×21) 

    =  Pr [ n = 0|2] × 40 დბ  +            ×  

    ;                                                                  (2.46)                                                                                                         

N=3 დროს (კლასტერი 4×12) 

      =  Pr [ n = 0|3] × 40 დბ  +            ×  

    ,                                 (2.47)                                                                                                                                                                                

სადაც  = 

. 

sadac NonBCCH SreSi signali/xelSeSlis saSualo done 

damokidebuli smimdinare trafikze. 
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  (2.34)-is Casma (2.39)-Si gvaZlevs Semdeg Tanafardobas nonBCCH 

SreSi signali/xelSeSlis saWiro Sefardebis uzrunvelyofis 

albaTobisTvis: 

             Pr      q     =   [ n|N] × Pr    (     q    =  

 =  Pr [ n=0|N]  ×  Pr [ 40 დბ  9 დბ] + 

+   [ n | N]  Ф            =     (2.48) 

=Pr  [ n = 0 | N ]  +   [ n | N ] Ф   

 NonBCCH- SreSi signali/xelSeSlis saWiro Sefardebis 

uzrunvelyofis albaToba damokidebulia mimdinare trafikze. 

           , დბ     40 

 

                                  35 

 

                                        30 

 

                                        25 

 

                                        20 

 

                                       15 

 

  10          0  1  2  3  4  5   6  7  8  9 10 11 12 13 14 15 16  17 18 19 20 21                                                                                                                                

       a)  =  6  დბ 
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 , დბ               40 

 

                              35 

 

                              30 

 

                               25 

                               20 

                               15 

 

                               10   0  1  2  3  4  5   6  7  8  9 10 11  12 13 14 15 16  17 18 19 20  

     

a)   =  10  დბ 

                         FR                        HR 

Nnax. 2.15. NonBCCH- SreSi signali/xelSeSlis Sefardebis 

damokidebuleba seqtorSi dakavebuli arxebis raodenobaze 

klasterisTvis 3×9 

nax.2.15-2.18-ze warmodgenilia signali/xelSeSlis 

Sefardebisa da nonBCCH-SreSi signali/xelSeSlis saWiro 

Sefardebis uzrinvelyofis albaTobis damokidebulebebi fiWaSi 

dakavebuli arxebis raodenobaze xarvezsaSiSi RTSL aqtivobis 

gaTvaliswinebiT.Ggrafikebi agebulia FR da HR reJimis 

SemTxvevebisTvis, 3×9 da 7×21 klasterebis tipebisTvis da 

momsaxureobis sxvadasxva zonebisTvis. F=1800 mhc, 2 TRXfiWaSi, 

MS0 fiWis centrSi. 
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Pr [ q]            1 

                       0,99 

                       0,98 

                       0,97 

                      0,96 

                       0,95 

                      0,94 

                       0,93 

                       0,92 

                      0,91 

                     0,9         0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17  18  19  20  21   

      a)   =  6  დბ 

Pr [ q   1 

                  0,99 

                  0,98 

                  0,97 

                  0,96 

                  0,95 

                  0,94 

                  0,93 

                  0,92 

                  0,91 

                    0,9 

                             0 1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 

                                                         =  10  დბ 
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                      FR   HR 

 

nax.2.16. NonBCCH- SreSi signali/xelSeSlis saWiro Sefardebis 

uzrunvelyofis albaTobis damokidebuleba seqtorSi dakavebuli 

arxebis raodenobaze klasterisTvis 3×9 

 

 

  , დბ      40 

 

                       35 

 

                      30 

 

                      25 

 

                     20 

 

                    15 

                               0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 

                                      

a)   =  6  დბ     
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         40 

               35 

               30 

               25 

               20 

               15 

                     0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 

       b)  =  10  დბ 

                 FR     HR 

 

Nnax.2.17. NonBCCH – SreSi signali/xelSeSlis Sefardebis 

damokidebuleba seqtorSi dakavebuli arxebis raodenobaze 

klasterisTvis 7×21  

Pr [   q]           1 

                          0,99 

                          0,98 

                          0,97 

                          0,96 

                          0,95 

                          0,94 

                          0,93 

                          0,92 

                          0,91 

                            0,9 

                                   0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 

                                                     a)   =  6  დბ     
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      Pr [   q]         1 

                           0,99 

                          0,98 

                          0,97 

                          0,96 

                          0,95 

                          0,94 

                          0,93 

                          0,92 

                          0,91 

                           0,9 

                                    0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 

                                                                                                                                

a)   =  10  დბ 

                               FR 

 

                              HR 

 

 

N nax. 2.18. NonBCCH – SreSi signali/xelSeSlis saWiro 

Sefardebis uzrunvelyofis albaTobis damokidebuleba seqtorSi 

dakavebuli arxebis raodenobaze klasterisTvis 7×21 
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  2.7. Sidasistemuri xelSeSlebis analizi SemuSavebuli 

maTematikuri modelis safuZvelze     

   p. 2.1-2.6-Si aRwerili modeli realizebul iqna MathCAD-is 

garemoSi. Mmodelis parametrebi mocemulia cxril 2.5-Si.  

                                                            

cxrili   2.5.        

                                         modelis parametrebi                                                                                                                                                                        

                                                                        

parametri                   

                     mniSvneloba                      

sistemis standarti     GSM-900 / 1800 

signali/xelSeSlis zRvruli 

mniSvneloba,     ,  db 

9 

Nneli miyuCebebis dispersia,   σ2L,   

db 

4  (gareubani)  

6  (qalaqis ganapira ubani)   

8  (saZinebeli raionebi)   

10  (qalaqis centri)  

gamoZaxebis blokirebis saWiro 

albaToba  

0, 02 

BS antenis Camokidebis simaRle,   

HBS,  m 

30 

MS antenis Camokidebis simaRle,   

HMS,  m 

1, 5 

Mmomsaxureobis zonis radiusi,   R0,  

km 

2, 9 

TRX-s raodenoba fiWaSi  1;2 

xarvezsaSiSi fiWebis raodenoba   2  (klasterebi 3×9,  7×21)    

3  (klasteri 4×12)    
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     saSualo danakargebis gamoangariSeba warmoebda cxril 2.3-is 

formuliT didi qalaqisTvis. miRebuli damokidebulebebi  

fiWaSi dakavebuli arxebis raodenobaze (NTCH busy), neli miyuCebebis 

dispersiaze (σ2L), klasteris tipze (S × K) da kodekis reJimze 

moyvanilia nax.2.10-2.18-ze. Semdeg Catarebulia qselis BCCH da 

nonBCCH-arxebisaTvis yvelaze mniSvnelovani damokidebulebebis 

SedarebiTi analizi.             

1. xelSeSlebis mudmivi donisas signali/xelSeSlis 

Sefardebis damokidebuleba neli miyuCebebis dispersiaze 

(nax.2.10) praqtikulad xazovania. NonBCCH- SreSi Cans  

donis damaxasiaTebeli Semcireba dispersiis zrdisas da 

xasiaTis zomisSemcirebisas. sidide  klasterisTvis 7×21 

3 db-Ti metia klaster 4×12-Tan SedarebiT da 5 db-Ti 

aRemateba mniSvnelobas klasterisTvis 3×9.. BCCH-SreSi 

Sefardeba signali/xelSeSla ar aris damokidebuli 

dispersiaze da mcirdeba momsaxure BS-dan daSorebasTan 

erTad. 

  cxril 2.6-Si moyvanilia Sefardeba signali/xelSeSlis 

saangariSo mniSnelobebi klasteris sxvadasxva 

ganzomilebebisTvis (diapazoni 1800 mhc). 
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                                             cxrili 2.6. 

 
Aabonentis 

adgilmdebareoba 
                                  NonBCCH      BCCH 

σ2
 = 

4db 

σ2L = 

6db 

σ2L= 

8db 

σ2L= 

10db 

                        Kklasteri 3×9 

fiWis kide    27.6   24.2      19.9     14.7   16.2 

fiWis centri       25.5     22.1      17.7     12.6     24.6 

                                                Kklasteri 4×12 v1 

fiWis kide       26.8   23.4   19.0   13.9   15.3 

fiWis centri       25.2   21.8   17.4   12.3   24.3 

                         Kklasteri 4×12 v2 

fiWis kide    29.5   26.1   21.7   16.6   18.0 

fiWis centri    25.2   24.4   20.0   14.9   26.9 

                                                 Kklasteri 7×21 

fiWis kide    32.8   29.4   25.1   20.0   21.4 

fiWis centri    31. 3   27.9   23.5   18.4   30.4 

 

   GSM-is qselSi modelirebis dros miRebuli 

signali/xelSeSlis Sefardebis mniSvnelobebi (cxrili 2.6) 

axlos arian realur mniSvnelobebTan. sasurvelia BCCH-

SreSi fiWebis sazRvarze C / I-is Semcirebis kompensireba 

qselis sixSirismieri dagegmvisas, viyenebT ra 

 BCCH-SreSi klasters ufro meti ganzomilebiT. 

2. neli miyuCebebis dispersiaze signali/xelSeSlis saWiro 

Sefardebis uzrunvelyofis albaTobis damokidebulebis 

xasiaTi (nax.2.12) metyvelebs mocemul parametrze adgilis 

morfostruqturis mniSvnelovani gavlenis Sesaxeb. 
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momsaxure fiWis (gareubnis, ganapira ubnis, saZinebeli 

raionebis zonis) centrSi abonentis yofnisas  (σ2L= 4…8 db) 

Pr { C /I . qalaqis centrSi mocemuli albaToba 

mcirdeba 0, 91 - 0, 97–mde. fiWis kideze abonentis yofnisas 

neli miyuCebebis dispersiaze signali/xelSeSlis saWiro 

Sefardebis uzrunvelyofis albaTobis ufro aSkara da Pr { 

C /I  ]  qalaqis zonaSi klasterisas  3×9 mcirdeba 0, 77-mde. 

3. xarvezsaSiSi taimslotebis aqtivobis aRricxva momsaxure 

BS seqtorSi dakavebuli arxebis ricxvSi (nax.2.15.-2.18) 

saSualebas gvaZlevs SevafasoT  done ufro 

koreqtulad da Tavidan aviciloT maTi metismetad 

Semcireba. grafikebidan gamomdinareobs, rom 

signali/xarvezis Sefardebis mniSvnelobebi yvela 

dakavebuli RTSL-sas Seesabamebian  saangariSo 

mniSvnelobebs (cxrili 2.6), xolo trafikiT fiWis naklebi 

datvirTulobisas aRematebian saangariSo dones 1-2, 5 db-Ti 

Pr { C /I ], agreTve, izrdeba fiWaSi dakavebuli arxebis 

raodenobis SemcirebasTan erTad.  

4. HR reJimisTvis yvela damokidebulebis xasiaTi. Tumca,  

da Pr {C /I ] minimaluri mnivnelobebi miiRweva dakavebuli 

arxebis meti raodenobisas, e. i. trafikis dakavebuli 

arxebis fiqsirebuli raodenobisas HR reJimi 

uzrunvelyofs Sidasistemuri xelSeSlebis nakleb dones. 

magaliTad, qalaqis centrSi 14 dakavebuli arxisas FR 

reJimSi Pr { C /I ] = 0, 91 da HR reJimSi Pr { C /I ] = 0, 93. 

 

                                                                                  



87 

 

 2.8. qselis mdgomareobaTa analizi Sidasistemuri xelSeSlebisa 

da qselze saabonento datvirTvis gaTvaliswinebiT speqtruli 

efeqturobisa da mowyobilobis efeqturobis kriteriumiT. 

  vubrundebiT ra gantolebaTa sistemas (2.8), CavataroT GSM 

standartis mobiluri radiokavSiris qselis SesaZlo 

mdgomareobaTa analizi Sidasistemuri xelSeSlebis C /I donis, 

speqtruli efeqturobisa da gamoZaxebebis blokirebis albaTobis 

Рb kriteriumebiT (2.2). 

    C /I Sesafaseblad gamoyenebulia p.2.7-Si miRebuli Sedegebi. 

speqtruli efeqturoba gamoiangariSeba (2.8)-is Tanaxmad. fiWis 

saabonento datvirTvas axasiaTebs datvirTvis koeficienti  

                                                        kC = TC  / C,                                                   (2.50) 

sadac TC – fiWis trafikia (erl),  C – fiWis tevadobaa (erl).  

   fiWis arxebis saSualo dakavebuloba saaTis ganmavlobaSi 

ricxobrivad udris fiWis trafiks erlangebSi. fiWis didi 

datvirTvisas misi trafiki aRemateba nominalur tevadobas 

(kC  fiWis dabali datvirTvisas misi aparatuli resursi 

SeiZleba Semcirebul iqnes 1 an meti mimReb-gadamcemiT im 

pirobiT, fiWis Semcirebuli tevadoba ar gaxdeba mimdinare 

trafikze naklebi (erlang- B kanonis arawiriTobis gamo fiWis 

mcire datvirtvis aris zeda sazRvari damokidebulia 

gamoyenebuli mimReb-gadamcemebis raodenobaze). 

   nax.2.19-ze moyvanilia gamoZaxebis blokirebis albaTobisa da 

speqtruli efeqturobis grafikuli gamokidebulebebi fiWze 

saabonento datvirTvisagan kodekis muSaobis sxvadasxva 

reJimebisas (qseluri trafikis 40%-s emsaxurebian HR-reJimSi). 

  nax. 2.20-ze moyvanilia nonBCCH-SreSi signali/xelSeSlis 

Sefardebis damokidebulebebi gamoZaxebis blokirebis 
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albaTobaze neli miyuCebebis dispersiis sxvadasxva 

mniSvnelobisas, klasterebisTvis 3×9 da 7×21 (2TRX fiWaSi, 

momsaxure MS imyofeba “Tavisi” fiWis centrSi). 

  Nnax. 2.21 naCvenebia nonBCCH- SreSi 3×9 da 7×21 klasterebisTvis 

signali/xarvezis Sefardebaze speqtruli efeqturobis 

damokidebulebis ilustrirebas qalaqis saZinebel raionebSi 

(σ2L=6 db). 

                                                                                           

0,2                                                                                                                                                                              

0,19                                                                                                                                                                                 

0,18                                                                                                                                                                                       

0,17                                                                                                                                                                   

0,16                                                                                                                                                                                   

0,15                                                                                                                                                                         

0,14                                                                                                                                                                                            

0,13                                                                                                                                                                   

0,12                                                                                                                                                                                   

0,11                                                                                                                                                                                    

0,1                                                                                                                                                                                     

0,09                                                                                                                                                                         

0,08                                                                                                                                                                              

0,07                                                                                                                                                                                                                              

0,06                                                                                                                                                                                        

0,05                                                                                                                                                                            

0,04                                                                                                                                                                                        

0,03                                                                                                                                                                            

0,02                                                                                                                                                                               

0,01                                                                                                                                                                                      

0 

0 1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21                                                                                          

HR                                   ,  ერლ 

FR  HR   
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   ერლ / მჰც        40                                                                     × 

                                                                                           × 

                          30                                                    × 

                                                                          × 

                          20                                  × 

                                                        × 

                         10                  × 

                                      × 

0     

     0  1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21          

                                                     HR                                   ,  ერლ 

4TRX  3TRX  2TRX 

×     × 

nax. 2.19. saabonento datvirTvis gavlena gamoZaxebis blokirebis 

albaTobasa da speqtrul efeqturobaze            

                                                                                                                                                                     

 , დბ     40 

                    35 

                   30 

                   25 

                   20 

      15 

                        0  0,02  0,04  0,06  0,08  0,1  0,12  0,14  0,16  0,18  0,2                                                                                                                

a)   =  6  დბ 
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       , დბ       40 

                            35 

 

                           30 

 

                           25 

                          20 

                         15 

                        10 

                                   0      0,02    0,04   0,06   0,08   0,1   0,12     0,14     0,16   0,18   0,2 

b)  = 10 დბ       

                                     3  ×  9   7  ×  21 

                                   

nax. 2.20. NonBCCH- SreSi signali/xelSeSlis Sefardebis 

damokidebuleba gamoZaxebis blokirebis albaTobaze 

         SE,         35 

ერლ / მჰ        30   

                        25 

                        20  

                        15                                  × 

                        10                                                         ×  

                          5                                                                         × 

                          0 

                                  20               25               30               35               40             

a) კლასტერი    3 × 9              ,  დბ  
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  SE,                   35 

ერლ / მჰც        30 

                          25 

                          20 

                          15                                           × 

                          10                                                             × 

                            5                                                                          ×  

                            0 

                                 20               25               30               35               40                                                      

a)   კლასტერი   7 × 21     , დბ 

4 TRX   3TRX  2TRX   

×      × 

nax. 2.21. nonBCCH- SreSi signali/xelSeSlis Sefardebaze 

speqtruli efeqturobis damokidebuleba 

   analizma gviCvena, rom meti zomisklasteri saSualebas 

gvaZlevs uzrunvelvyoT ufro didi Sefardeba 

signali/xelSeSla. magram saZinebel raionebsa da qalaqis 

centrSi Sefardeba signali/xelSeSlis mniSvnelovnad uaresdeba 

neli miyuCebebis dispersiis gamo. amrigad, mizanSewonilia 

gamoviyenoT klasteris meti ganzomileba qalaqis mWidrod 

ganaSenianebis raionebSi. sixSireTa resursis deficiti 

yovelTvis ar iZleva 900mhc diapazonSi klasteris zomis 

gazrdis saSualebas. Tumca,  GSM -1800 diapazonSi es savsebiT 

realizebadia da GSM-900/1800 ordiapazonian qselSi 

radioresursebis marTvis meTodebis gamoyenebisas SeiZleba 

uzrunvelyofil iqnes kavSiris maRali xarisxi.      
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 trafikis arxebis datvirTuloba 

                                

Рb  maRali 

mniSvneloba 

                                                                        
fiWaSi mimReb- 
gadamcemebis 

                                                                Nnakleboba 

 

Рb  normaluri 

mniSvneloba                                                                                                                                                                                                                                    

fiWaSi mimReb- 
gadamcemebis 

normaluri 

raodenoba 

 

 

Рb  dabali  

mniSvneloba 

fiWaSi mimreb- 
gadamcemebis 

                                                               siWarbe 

 

                                                                                                  speqtruli efeqturoba 

 dabali          normaluri          maRali            

     nax. 2.22.  qselis  mdgomareobebis  gradaciebi 

 

   amrigad, modelirebis Sedegebis safuZvelze miRebul iqna 

rigi damokidebulebebi, romlebic saSualebas gvaZleven 

1  

cudi QoS 

xelSeSleb

is dabali 

done 

2  

cudi QoS 

xelSeSlebis 

dasaSvebi 

done 

 

3 

Zalze cudi 

QoS                            

xelSeSlebis 

maRali done  

sixSireTa 

resursis 

deficiti 

6 

cudi QoS 

xelSeSlebis 

maRali done 

sixSireTa 

resursis 

deficiti 

 

5 

normaluri 

QoS 

xelSeSleb

is 

dasaSvebi 

done 

9 

cudi QoS 

xelSeSlebis 

maRali done 

sixSireTa 

resursis 

deficiti 

 

8 

Kkargi QoS 

xelSeSleb

is 

dasaSvebi 

done 

7 

Zalze kargi 

QoS 

xelSeSlebis 

dabali done 

fiWis maRali 

fasi 

 

 

4 

kargi QoS 

xelSeSleb

is dabali 

done 
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erTmaneTs davukavSiroT QoS, trafikis arxebis datvirTuloba 

da qselis speqtruli efeqturoba. P2.7.-2.8 Sedegebis analizis 

procesSi gamoyofil iqna qselis mdgomareobis ZiriTadi 

gradaciebi (nax.2.22) 

  mdgomareobis gradaciebis daxasiaTeba: 

1. fiWis didi datvirTvisas da aramaRali speqtruli 

efeqturobisas (1, nax.2.23) adgili aqvT gazrdil 

blokirebebs, romlebic ganpirobebulni arian mimReb-

gadamcemebis naklebobiT fiWaSi. 

2. fiWis mcire datvirTvisas da dabali speqtruli 

efeqturobisas (7, nax.2, 22) uzrunveliyofa maRali QoS. 

Tumca, amave dros qselis Rirebulebac iqneba 

gaumarTleblad maRali, rac ar gvaZlevs saSualebas 

visaubroT mis efeqtur funqcionirebaze. 

3. fiWis didi datvirTvisas da maRali speqtruli 

efeqturobisas (3, nax, 2.22) adgili aqvT did blokirebebs 

Sidasistemuri xelSeSlebis maRal donesTan erTad. 

aRniSnuli mdgomareoba damaxasiaTebelia iseTi 

qselebisTvis, romelTa operatorebi cdiloben kavSiris 

momsaxureobebze dabali fasiT abonentebis mozidvis 

uzrunvelyofas. 

4. fiWis mcire datvirTvisas da maRali speqtruli 

efeqturobisas (9, nax.2.22-mimReb-gadamcemebis siWarbeze 

sixSireebis xSiri ganmeorebiTi gamoyenebisas) Sidasistemuri 

xelSeSlebis done maRalia BCCH- SreSi da naklebad 

maRalia nonBCCH- SreSi xarvezsaSiSi taimslotze 

momsaxureobis dabali albaTobis xarjze (frequency hopping-is 

analogia). 

5. fiWis normaluri datvirTvisas (4-5-6, nax.2.22) speqtruli 

efeqturoba trankingis efeqtis gamo damokidebulia mimReb-

gadamcemebis raodenobaze fiWaSi. 



94 

 

6. normaluri speqtruli efeqturobisas (2-5-8, nax.2.22) 

uzrunvelyofa Sidasistemuri xelSeSlebis gasaSvebi done. 

amasTanave, QoS ganisazRvreba blokirebebiT, romelTa done 

damokidebulia fiWis datvirTvisa da fiWis aparatuli 

resursis sakmaobaze. 

 

 

 

daskvnebi 

  TavSi miRebul iqna Semdegi Sedegebi: 

1. agebulia gantolebaTa sistema, romelic akavSirebs GSM 

standartis mobiluri kavSiris qselis muSaobis ZiriTad 

maCveneblebs (KPI): qselur trafiks uds-Si, sabazo 

sadgurebis raodenobas, klasteris ganzomilebas, qselis 

sixSireTa resurss, gamoZaxebas blokirebis albaTobas, 

xmovani trafikis wils naxevarsiCqarian reJimSi, seqtoris 

speqtrul efeqturobas, signali/xelSeSlis Sefardebas 

miRebis dros. 

2. agebulia GSM standartis radioqselis maTematikuri 

modeli, romelic aRricxavs: 

_ qalaqis garemoSi GSM-900/1800 radiosignalis gavrcelebis 

ZiriTad Taviseburebebs; 

_ fiWebis seleqcias mobiluri sadgurebiT signalis 

minimaluri danakargebis kriteriumis mixedviT; 

_ Sidasistemuri danakargebis dones BCCH_ da nonBCCH- SreSi 

sxvadasxva tipis klasterebis gamoyenebisas; 
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_ mimdinare trafiksa da kodekis muSaobis naxevarsiCqariani 

reJimis gamoyenebaze nonBCCH-SreSi Sidasistemuri 

xelSeSlebis donis damokidebulebas. 

3. miRebulia gamosaxulebebi BCCH da nonBCCH-SreSi 

miRebisas signali/xelSeSlis saWiro Sefardebis 

uzrunvelyofis albaTobisTvis da signali/xelSeSlis 

saSualo SefardebisTvis. gamoangariSebulia Sesabamisi 

damokidebulebebi radioqselis muSaobis sxvadasxva 

pirobebisas. 

4. gamoyofilia radioqselis mdgomareobis ZiriTadi 

gradiaciebi, romlebic axasiaTeben misi muSaobis xarisxsa 

da efeqturobas mimdinare KPI –is Sesabamisad. 
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Tavi 3. GSM standartis mobiluri radiokavSiris 

qselebSi radioresursebis marTvis algoriTmebi 

 

3.1. amocanis dasma 

Catarebuli kvlevebis Sedegebma (Tavi 2) gviCvenes, rom 

momsaxureobis xarisxi mobiluri radiokavSiris qselebSi bevrad 

ganisazRvreba qselis arqiteqturiT da mowyobilobis 

parametrebiT, agreTve, mniSvnelovnadaa damokidebuli qselze 

saabonento datvirTvisagan. momsaxureobis saWiro xarisxis 

miRwevis garda saWiroa, agreTve, aparatuli da sixSiruli 

resursebis racionaluri gamoyenebis uzrunvelyofa, radgan 

qseli unda uzrunvelyofdes maqsimalur tevadobasa da 

abonentebis momsaxureobis mocemul xarisxs mowyobilobaze 

minimaluri danaxarjebisas. amasTanave, sixSiruli resursi 

mudmivi sididea, aparatul Semadgenels ki gaaCnia zrdisken 

tendencia saabonento datvirTvis zrdisa da qselis dafarvis 

zonis gafarToebis gamo misi ganviTarebis procesSi.  

qselis muSaobis ekonomikuri efeqturobis uzrunvelyofisa 

da xarisxis normebis dacvisTvis fiWuri kavSiris 

operatori unda icavdes Semdeg principebs: 

– fiWuri kavSiris qselis ganviTareba unda iyos 

etapobrivi da uwyveti; 

– TiToeul etapze saWiroa maqsimaluri adaptacia 

qseluri resursebis gamoyenebaSi saabonento 

datvirTvis Tvisobrivi da raodenobrivi 

maCveneblebisadmi; 

– ganviTarebis yovel Semdgom etapze ZiriTadi sistemo 

teqnikuri gadawyvetilebebis mizanSewonilobis dacva. 
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nebismieri radioqselis ganviTarebis strategiaSi SeiZleba 

gamovyoT 2 ZiriTadi tendencia: 

1. sabazo mowyobilobis infrastruqturis gazrda: 

– axali BS dayenebisa da momqmedi BS tevadobis gafarToebis; 

– moZvelebuli mowyobilobis axliT, ufro funqciuriT 

Secvlis;  

– satransporto qselis ganviTarebisa da a.S. da a.S. CaTvliT. 

    mocemuli xerxi gansakuTrebiT efeqturia qselis zrdis 

etapebze  da operatoris mxridan saWiroebs SedarebiT did 

kapitalur danaxarjebs. 

2. moqmedi mowyobilobis muSaobis efeqturobis gazrda: 

– BS antenur-fideruli sistemebis gamarTvis; 

– BS qvesistemis muSaobis sxvadasxva reJimebis 

gamoyenebisa da gamarTvis;B 

– mowyobilobis muSaobisa da gaweuli 

momsaxureobebis xarisxis monitoringis da a.S. 

CaTvliT. 

  mocemuli xerxi gansakuTrebiT efeqturia didi qselis 

pirobebSi da saWiroebs SedarebiT mcire operaciul danaxarjebs 

operatoris mxridan. 

  rogorc Cans, kavSiris qselis srulfasovani ganviTarebisTvis 

saWiroa orive tendenciis harmoniuli gamoyeneba, romelic 

mimarTulia operatoris mier miRebuli marketinguli modelis 

realizaciisken. 

  amrigad, mobiluri radiokavSiris qselis efeqturi 

funqcionirebisTvis saWiroa algoriTmebi, romlebic gvaZleven 

qselis muSaobis dinamiuri marTvis saSualebas aparatuli da 

sixSiruli resursebis minimaluri danaxarjebiT. mocemuli 
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algoriTmebi unda iTvaliswinebdnen xarisxis ZiriTadi 

maCveneblebis kontrols radioqselis marTvisas. 

  rogorc wina TavSi iyo naCvenebi, didi mniSvneloba 

radioresursebiT marTvisas gaaCnia saabonento datvirTvis 

gadanawilebas BS Soris, romelic mimarTulia mowyobilobis, 

sixSireTa speqtris Tanabari datvirTvisken, momsaxureobaSi 

mtyunebaTa procentis Semcirebisken da mTlianobaSi, abonentTa 

momsaxureobis xarisxis amaRlebisken. GSM standartis 

radioqselSi saabonento datvirTvis parametruli (fiWebis 

radiodafarvis zonebis cvlilebis gareSe) gadanawilebis 

ZiriTad instruments warmoadgens wvdomis parametrebisa da 

hendoverebis gamarTva. 

  mocemul TavSi ganxilulia dafarvisa (GSM-900) da tevadobis 

(GSM-1800) TanamimarTul seqtorebs Soris xmovani trafikis 

gadanawilebis meTodi. dasasruls Camoyalibebulia winadadebebi 

GSM-900 da GSM-1800 diapazonebs Soris xmovani da paketuri 

trafikis ganawilebaze. 

  dasaxuli amocanis gadasaWrelad unda Seiqmnas TanamimarTul 

seqtorebs Soris xmovani trafikis gadasvlis maTematikuri 

modeli. 

 

3.2. GSM-900/1800 TanamimarTuli seqtorebis xmovani 

trafikis balansi 

3.2.1. xmovani trafikis balansis pirobebis gansazRvra 

  ganvixiloT GSM standartis ordiapazoniani qseli, romelic 

emsaxureba xmovan trafiks, da romelic warmoqmnilia GSM-900/1800 

TanamimarTuli seqtorebis Semcveli sabazo sadgurebiT.   
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  TanamimarTuli seqtorebis jamuri tevadoba: 

                                     C Σ  = C 1800 + C 900,                 (3.1) 

 sadac C 1800, C 900 – Sesabamisad, C 1800 da C 900 seqtorebis tevadobaa. 

  seqtoris tevadoba (xmovani trafikis maqsimaluri moculoba, 

romelsac SeuZlia moemsaxuros seqtors gamoZaxebis blokirebis 

mocemuli albaTobisas Рb) Seesabameba erlangis ganawilebis-B 

kanons (Erlang –B). 

  cxril 3.1-Si warmodgenilia tevadobis gamoangariSebis 

Sedegebi GSM-900/1800 TanamimarTuli seqtorebis SesaZlo 

konfiguraciisTvis Рb = 0.02-is dros. 

                               cxrili 3.1.  

   

   diapazoni 

mimReb-gadamce-

mebis 

raodenoba    

(TRX) 

trafikis arxe-

bis raodenoba  

(TCHFR) 

seqtoris 

tevadoba,  C, 

erl 

GSM-1800      4     28-30    20.15-21.93    

GSM-900      2     13-14     7.4-8.2 

  TRX raodenobis arCeva damokidebulia operatorisTvis 

gamoyofil sixSirul resursze. rogorc wesi, operatorisTvis 

gamoyofil sixSireTa arxebis raodenoba 900 mhc diapazonSi 2-3 

jer naklebia, vidre 1800 mhc diapazonSi. 

  TanamimarTuli seqtorebis jamuri xmovani trafikis gamoTvla 

formuliT 

                      TΣ = T900 + T1800,               (3.2) 

sadac T900, T1800 -Sesabamisad, GSM-900 da GSM-1800 seqtorebis xmovani 

trafikia.  
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GSM-900/1800 TanamimarTul seqtorebs Soris xmovani datvirTvis 

optimaluri Tanafardoba (balansi) pasuxobs pirobas:  

                                                                                                  

=   ,                          (3.3)    

sadac T 900 opt, T 1800 opt - GSM-900, GSM-1800 seqtorebis  optimaluri 

trafikia fiqsirebuli  jamuri datvirTvisas  T Σ : 

              T 1800 opt  + T 900 opt  = T 1800  +  T 900.                                  (3.4) 

TiToeuli seqtoris mier momsaxurebuli saerTo trafiki 

SeiZleba gansxvavdebodes optimalurisagan ∆T = | ∆ T 1800 | = | - ∆ T 900 

| :           

                                 ∆ T 1800 opt   = T 1800 opt   - T 1800 ,                                    (3.5) 

                                 ∆ T 900  opt   = T 900 opt   - T 900,                                         (3.6) 

                                 ∆ T 900   + ∆ T 1800  = 0. 

TiToeuli seqtoris mier momsaxurebuli saerTo trafikis 

saerTo wilebi,  

                                 w 900 = ,                                                     (3.7) 

                                  w 1800 =  ;                                                (3.8) 

xolo trafikis optimaluri  wilebi iqneba 

 

                w 900 opt =   =                               (3.9) 

                w 1800 opt =   =                             (3.10) 

 

SemoviRoT GSM 900/ 1800 TanamimarTul seqtorebs Soris 

trafikisdisbalansiscneba:     
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                 r   =  w 1800 opt  - w 1800 = -  (w 900 opt  - w 900 )                      (3.11) 

                 r   =    -                                 (3.12)        

r   =  0 dros GSM 900/ 1800 TanamimarTuli seqtorebis xmovani 

trafiki balansirebulia; mtyunebaTa procenti kavSiris 

damyarebisas da Half Rate reJimSi momsaxurebuli trafikis wili 

minimaluria realuri datvirTva seqtorze ( T 1800, T 900 ) SeiZleba 

miRebul iqnes  statistikuri informaciidan qselis muSaobis 

Sesaxeb. (cxrili 3.1). magram interess warmoadgenen ara imdenad 

TanamimarTuli seqtorebis mier momsaxure trafikis moculobaTa 

realuri mniSvnelobebi, ramdenadac Tanafardoba maT Soris. 

 

3.2.2. GSM – 900/1800 TanamimarTul seqtorebs Soris xmovani 

trafikis gadasvlis modeli 

  ganvixiloT GSM – 900/1800 TanamimarTuli seqtorebis wyvili. 

standartis Sesabamisad TiToeuli MS xmovani gamoZaxebis reJimSi 

gadascems qsels momsaxure BS da eqvsi mezobeli BS signalis 

donis anaTvlebis Sedegebs. ordiapazoniani GSM qselebis 

operatorebi, rogorc wesi, iyeneben reJims, rodesac MR 

(measurement report) diapazonebidan TiToeulSi sami yvelaze 

Zlieri mezobeli fiWis doneebs. amitom GSM-900 seqtoris 

mobiluri sadgurebiT gadacemuli MR didi albaTobiT Seicaven 

monacemebs BCCH- SreSi GSM -1800 TanamimarTuli mezobeli 

seqtoridan wamosuli signalis donis Sesaxeb (nax. 3.1). 
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     BBS 900/1800                                             TCH 900 

               TCH 1800 

                

 

 

 

nax. 3.1. GSM- 900/1800 seqtorebis signalebis doneTa gazomva 

amave dros GSM – 1800 seqtoris mobiluri sadgurebiT 

gadacemuli MR (anaTvlebis monacemebi) Seicaven GSM – 1800 TCH 

(trafikis arxi) - SreSi signalis donis anaTvlebis Sedegebs; 

Sedegebis damuSavebisas BSC (sabazo sadgurebis kontroleri) 

axdens BS simZlavris marTvis sistemiT Setanili signalis 

Sesustebis kompensirebas, da aRadgens GSM – 1800 BCCH – SreSi 

miRebuli signalis eqvivalenturi signalis dones. miTiTebuli 

anaTvlebi agroveben qseluri mricxvelebi, romlebic 

miekuTvnebian funqcionalobas Defined Adjacent Cell (DAC) (qseluri 

mowyobilobis sxva mwarmoeblebi, agreTve, uzrunvelyofen aseTi 

statistikis Sekrebis SesaZleblobas). 

 amrigad, SeiZleba SevafasoT GSM – 1800 seqtoris BCCH – arxis 

signalis W Rx 1800 donis ganawileba abonentebis mier GSM – 900 / 

1800 orive TanamimarTuli seqtoris miRebisas (nax. 3.2). 

 

 

 

 

 

 

BCCH900                                           BCCH1800 

                                           MS1800                            MS900                                                                                                                                                                       

MSMS1800                                                          MS1800                                                          

MS1800 

                                      MS1800 
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    W Rx 1800  

                                                 ∆ a 

 

                                                  W900 

                                                                                                                W 1800 

                                                                         aopt                         a                                                          x 

 

nax. 3. 2. marTvadi  zemoqmedebis cvlilebis gansazRvra 

   

  zRvaris x=a  saSualebiT gavyoT farTobi ganawilebis mrudi W 

Rx 1800 – qveS GSM – 900 /1800 seqtorebis trafikis optimaluri 

wilebis Sesabamisad: 

Rx1800 (x)dx = W900, Rx1800 (x)dx = W1800     (3.13)      

     Semdeg zRvaris x = a opt saSualebiT ganmeorebiT gavyoT farTobi 

ganawilebis mrudi W Rx 1800 – qveS GSM – 900 /1800 seqtorebis 

trafikis optimaluri wilebis Sesabamisad:  

 Rx1800 (x)dx = W900 opt, Rx1800 (x)dx = W1800 opt.             (3.14) 

     zRvrebis sxvaoba gviCvenebs marTvadi  zemoqmedebis 

cvlilebas,  romelic saWiroa TanamimarTuli seqtorebis 

trafikis disbalansis aRmosafxvrelad:  

a a opt   dros 

           r  = w 1800 opt  - w 1800   0                                     (3.15) 

da 

             =   .         (3.16)                      
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       saWiro marTvad zemoqmedebas trafikis ganawilebaze GSM-

900/1800 ordiapazonian qselSi axdens 2 ZiriTadi meqanizmi: 

1. e.w. hendoveri Umbrella MS-s muSaobisas xmovani kavSiris 

reJimSi. Umbrella –hendoveris amoqmedebis zRvari 

hoLevelUmbrella iZleva signalis maqsimalurad saWiro dones, 

romelsac iRebs MS GSM-1800 BCCH-SreSi, romlis dros 

SesaZlebelia hendoveri GSM-900  GSM-1800. 

2. qselSi wvdomis minimaluri donis marTva GSM-1800 

TanamimarTul seqtorebze MS molodinis reJimSi yofnisas. 

qselSi wvdomis done RxLevelAccessMinimum (RxLAM), romelic 

dayenebulia GSM-1800 seqtorze, iZleva signalis 

minimalurad saWiro dones, romelsac iRebs MS GSM-1800 

BCCH-SreSi, romlis dros MS molodinis reJimSi SeiZleba 

rCebodes GSM-1800 seqtorSi. 

  aRwerili xerxis mniSvnelovan Rirsebas warmoadgens 

sawyisi monacemebis maRali utyuaroba, radgan miRebis 

doneebis statistikas uwyvetad ayalibebs GSM-900 /1800 

TanamimarTuli seqtorebis yvela abonenti. 

 

 

 

 

3.2.3. marTvadi zemoqmedebis gamoangariSebis meTodi 

 

operatorisTvis xelmisawvdomi qseluri statistika Defined 

Adjacent Cell uzrunvelyofs Semdeg sawyis monacemebs mobiluri 

sadgurebiT GSM-900 /1800 TanamimarTuli seqtorebis miRebisas 

GSM-1800 BCCH-SreSi signalis WRx 1800 donis ganawilebis 

Sesafaseblad. 
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1. GSM-1800 seqtoris RxS signalis done BCCH-SreSi 

mobiluri sadgurebis GSM-1800 sixSirian seqtorze 

miRebisas E[RxS] saSualo mniSvneloba da E[RxS2] saSualo 

kvadrati:  

 

E[RxS] = ,        (3.17) 

 

 

E[RxS2]= ,           (3.18) 

 

saidanac RxS  dispersia 

 

       Var[RxS]=E[RxS2] - [RxS]                                                     (3.19) 

 

 (indeqsi 1800 mricxvelis saxelwodebis gverdiT miuTiTebs 

seqtorze, romelsac miekuTvneba aRniSnuli mricxveli). 

   

2. mobiluri sadgurebiT GSM-900 TanamimarTuli seqtoris 

miRebisas GSM-1800 seqtoris BCCH-SreSi RxA signalis 

donis saSualo mniSvneloba E[RxA] saSualo kvadrati 

E[RxA2]: 

 

 

E[RxA] =   

                  +NUMBER_OF_SAMPLER_IN_CLASS_2_OF_ADJ_CELL_X900 +  ,             (3.20) 

                  +NUMBER_OF_SAMPLER_IN_CLASS_3_OF_ADJ_CELL_X900 

 

 

 

 

E[RxA2]  =   

                   +NUMBER_OF_SAMPLER_IN_CLASS_2_OF_ADJ_CELL_X900 +  ,             (3.21) 

                  +NUMBER_OF_SAMPLER_IN_CLASS_3_OF_ADJ_CELL_X900 
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saidanac   RxA  dispersia 

 

                           Var[RxA] =  E[RxA2] E2[RxA].                                 (3.22) 

3. GSM-1800   yvela  seqtori: 

 

 PRxS   =   

      +NUMBER_OF_SAMPLER_IN_CLASS_2_OF_ADJ_CELL_X900 +                      (3.20) 

             +NUMBER_OF_SAMPLER_IN_CLASS_3_OF_ADJ_CELL_X900 

      +NUMBER_OF_SAMPLER_IN_CLASS_2_OF_ADJ_CELL_X900 +               

 

da GGSM-900  yvela  seqtori: 

 

                       NUMBER_OF_SAMPLER_IN_CLASS_2_OF_ADJ_CELL_X900 +                     

                      +NUMBER_OF_SAMPLER_IN_CLASS_3_OF_ADJ_CELL_X900 + 

                  PRxAP  =        (3.24) 

                       NUMBER_OF_SAMPLER_IN_CLASS_2_OF_ADJ_CELL_X900 +                

                      +NUMBER_OF_SAMPLER_IN_CLASS_3_OF_ADJ_CELL_X900 + 

           +NUMBER_OF_SAMPLER_IN_CLASS_2_OF_ADJ_CELL_X900                   

 

 

(3.17–3.24)–Si Semaval mricxelebs gaaCniaT sakuTari 

unikaluri saTaurebi monacemTa bazaSi, maT mniSvnelobas 

ganmartavs cxrili 3.2. 

  GSM-1800 BCCH-SreSi GSM-900/1800 orive TanamimarTuli 

seqtoris mobiluri sadgurebiT gazomili signalis donis 

saSualo mniSvnelobebi  E[RxS], E[RxA] da dispersiebi Var[RxS], 

Var[RxA]   saSualebas gvaZleven SevafasoT W Rx 1800 saerTo 

ganawilebis parametrebi. 

 

 

 

          WRx1800    (x) = pRxS × WRxS   (x) + pRxA × WRxA  (x)                     (3.25) 
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E[Rx1800] =   (x)dx  =  pRxS  ×   (x)dx   +  

pRxA  ×   (x)dx  = pRxS  × E[RxS]  +  pRxA  ×  E[RxA]       (3.26) 

 

 

 

         mricxveli      aRwera 

AVE_DOWNL_SIGNAL_STRENGTH_IN_SERV_CELL signalis eqvivalenturi donis 

gazomili mniSvnelobebis jami 

momsaxure fiWis BCCH-SreSi DAC 

(qselis statistika mezobeli 

fiWebis mixedebiT) anaTvlebis 

periodSi miRebuli yvela MR-ze 

AVE_DOWNL_SIGNAL_STRENGTH_IN_SERV_CELL_DE

NOM 

momsaxure fiWis mier DAC 

anaTvlebis periodSi miRebuli  

MR raodenoba 

SUM_OF_SQUARES_OF_SERV_CELL_SIGNALS signalis eqvivalenturi donis 

gazomili mniSvnelobebis 

kvadratebis jami momsaxure fiWis 

BCCH-SreSi DAC anaTvlebis 

periodSi miRebul yvela MR-ze 

AVE_DOWNL_SIGNAL_STRENGTH_IN_ADJ_CELL_X,  

  X = 1,  …,  32 

signalis donis gazomili 

mniSvnelobebis jami mezobeli № X 

fiWis BCCH-SreSi DAC anaTvlebis 

periodSi miRebul da mezobeli № 

X fiWis Sesaxeb monacemebis 

Semcvel yvela MR-ze 

SUM_OF_SQUARES_OF_SIGNALS_X signalis donis gazomili 

mniSvnelobebis kvadratebis jami 

mezobeli № X fiWis BCCH-SreSi 

DAC anaTvlebis periodSi miRebul 

da mezobeli № X fiWis Sesaxeb 

monacemebis Semcvel yvela MR-ze 

NUMBER_OF_SAMPLES_IN_CLASS_Y_OF_ADJ_CELL_X 

X = 1,  …,  32;     Y = 1,  …,  3 

DAC anaTvlebis periodSi 

miRebuli da mezobeli № X fiWis 

Sesaxeb monacemebis Semcveli  MR 

raodenoba; Y klasi miuTiTebs 

momsaxure fiWisa da   mezobeli № 

X fiWis signalis doneebis 

Tanafardobaze 

  

 

 

 



108 

 

Var[Rx1800] = E[Rx1800])2 WRx1800  (x)dx= 

=pRxS × x2 – 2x × E[Rx1800] + E2[Rx1800])WRxS  (x)dx + 

+ pRxA  × x2 – 2x × E[Rx1800] + E2[Rx1800])WRxA  (x)dx = 

= pRxS ×  (E[RxS2] – 2x × E[Rx1800]×E[RxS] + E2[Rx1800])          (3.27) 

+ pRxA ×  (E[RxA2] – 2x × E[Rx1800]×E[RxA] + E2[Rx1800]) = 

= pRxS ×  (Var[RxS] + E2[RxS]) + pRxA ×  (Var[RxA] + E2[Rx1800])+ 

+ ( pRxS + pRxA )×E2[Rx1800] – 2 × E[Rx1800] ( pRxS ×E[RxS] + pRxA × 

E[RxA]) = pRxS ×  (Var[RxS]) + pRxA  ×  (Var[RxA] + E2[RxA]) –  

-  (pRxS  × E[RxS] + pRxA × E[RxA])2 

      me-2 Tavis Sesabamisad, unda miviCnioT, rom signali trasaze 

BS  MS ganicdis saSualo danakargebisa da logariTmul 

normalur miyeCebebis zemoqmedebas. es saSualebas gvaZlevs 

ganvixiloT signalis done (db) GSM-1800 BCCH-SreSi 

TanamimarTuli seqtorebis mobiluri sadgurebiT miRebisas 

normaluri SemTxveviTi mniSvneloba NRx1800 (E[Rx1800], db; 

Var[Rx1800], db). 

  marTvadi zemoqmedebis donis mimdinare Sefasebisas â (Umbrella-

hendoveris amoqmedebis zRvruli donis, hoLevelUmbrella) Sefaseba 

SeiZleba miRebul iqnes pirobebidan 

     Rx1800  (x)dx = w900,        Rx1800 (x)dx = w1800                           (3.28) 

sadac w900,  w1800 – GSM-900, GSM-1800 seqtorebis trafikis mimdinare 

wilebi:    

w1800 =                                  (3.29) 

            + AVE_DOWNL_SIGNAL_STRENGTH_IN_SERV_CELL_DENOM1800 

 

              w 900  = 1 – w 1800                                                                          (3.30) 

ar aris rTuli vaCvenoT, rom 
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      ‰â = - Var[Rx1800] ×Φ-1  (w1800) + E[Rx1800]                                     (3.31) 

sadac funqcia Φ-1 (w1800) - albaTobis integralis uku funqciaa           

Φ (x) =        dz.  

    marTvadi zemoqmedebis optimaluri donis â opt  Sefaseba unda 

pasuxobdes pirobebs 

       Rx1800  (x) dx =  w 900opt,    Rx1800  (x) dx  = w1800opt     (3.32) 

 

âopt  = -  Var[Rx1800] ×Φ-1  (w1800 opt) + E[Rx1800]                                             (3.33) 

sadac w 1800opt =  ;   w 900opt = 1 - w 1800opt  - GSM-900,  GSM-1800 

seqtorebis trafikis optimaluri wilebi. 

   amrigad, marTvadi zemoqmedebis aucilebeli cvlileba tolia 

∆â = â opt – â = - Var[Rx1800] ( Φ-1  (w1800 opt) - Φ-1  (w1800 ))                              (3.34) 

TanamimarTul seqtorebs Soris trafikis gadanawilebis 

efeqturoba SeiZleba miRweul iqnes mxolod fiWebis 

reseleqciisa da hendoveris ZiriTadi procedurebis 

SeTanxmebuli cvlilebisas. gadasaWreli amocanis CarCoebSi aseT 

parametrebs warmoadgenen: 

1. hoLevelUmbrella 900 1800 - Umbrella – hendoveris amoqmedebis 

zRvari GSM-900 seqtoridan mis TanamimarTul GSM-1800 

seqtorze. 

2. hoMarginPBGT 900 1800 - GSM-900 /1800 TanamimarTul seqtorebs 

Soris simZlavris biujetis hendoveris amoqmedebis zRvrebi 

(PBGT). 

3. RxLAM 900, RxLAM 1800 - Sesabamisad, GSM-900 da GSM-1800 

seqtorebze dayenebuli qselSi wvdomis minimaluri doneebi. 
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4. C2 900,  C 1800 – Sesabamisad, GSM-900 da GSM-1800 seqtorebze C2 

reseleqciis kriteriumis gamoyeneba. 

5. CRO1800-reseleqciis pirobis cvlileba (CellReselectionOffset) C2 

kriteriumiT  GSM – 1800 seqtorze. 

  gadasaWreli amocanis CarCoebSi marTvadi zemoqmedebis 

mniSvnelovan (wamyvan) parameters warmoadgens hoLevelUmbrella ; 

danarCeni parametrebi cnobilia da icvlebian wamyvanis 

Sesabamisad. miviRoT Umbrella – hendoveris amoqmedebis donis 

aucilebeli sidide  

            ∆hoLevelUmbrella = ∆a                                                 (3.35) 

hoLevelUmbrella dasaSveb mniSvnelobaTa are SemovfargloT 

diapazoniT [-95,-50] dbm, radgan hoLevelUmbrella - 95 dbm 

sagrZnoblad uaresdeba saubris gadacemis xarisxi (AMR 

(adapturi multiCqarosnuli kodeki)– kodekis gamoyenebiTac ki), 

xolo hoLevelUmbrella  - 50dbm dros trafikis ramdenadme 

SesamCnevi gadanawileba ar xdeba. 

  GSM -900  GSM-1800 hendoveris simZlavris biujetis amoqmedebis 

zRvari icvleba xazovnad hoLevelUmbrella-ze damokidebulebiT: 

                  hoMarginPBGT 900  1800 = hole velUmbrella  + 86 db,  (3.36) 

rac saSualebas gvaZlevs davblokoT xmovani trafikis 

ukudena GSM-1800 SreSi marTvadi parametris maRali 

mniSvnelobebis areSi (hoLevelUmbrella = - 50 dbm  hoMarginPBGT 

900  1800 = 36 db) da damatebiT vastimuliroT GSM-1800 SreSi 

xmovani trafikis ukudena marTvadi parametris dabali 

mniSvnelobebis dros 

 (hoLevelUmbrella = - 95 dbm  hoMarginPBGT 900  1800 = - 9 db). 
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  GSM -1800  GSM-900 hendoveris simZlavris biujetis amoqmedebis 

zRvarma saimedod unda dablokos trafikis ukudena GSM – 1800 

Sridan da uzrunvelyos trafikis maRali absorbcia SreSi 

tevadobiT: 

                   hoMarginPBGT = 63 db  (maximum).           (3.37) 

     qselSi wvdomis done GSM-900 dafarvis Sris seqtorebze ar 

unda iyos damokidebuli saabonento datvirTvaze da unda 

uzrunvelyofdes qselis misawvdomobas seqtoris tipisa da 

daniSnulebis Sesabamisad:  

                     RxLAM = const.                                             (3.38) 

          qselSi wvdomis done GSM-1800 tevadobis Sris seqtorebze 

tolia 

             hoLevelUmbrella,  hoLevelUmbrella  - 85 dbm 

   RxLAM =                                                                                                         (3.39) 

                          - 85  dbm,               hoLevelUmbrella  - 85 dbm 

 

   es saSualebas gvaZlevs sinqronulad SevcvaloT GSM – 1800 

seqtoris momsaxureobis zonis zomebi MS – Tvis xmovani 

gamoZaxebis reJimSi da molodinis mdgomareobaSi (hoLevelUmbrella 

 - 85 dbm dros). meores mxriv, aRniSnuli zoma uzrunvelyofs 

momsaxureobis xarisxs GSM-1800 tevadobis SreSi (hoLevelUmbrella 

 - 85 dbm) sasignalo da sapaketo trafikisTvis. 

  reseleqciis kriteriumi C2 unda iyos aqtiuri mxolod GSM-

1800 tevadobis Sris seqtorebze: 

                  C2 900 = FALSE,   C2 1800 = TRUE.                             (3.40) 
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         reseleqciis pirobis cvlileba  CRO1800  GSM-1800 seqtorebze 

arCeulia Semdegi mosazrebidan gamomdinare. dafarvis Sridan 

trafikis intensiuri acilebis aucileblobisas kavSiris 

damyareba SeZlebidagvarad unda gadiodes uSualod tevadobis 

SreSi. maSasadame, GSM -1800 mTeli momsaxureobis zonis sigrZeze 

GSM -1800 seqtoris mimzidveloba MS –Tvis molodinis reJimSi 

unda iyos 

                          C2 1800  C2 900  - ze maRali.  

     GSM -1800 momsaxureobis zonis periferiaze (e.i. RxLev1800 = min 

RxLAM 1800) = - 85 dbm (3.39) moviTxovT, rom 

                           C2 1800  C2 900                                        (3.41) 

        miviRebT ra doneebis sxvaobasGGSM – 1800 seqtoris kideze 

GSM – 900 da GSM – 1800 TanamimarTuli seqtorebis signalTa 

miRebisas 

                         RxLev 900  - RxLev 1800 = 10 db        (3.42) 

tolad,  vRebulobT gamosaxulebas: 

                        C2 1800   C2 900  

                                                C1 1800  + CRO 1800    C1 900   (3.43) 

                                                                                   CRO 1800    C1 900  -  C1 1800                    

                       CRO 1800    RxLEV900 – RxLAM 900 –  (RxLEV 1800 – RxLAM 1800) 

                       CRO 1800    10 db – 85 dbm – RxLAM 900 = - 75dbm - RxLAM 900       

          CRO (0, 2, …, 126 db) dasaSvebi mniSvnelobebis aris 

gaTvaliswinebiT jamuri gamosaxuleba miiRebs Semdeg saxes:    

                      CRO 1800  =  2 × int [ (- 75 – RxLAM ) / 2]               (3.44) 

sadac int [ ] – ricxvis mTeli nawilis gamoyofis operatoria. 
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  amrigad, qselSi wvdomis tipiuri pirobebisas RxLAM 900 = -110 dbm 

(regioni) da RxLAM 900 = - 105 dbm (qalaqi) reseleqciis pirobis 

cvlileba iqneba CRO 1800 = 34 db (regioni) da CRO 1800 = 30 db 

(qalaqi). 

  CRO 1800 Semdgomi gazrda saSiSia imiT, rom GSM – 1800 

seqtorebis momatebuli mimzidvelobisa ( C2 1800) da molodinis 

reJimSi MS anaTvlebis didi periodis (5–10wm) gamo GSM - 1800  

fiWebis sawyisi reseleqciebi moxdeba didi 

dagvianebiT.Uupirveles yovlisa, es aisaxeba monacemebis paketuri 

gadacemis saxiT xmovani kavSirebis damyarebis warmatebulobaze. 

 

 

3.3. GSM – 900 / 1800 TanamimarTuli seqtorebis xmovani trafikis 

regulirebis algoriTmi 

zogadi moTxovnebi GSM - 1800 da GSM – 900 TanamimarTuli 

seqtorebis xmovani trafikis regulirebis algoriTmisadmi 

SeiZleba Semdegnairad iqnes Camoyalibebuli : 

1. algoriTmi unda sruldebodes ciklurad (Sesrulebis 

rekomendirebuli periodi 7 dRea) 

2. regulirebis aucilebeli piroba unda iyos seqtorebze 

sakmarisi datvirTvis arseboba : 

 

          W900  =  0, 5     an      W1800  =  0, 5.    

   

3.  aucilebel pirobas regulirebis (marTvadi zemoqmedebis 

cvlilebis) dasawyebad warmoadgens trafikis 

disbalansis absoluturi mniSvnelobis gadameteba mocemul 

zRvarze : 

                     | r| = |w1800 opt  - w 1800|   1. 
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4. marTvadi zemoqmedeba ar unda scildebodes dasaSvebi 

mniSvnelobebis diapazonis farglebs :  

 

                         [ min,  max].     

5. regulirebis (marTvadi zemoqmedebis cvlilebis) procesi 

wydeba mocemul zRvars qvemoT trafikis disbalansis 

absoluturi mniSvnelobis Semcirebisas: 

    

                                               | r|    1,  2  1 

 

     Camoyalibebuli moTxovnebisa da naSromis wina TavebSi 

gadmocemuli kvlevebis Sedegebis safuZvelze SemuSavebul iqna 

GSM-900/1800 TanamimarTuli seqtorebis xmovani trafikis 

regulirebis Semdegi algoriTmi (nax.3.3). 

  algoriTmis SemadgenlobaSi Semavali blokebis funqciuri 

daniSnuleba 

1. Loop_cnt  ciklebis mricxvelis ganuleba 

2. GSM-900/1800  TanamimarTuli seqtorebis C900, C1800 

tevadobis gamoangariSeba (erlang-B kanonisa da 

seqtorebis mimdinare konfiguraciis Sesaxeb 

monacemebis safuZvelze) da maTi trafikis Ť900,  Ť1800 

Sefaseba algoriTmis Sesrulebis periodis tol 

dakvirvebis periodSi (7 dRe). 

3. sadac 0, 48 wm – GSM standartSi SACCH – kadris 

xangrZlivobis tol MR formirebis periodia; j = 1, …, 7 

– dRe-Ramis rigiTi nomeri dakvirvebis periodSi. 
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                                       1 

                                                             

                                                               2 

                                                             

                                                 3   3 

                                                                  

                                                              4   

                                                                                 

                                                           5  ara                  6 ara               

                                                  diax                  

                                           diax                                                                                                                                                            

                        9    ara               7    diax 

 

                 diax                        ara 

                                                  

   10         8 

 

 ara                         11 

 

                   

12 

 

                               

   nax 3. GSM-900/1800  TanamimarTuli seqtorebis marTvis 

algoriTmis ganzogadebuli sqema          

l  [ min, max ] 

Loop_cnt  = 

Loop_cnt   +  1 

C900, C1800, Ť900, Ť1800 

dasawyisi 

     Loop_cnt  = 0 

  r =  – 

 

    | r|    1 Loop_cnt 1 

    | r|    2 

 

  0,5OR   

0,5 

       ; l axali mniSvnelo- 

   Bis  gamoangariSeba 

            l   gamoyeneba 

l  =  l - 1 
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   seqtorebis trafikis saxiT SeiZleba gamoyenebul iqnes 

anaTvlebis periodis DAC ganmavlobaSi seqtorebiT dagrovili 

MR raodenoba: 

T900 (j) = ,       (3.45) 

T1800  (j)  =           

პრაქტიკაში  DAC სტატისტიკის შეგროვების პერიოდი საგრძნობად 

შეიძლება iyos gadanacvlebuli individualuri uds seqtorebis 

mimarT. amitom uds - trafikis uSualo mniSvnelobebi T900 (j),  T1800 

(j) saxiT ukeTesia aviRoT qselis muSaobis saaTobrivi 

statistikidan. amisaTvis gamoiyeneba mricxvelebi AVE_BUSY_TCH 

da RES_AVAIL_DENOMINATOR_14 

                                            T  =   

     saZebn Sefasebebs miviRebT Tanafardobidan 

                                                  Ť900   =   ×  (T900  (j)  + T900  (k)),   

                                                  Ť1800  =   ×  (T1800  (j)  + T1800  (k)),   

   sadac j, k = 1, …, 7,  j  k – gavlili periodis ori dRe–Ramea, 

romelTa ganmavlobaSi dafiqsirebul iqna TanamimarTuli 

seqtorebis udidesi jamuri trafiki: 

 Max (T900 (j) + T900 (k) +T1800 (j) + T1800 (k)),               j,  k  = 1,  …,  7         (3.46)                                                                                                                                                                                                                           
j,  k                                                                                                                                                               

  j                    

ori dRe-Ramis arCeva  (j, k) maqsimaluri jamuri trafikiT 

ganpirobebulia ori mizeziT. jer erTi, es saSualebas gvaZlevs 

SevamciroT Secdoma, romelic gamowveulia trafikis anomaluri 

cvlilebebiT mezobeli BS droebiTi gamorTvebis, masobrivi 
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RonisZiebebisa da a.S. garda. meorec, es saSulebas gvaZlevs 

ukeTesad gaviTvaliswinoT sxvadasxva adgilas trafikis kviriani 

cvlilebis Taviseburebebi. magaliTad, rig fiWebze msxvil 

qalaqebSi maqsimaluri trafiki fiqsirdeba samuSao kviris bolo 

dReebSi – xuTSabaTsa da paraskevs; saagarako dasaxlebebSi 

maqsimaluri trafiki fiqsirdeba dasvenebis dReebSi – SabaTsa da 

kviras, gansakuTrebiT zafxulis periodSi (nax. 3.4). 

 

     T,  erl                                                                                     T,  erl          

 

 

 

 

 

  ორ სამშ  ოთხ  ხუთშ  პარ შაბ   კვ                       კვირის დღეები                             ორ   სამშ  ოთხ  ხუთშ  პარ  შაბ   კვ         

კვირის დღეები 

a) qalaqi zafxuli                       b) qalaqis gare ubani,   

 

nax. 3.4. trafikis ganawileba kviris mixedviT 

 

3. ciklebis mricxvelis inkrementacia. Loop_cnt mniSvnelobis 

Sesabamisad algoriTmi sxvadasxva xarisxiT sazRvravs mocemul 

nabijze marTvadi zemoqmedebis cvlilebis maqsimalurad 

dasaSveb sidides max (χi – χi-1). 

4. trafikis disbalansis Sefaseba 

                     δ T  =   -       

5. pirobis | δT |  δ1  Semowmeba. dadebiTi Sedegis SemTxvevaSi 

saWiroa marTvadi zemoqmedebis koreqcia (bloki 10). 
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6. pirobis Loop_cnt  1 Semowmeba. uaryofiTi Sedegi niSnavs imas, 

rom dakvirvebebis mimdinare (i) da wina (i – 1) periodebSi trafikis 

disbalansma ar gadaaWarba zRvars δ1 : 

                                      δ T  i-1   δ1,     δT I  δ1 ; 

TanamimarTuli seqtorebis trafiki SeiZleba cnobil iqnes 

balansirebulad; ar arsebobs marTvadi zemoqmedebis koreqciis 

aucilebloba (bloki 8). 

7. pirobis | δT |  δ1  Semowmeba. dadebiTi Sedegi niSnavs imas, rom 

momdevno  (i – 1) periodis Sedegebis mixedviT Catarebuli 

marTvadi zemoqmedebis koreqciis Sedegad aRdgenil iqna 

trafikis balansi. zRvarTa Tanafardoba δ2  δ1 uzrunvelyofs 

histereziss, romelic saWiroa algoriTmis stabiluri 

muSaobisTvis. 

  Semowmebis uaryofiTi Sedegi niSnavs imas, rom  

                                           δ 2  δ T  δ 1,  

da TanamimarTuli seqtorebis trafiki ar aris sabolood 

balansirebuli; saWiroa marTvadi zemoqmedebis Semdgomi 

koreqcia. 

8. marTvadi zemoqmedebis SenarCuneba winandel doneze: 

                                           χ i = χ i -1. 

9. TanamimarTuli seqtorebis mimdinare datvirTvis Semowmeba: 

                              w 900  =   0, 5 OR w1800 =     0, 5. 

uaryofiTi Sedegi niSnavs imas, rom orive TanamimarTuli 

seqtoris tevadoba gadaWarbebulia; trafikis balansis aRdgenis 

aucilebloba ar arsebobs. 
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10. marTvadi zemoqmedebis χ I donis gamoangariSeba mimdinare 

periodSi. marTvadi zemoqmedebis χi qveS aq vigulisxmebT wina 

punqtSi aRweril qseluri parametrebis nakrebs. 

  p. 3. 2. 3. meTodikis Tanaxmad marTvadi zemoqmedebis 

optimaluri cvlilebis gamosaangariSeblad saWiro statistika 

SerCeulia TanamimarTuli seqtorebis maqsimaluri saerTo 

trafikis pirobis Sesabamisad (3.46). 

11. dasaSvebi mniSvnelobebis aris: [χ min, χmax] Sesabamisobis 

Semowmeba 

12. marTvadi zemoqmedebis axali mniSvnelobis gamoyeneba. 

radioqselSi parametrebis axal mniSvnelobaTa eqsporti. 

 

 

    AalgoriTmis praqtikuli gamoyenebis magaliTi 

  ganvixiloT GSM – 900/1800 TanamimarTuli seqtorebis xmovani 

trafikis balansis algoriTmis praqtikuli gamoyenebis magaliTi. 

qalaqis erT – erTi BS - s TanamimarTuli seqtorebis uds 

trafikis cvlilebis qronologia warmodgenilia nax. 3.5 a, b –ze. 

periodi algoriTmis gamoyenebis dawyebamde moicavs dakvirvebis 

pirvel 85 dRes. pirveli 15 dRe xmovani trafiki 

(Voice_GSM900/1800) praqtikulad balansirebuli iyo (nax. 3.5 g), 

magram aRemateboda orive seqtoris FR–tevadobas  

(Limit_FRGSM900/1800 = 7, 4 erl), ris Sedegadac 30–e dRes GSM -1800 

seqtoris tevadoba gaafarToves 21 erl-mde ori TRX damatebiT. 

gafarToebisas iyenebdnen kombainers, ramac gauaresa GSM–1800 

radiodafarva DL mimarTulebiT 3, 5 db-Ti, gamoiwvia trafikis 

ukudena da gazarda TanamimarTuli seqtorebis xmovani 

datvirTvis disbalansi 30 – 40% - mde. 
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 algoriTmis muSaobis dawyeba modis 85 -95 -e dRis 

periodze. parametrebis koreqciis Sedegad moxerxda xmovani 

datvirTvis gadanawileba da disbalansis Semcireba 5 – 10% - mde, 

xolo Semdgom qvemoTac. 

 seqtorebis gadatvirTva pirvel 15 – 20 dReSi sagrZnobia 

10% - mde Congestion zrdasTan erTad (Cong_GSM900/1800 - uds 

drois wilia, romlis ganmavlobaSic seqtoris trafikis yvela 

arxi dakavebulia). gadatvirTvebis kompensaciisTvis trafikis 

nawili momsaxurebul iqna HR reJimSi. nax. 3. 5a, b –ze wyvetili 

xaziT naCvenebia FR zeda saangariSo zRvari 

 VoiceFR_GSM900/1800 = Voice_GSM900/1800 – 2 ( Voice_GSM900/1800 – 

LimitFRGSM900/1800) = 2 × LimitFRGSM900/1800 – Voice_GSM900/1800 

  trafiki, romelic aRemateba VoiceFR_GSM900/1800 sidides 

gamotovebul unda iqnes HR – kodekiT. rogorc nax. 3. 5 a, b – dan 

gamomdinareobs, trafikis balansis algoriTmis muSaobis 

dawyebis Semdeg HR reJimis gamoyenebis aucilebloba aRar aris. 

                   



121 

 

 

                      

nax. 3.5. xmovani trafikis balansi 
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3.4. winadadebebi GSM – 900/1800  TanamimarTuli seqtorebis xmovani 

da paketuri trafikis ganawilebaze 

 

  mesame Tavis wina punqtebSi Camoyalibebul iqna GSM – 900/1800 

ordiapazoniani qselis TanamimarTuli seqtorebis xmovani 

trafikis marTvis principi da SemoTavazebul iqna misi 

realizaciis algoriTmi. amocanis dayenebisas Cven gamovdiodiT 

iqedan, rom ZiriTad datvirTvas radioqselSi qmnis abonentebis 

xmovani trafiki. GSM (E)GPRS Tanamedrove qselebis saabonento 

datvirTvis mniSvnelovan wils Seadgens monacemebis gadacemis 

paketuri trafiki. amrigad, aqtualuria Semdegi sakiTxebi: 

1. rogor SeiZleba gamoyenebul iqnes SemoTavazebuli meTodi 

GSM-900/1800 TanamimarTuli seqtorebis Sereuli xmovani da 

paketuri trafikis marTvisTvis. 

2. rogoria qseluri resursis gamoyenebis TvalsazrisiT GSM-

900/1800 diapazonebs Soris xmovani da paketuri trafikis 

optimaluri ganawileba 

  CamovayaliboT pasuxebi dasmul SekiTxvebze cnobili 

SezRudvebis gaTvaliswinebiT. 

  GSM-900/1800 TanamimarTuli seqtorebis xmovani da paketuri 

trafikis marTva zemoT Camoyalibebuli principis gamoyenebiT 

SesaZlebelia. amisaTvis unda SevafardoT erTmaneTs seqtoris 

arxismieri resursis danaxarjebi xmovani da paketuri saabonento 

datvirTvis momsaxureobaze. 

  miRebulia momsaxurebuli xmovani trafikisa Sefaseba 

erlangebSi. GSM (E)GPRS qselebSi gadacemuli paketuri trafikis 

Sesafaseblad iyeneben sxvadasxva xerxebs. gavakeToT maTi mokle 

mimoxilva. 
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 Tavisi simartivisa da sicxadis gamo yvelaze didi 

gavrceleba hpova baitebSi gadacemuli monacemebis moculobis 

uSualo gazomvis xerxma. Tumca, mocemulma sazomma erTeulma, 

romelic Seucvlelia farTo wris amocanebis gadaWrisas, ar 

varga arxismieri resursis danaxarjebis Sesafaseblad, radgan 

GSM (E)GPRS qselebSi monacemebis fiqsirebuli moculobis 

gadasacemad arxis dakavebis dro damokidebulia mraval 

faqtorze (CS/MCS) modulaciisa da kodirebis sqema, blokuri 

Secdomebis koeficienti (BLER), DAP (Dynamic A-bis Pool) datvirTva,  

Gb – interfeisis datvirTva da a. S.) 

 rig wyaroebSi [47, 68] gvTavazoben seqtoris mier (E)GPRS –

radioblokebis gadacemaze daxarjuli saerTo drois Sefasebasa 

da erlangebiT mis pirobiT gazomvas: 

             Data Erlang = NRB  × TRB   / 3600,                                    (3.47) 

sadac NRB - gadacemuli radioblokebis raodenobaa (cal–calke 

DL da UL mimarTulebebiT), TRB=0,02-erTi radioblokis 

xangrZlivoba. 

  ganvsazRvravT ra qseluri statistikidan UL/DL 

mimarTulebebiT gadacemuli radioblokebis raodenobas, 

SeiZleba SevafasoT paketuri datvirTvis momsaxureobisTvis 

seqtoris arxismieri resursis gamoyenebis “sufTa” dro. Tumca, 

GSM (E)GPRS komerciuli qselebis eqspluataciis praqtika 

gviCvenebs, rom monacemebis paketuri gadacemis dros seqtoris 

arxismieri resursis Sekavebis saerTo dro mniSvnelovnad 

aRemateba gadacemuli radioblokebis jamur xangrZlivobas. 

amrigad, (3.47) Tanafardoba srulyofilad ar afasebs realur 

moTxovnilebebs arximier resursSi, xolo mis gamoyenebas 

radioqselis tevadobis gamoangariSebisas mivyavarT mcdar 

Sedegebamde. 
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  problemis gadaWris SesaZlo xerx warmoadgens seqtoris 

arxismieri resursis Sekavebis saerTo drois gamoyeneba paketuri 

datvirTvis momsaxureobisas. avRniSnoT is Tdata. 

  mocemuli sidide SeiZleba SevafasoT operatorisTvis 

xelmisawvdomi qseluri statistikis saSualebiT. magaliTad, 

mricxvelebi AVE_GPRS_CHANNELS da RES_AVAIL_DENOMINATOR_27  

romelTa Sefardeba  

     AVE_GPRS_CHANNELS / RES_AVAIL_DENOMINATOR_ 27  

 gviCvenebs anaTvlebis periodis ganmavlobaSi saSualo 

seqtoris RTSL raodenobas, romlebic konfigurirebul iqnen 

monacemebis paketuri gadacemisTvis. radgan GSM (E)GPRS realur 

qselebSi cdiloben SeinarCunon paketuri teritoriis sidide 

minimalurad saWiro doneze (PCU – packet control unit resursebis 

ekonomiisTvis), seqtoris paketuri teritoriis RTSL 

gamoangariSebuli saSualo raodenoba axlos iqneba saZebn 

sididesTan Tdata. 

  amrigad, trafikis balansis amocana SeiZleba dayvanil iqnes 

saerTo saabonento datvirTvamde – xmovanamde  ( T900voice,  T1800voice)  da 

paketuramde (T900data, T1800data) – TanamimarTuli seqtorebis arxismieri 

tevadobis Sesabamisad:   

            =   =  .         (3.48) 

     operatoris SesaZleblobebi cal – calke marTos 

seqtorebis xmovani da paketuri trafikis ganawileba 

mniSvnelovnad SezRudulia standartiT. cal – calke marTvis 

realizacia saWiroebs marTvis damatebiTi arxis - PBCCH 

samauwyeblo arxis danergvas, rac amcirebs saabonento 

trafikisaTvis xelmisawvdom seqtoris arxismier tevadobas da 

sixSireTa speqtrisa da mowyobilobis utilizaciis efeqturobas. 
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amitom GSM (E)GPRS umravles moqmed qselSi arxma PBCCH ver 

hpova praqtikuli gamoyeneba da MS, romlebic gadascemen an 

iReben paketur trafiks, emorCilebian C1, C2 fiWebis seleqciisa 

da reseleqciis kriteriumebs. Tumca, parametrebi, romlebic 

sazRvraven fiWebis seleqcia/ reseleqcias – RxLAM da CRO – ukve 

iyo amoqmedebuli xmovani trafikis asawyobad (p. 3. 2. 3). 

maSasadame, xmovani datvirTvis marTva unda uzrunvelyofdes 

xmovani trafikis iseT ganawilebas, romlis dros TanamimarTuli 

seqtorebis Sereuli trafiki iqneba balansirebuli. 

  xmovani da paketuri trafiki erTi mimarTulebiT reagireben 

marTvadi zemoqmedebis cvlilebaze: hoLevelUmbrella 900 1800  da 

RxLAM 1800 sinqronuli Semcirebisas (p. 3.2.3) rogorc xmovani, ise 

paketuri trafiki gadainacvleben GSM – 1800 SreSi da piriqiT. 

magram paketuri datvirTvisadmi xmovani datvirTvisTvis 

miRebuli marTvadi zemoqmedebis gamoangariSebis Sedegebis 

gamoyeneba arakoreqtulia, radgan xmovani abonentebis 

momsaxureobisas dagrovili DAC  statistika ar Seesabameba 

paketuri abonentebis momsaxureobis pirobebs xmovani da 

paketuri trafikis ganawilebis simkvriveTa mniSvnelovani 

gansxvavebebis gamo. CavTvliT, rom paketuri trafikis 

mosalodneli gadanawileba regulirebis morig nabijze Zalze 

mcirea da davgegmoT saerTo (xmovani da paketuri) trafikis 

gadanawileba, mxolod xmovani datvirTvis mosalodneli 

gadanawilebidan gamomdinare. paketuri trafikis momdevno 

faqtiur gadanawilebas gaviTvaliswinebT disbalansis 

Sefasebisas da marTadi zemoqmedebis gamoangariSebisas 

regulirebis Semdeg nabijze. maSin GSM – 900/1800 TanamimarTuli 

seqtorebis xmovani trafikis optimaluri balansis piroba 

SeiZleba Semdegnairad CavweroT: 
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            =         (3.49) 

     sadac  w900voice  =  w900voice   

GSM-900 xmovani trafikis mimdinare wilia TanamimarTuli 

seqtorebis saerTo saabonento datvirTvaSi;  

w900data =  w900data  GSM-900 

monacemebis trafikis mimdinare wilia TanamimarTuli seqtorebis 

saerTo saabonento datvirTvaSi; 

w1800voice =  w1800voice  GSM-1800 

xmovani trafikis mimdinare wilia TanamimarTuli seqtorebis 

saerTo saabonento datvirTvaSi; 

w1800data =  w1800data  GSM-1800 

xmovani trafikis mimdinare wilia TanamimarTuli seqtorebis 

saerTo saabonento datvirTvaSi; 

C900,  C1800   ] 0; + [ _ saabonento trafikis momsaxureobisTvis 

gamoyofili GSM-900, GSM–1800 seqtorebis arxismieri tevadobebi. 

  (3.49)–Si Semavali cvladi sidideebis dasaSveb mniSvnelobaTa 

intervalebi iseTia, rom  (3.49) gansazRvris are scildeba {0;1] 

monakveTis farglebs da, maSasadame,  rig SemTxvevebSi xmovani da 

paketuri trafikis optimaluri balansis piroba fizikurad 

ararealizebadia seqtorebis arsebuli arxismieri tevadobisas: 

       w1800data       0,         (3.50) 

   1  -  w1800data       1.     (3.51) 

      (3.50,   (3.51) SemTxvevebSi saWiroa marTvadi  zemoqmedebis  a  

iseTi doneebis arCeva,  romlis dros xmovani da saerTo 
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trafikis realuri ganawileba iqneba yvelaze axlo 

optimalurTan:  

= max,  

       (3.52) 

                                                                                                          

= min,   

                (3.53) 

 aseTi seqtorebis tevadoba ar pasuxobs realuri 

saabonento datvirTvis pirobebs, xolo TviTon seqtorebi 

ganicdian rekonfiguracias – GSM–900/1800  mimReb – gadamcemebis 

mocileba/damatebas. 

  Aamrigad, p. 3.3. – Si aRwerili GSM–900/1800 TanamimarTuli 

seqtorebis xmovani trafikis balansis algoriTmi SeiZleba 

gamoyenebul uqnes Sereuli xmovani da paketuri trafikis 

balansisTvis Semdegi SesworebiT TanafardobebSi (3.33, 3.34): 

                    0,             0 

W1800opt  =       0   1.       

                    1,              1     (3.54) 

 

amasTanave, algoriTmSi (nax. 3.4) monawile xmovani trafikis 

disbalansis parametri  

δT  =    -  ,          (3.55)  
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xolo saerTo,  xmovani da paketuri,  trafikis disbalansi 

δTvoice&data    =    -     (3.56) 

 

 

     algoriTmis praqtikuli gamoyenebis magaliTi  

  ganvixiloT GSM – 900/1800  TanamimarTuli seqtorebis xmovani 

da paketuri trafikis balansis algoriTmis praqtikuli 

gamoyenebis magaliTi. qalaqis erT – erTi BS TanamimarTuli 

seqtorebis uds trafikis cvlilebis qronologia warmodgenilia 

nax. 3.6 a, b –ze. Pperiodi algoriTmis dawyebamde moicavs 

dakvirvebis pirveli 25 dRes, romelTa ganmavlobaSi xmovani 

trafiki (Voice_CSM900/1800) kargad iyo balansirebuli, xolo 

paketuri trafiki (DataT_GSM900/1800) iyo koncentrirebuli 

upiratesad GSM -900 seqtorSi. Sedegad TanamimarTuli 

seqtorebis saerTo trafikis disbalansi aRemateboda 10% (nax, 3.6 

g), xolo UL/DL TBF (temporary block flow) jamuri blokirebebi GSM – 

900 seqtoris uds –Si refularulad aRematebodnen 10 – 20% (UL + 

DL_TBF_BLOKING_BH_GSM900 nax. 3.7 a–ze), rac sagrZnoblad 

amcirebda monacemebis paketuri gadacemis momsaxureobaTa 

xarisxs. 

  algoriTmis muSaobis dawyeba modis 25 – 35-e dRis periodze. 

parametrebis koreqciis Sedegad moxerxda xmovani da paketuri 

datvirTvis gadanawileba iseTnairad (nax. 3.6 a, b, nax. 3.7 a, b), 

rom saerTo trafikis disbalansi Semcirda 5% - mde, xolo 

SemdgomSi ufro qvemoTac (nax. 3.6 g). TanamimarTuli seqtorebis 

jamuri paketuri trafiki gaizarda 2 jer: 500 – dan 1000 mb – mde 

dRe – RameSi (nax. 3.7 g); mniSvnelovnad Semcirda TBF blokirebebi 

GSM – 900 seqtorSi. 
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  safasurad miRebuli upiratesobebisTvis iqca GSM–1800 

saangariSo HR–trafikis Voice_GSM1800–VoiceFR_GSM1800-is zrda 

(nax. 3.6 b). 

 

 

nax. 3.6. GSM – 900/1800 TanamimarTuli seqtorebis arxismieri 

resursis gamoyeneba 
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nax. 3.7. GSM -900/1800  TanamimarTuli seqtorebis monacemebis 

trafiki 
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  pasuxi kiTxvaze qseluri resursis gamoyenebis TvalsazrisiT 

optimaluri, GSM900/1800 diapazonebs Soris xmovani da paketuri 

trafikis ganawilebis Sesaxeb damokidebulia GSM (E)GPRS 

ordiapazoniani radioqselis eqspluataciisa da ganviTarebis 

zogad da kerZo pirobebze.  

1. eqspluataciisa da ganviTarebis zogad pirobebs 

miekuTvneba: 

1.1. sxvaoba signalis saSualo danakargebSi uzrunvelyofs 

GSM -900 seqtorisTvis saukeTeso radiodafarvas GSM -1800 

seqtorTan SedarebiT erTnairi BS igs da saanteno-

fideruli traqtis identuri parametrebisas (antenis 

horizantaluri gaSlis sigane, dakidebis simaRle, 

daxriloba, azimuti). 

1.2. arxebis saerTo raodenoba GSM – 900 (124 + 50) diapazonSi 

naklebia, vidre GSM – 1800 (374), rac ganapirobebs GSM – 1800 

arxebis siWarbes operatorTa umravlesobis sixSirul 

resursSi.. 

1.3. arxismieri resursis gamoyenebis potenciurad miRwevadi 

efeqturoba izrdeba trankingis principis ZaliT misi 

gamsxvilebis Sesabamisad.  

1.4. saabonento trafikis gatarebis siCqarisTvis saWiro 

paketuri monacemebis gadacemis multisloturi reJimi 

saWiroebs erTi abonentisTvis erTi TRX  mezobeli RTSL –

ebis  gamoyofas, maSin, rodesac xmovani trafikis 

momsaxureobisTvis sakmarisia gamovyoT 1 RTSL. amrigad, 

paketuri teritoriis ganawileba sxvadasxva diapazonebze 

ufro Zlierad zRudavs paketuri datvirTvis 

momsaxureobis xarisxs, vidre xmovani teritoriis 

ganawileba – xmovani datvirTvis momsaxureobis xarisxs. 

1.5. abonentebi, romlebic axdenen ZiriTadi paketuri 

datvirTvis generirebas, rogorc wesi, sargebloben 
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kompiuteriT,  (E)GPRS – modemiT, da imyofebian oTaxebSi, e. 

i. signalis ufro didi danakargebis zonebSi. xmovani da 

SDCCH – trafiki ganawilebulia seqtoris (GSM – 900/1800 

TanamimarTuli seqtorebis) momsaxureobis zonaSi ufro 

Tanabrad. 

  2. eqspluataciisa da ganviTarebis kerZo pirobebs miekuTvneba: 

  2.1. operatorisTvis gamoyofili speqtris ubnebis sigane da 

maxasiaTeblebi. 

  2.1.1. sixSiruli arxebis saerTo raodenoba TiToeul 

diapazonSi 900 da 1800 mhc warmoadgens ganmsazRvrel faqtors 

saabonento trafikis ganawilebis strategiis arCevisas. 

  2.1.2 sixSireTa speqtris uwyvetoba. speqtris danawileba 

calkeul fragmentebad sixSiruli arxebis mcire ( 4) 

raodenobiT qmnis SezRudvebs sixSirul teritoriuli gegmis 

formirebisas da amcirebs speqtris utilizaciis 

SesaZleblobebs. 

  2.1.3. SezRudvebi igs da polarizaciaze calkeuli sixSiruli 

arxebis gamoyenebisas amcireben sixSireTa speqtris datvirTvis 

Tanabrobas. Aauaresebs seqtorebis radiodafarvas da, saboloo 

jamSi, abrkolebs operatoris srtategiis realizacias. 

  2.1.4. calkeuli sixSiruli arxebis dazianeba garegani 

xelSeSlebiT zRudavs aseTi arxebis utilizaciis 

SesaZleblobas, gansakuTrebiT trafikis gadacemisas realuri 

droSi (conversational, streaming). 

2.2. trafikis profili. sxvadasxva tipis trafikis procentuli 

Tanafardoba mniSvnelovanwilad gansazRvravs maTi 

gadanawilebis SesaZleblobas. 
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2.3. operatoris marketinguli modeli. arCeuli marketinguli 

modelis Sesabamisad SeiZleba icvlebodes profili, sxvadasxva 

tipis trafikis prioriteti da moTxovnebi momsaxureobis 

xarisxisadmi. 

2.4. gamoyenebuli sabazo da saabonento mowyobilobis 

maxasiaTeblebi: 

  2.4.1. sabazo da saabonento mowyobilobisTvis calkeuli 

sixSiruli arxebis (magaliTad, EGSM) mxridan gaweul 

daxmarebasTan dakavSirebulma problemebma SeiZleba 

seriozulad gaaZnelon operatoris Canafiqris realizacia. 

  2.4.2. BS maqsimaluri simZlavre da mgrZnobeloba 

mniSvnelovanwilad gansazRvravs UL/DL mimarTulebebiT GSM 

900/1800 seqtorebis radiodafarvis sakmarisoba. 

  2.4.3. mowyobilobis operatorisTvis mniSvnelovani 

funqcionalobebis  (Frequency Hopping, Intelligent Underlay / Overlay, 

Directed Retry, Direct Access to Desired Layer/ Band da sxva) daxmarebam 

sabazo mowyobilobisTvis SeiZleba mniSvnelovnad gaaumjobesos 

radioqselis speqtruli efeqturoba da xeli Seuwyos 

operatoris mier miRebuli strategiis realizacias. 

  2.4.4. signalebis damuSavebis mowinave teqnologiebis (EDGE, 

AMR da sxva) daxmareba sabazo da saabonento mowyobilobisTvis 

saSualebas gvaZlevs gavaumjobesoT radiokavSiris speqtruli 

efeqturoba, gavafarTooT seqtorebis momsaxureobis zonebis 

sazRvrebi da gauadviloT operators trafikis ganawilebis 

arCeuli principebisadmi gayola. 

  vTqvaT, rom sixSireTa arsebuli resursi sakmarisia da 

operators SeuZlia uzrunvelyos momsaxureobis mocemuli 

xarisxi (gamoZaxebis blokirebis albaToba Рb, 
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signali/xelSeSlis saWiro Sefardebis uzrunvelyofis albaToba 

Pr [ C/I  q ] da sxva) GSM – 900/1800 seqtorebSi saWiro raodenobis 

mimReb – gadamcemebis gamoyenebisas. maSin GSM – 900/1800 

TanamimarTuli seqtorebis trafikis optimaluri ganawilebis 

ZiriTadi principebi SeiZleba Camoyalibebul iqnes Semdegnairad:  

1. mTeli paketuri da sasignalo SDCCH – trafiki unda 

ganvaTavsoT GSM-900 SreSi.  

2. GSM – 900 resursis darCenili nawili da GSM – 1800 resursi 

datvirTul unda iqnes xmovani trafikiT optimaluri 

balansis pirobis Sesabamisad (3.49). 

mocemul strategias gaaCnia Semdegi upiratesobebi: 

1. abonentebisTvis umjobesdeba radiopirobebi paketuri da 

sasignalo SDCCH – trafikisaTvis signalebis doneTa 

momatebis xarjze, romlebic imyofebian GSM – 1800 

seqtorebis momsaxureobis zonebis kideebze. es qmnis 

saWiro winapirobebs paketuri monacemebis gadacemis 

xarisxisa da siCqaris maCvenebelTa asamaRleblad, 

agreTve, xmovani kavSirebis damyarebis warmatebulobis 

asamaRleblad (SSR – setup success rate), lokalizaciis 

procedurebis Sesasruleblad (LU – location update) da 

mokle Setyobinebebis gadasacemad (SMS). 

2. xdeba arxismieri resursebis gamsxvileba paketuri da 

sasignalo SDCCH – trafikis momsaxureobisTvis GSM – 900 

SreSi; izrdeba GSM- 900 paketuri da sasignalo 

datvirTvis damuSavebis speqtruli efeqturoba. 

3. iqmneba pirobebi GSM – 1800 xmovani trafikisTvis 

xelmisawvdomi arxis tevadobis gazrdisTvis. agreTve,  

(3.49) Sesabamisad iqmneba pirobebi xmovani trafikis 

damatebiTi gadanacvlebisTvis GSM–1800 diapazonSi 
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Sidasistemuri xelSeSlebis naklebi doniT da saubris 

gadacemis potenciurad ufro maRali xarisxiT. 

4. mcirdeba paketuri sesiebis dros fiWebis reseleqciis 

intensivoba, rac dadebiT gavlenas axdens monacemebis 

gadacemis siCqareze. 

5. izrdeba satransporto qselis utilizaciis efeqturoba 

GSM – 1800 sabazo sadgurebis pulebiT dakavebuli A–bis 

(BS–BSC) interfeisis arxismieri tevadobis 

gamoTavisuflebisa da GSM – 1800 sabazo sadgurebis 

pulebis (saWiroebisamebr) gafarToebis xarjze. 

6. izrdeba TanamimarTuli seqtorebis Sereuli trafikis 

regulirebis sizuste (w1800data = 0 gamo mcirdeba Secdoma 

marTvadi zemoqmedebis gamoangariSebisas). 

  Gganxiluli strategiis naklovanebebi: 

1. danaxarjebi calkeuli seqtorebis tevadobis 

rekonfiguraciaze (TRX mocileba/ damateba); SesaZlebelia 

SezRudvebi mowyobilobis mxridan. 

2. danaxarjebi zogierTi seqtoris radiodafarvis koreqciaze  

saanteno-fideruli traqtis elementebis Secvla 

aucileblobisas da samuSaoebis Catareba. 

3. arxis tevadobis deficitma SeiZleba gamoiwvios HR reJimSi 

xmovani trafikis wilis gazrdis aucilebloba (xarisxis 

danakargebi SeiZleba ugulvebelyoT AMR – kodekis 

gamoyenebiT). 

4. xmovani trafikis gadanacvleba GSM – 1800 SreSi xmovani 

servisebis muSaobis xarisxis gauaresebis gareSe 

SesaZlebelia mxolod GSM – 1800 saimedo 

radiogadafarvisas (bs ganTavsebis ufro maRali 

simWidrovisas). 
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5. GSM – 900 SDCCH – resursis mniSvnelovani gazrdis 

aucilebloba TanamimarTuli seqtorebis maRali xmovani 

trafikisas (SesaZlebelia SezRudvebi mowyobilobis 

mxridan). 

6. GSM – 1800 Warbi SDCCH – resursis gafarToebis 

SesaZlebloba SezRudulia. 

teqnikurad paketuri da sasignalo SDCCH–trafikis 

gadanacvleba GSM – 900 SreSi SeiZleba ganxorcieldes GSM–1800 

SreSi TanamimarTul seqtorebze damatebiTi awyobebis 

saSualebiT. Semdegis dayenebisas  

    RxLAM 1800  = - 47 dbm (max),  PenaltyTime 1800  = 640 wm 

GSM – 1800 seqtoris mimzidveloba MS – Tvis molodinis 

mdgomareobaSi an Ria paketuri sesiebiT Seadgens 

    C2 1800 = C1 1800 – CRO 1800 = RxLEV 1800 - RxLAM 1800 - CRO 1800 

da iqneba yovelTvis naklebi, vidre GSM – 900 TanamimarTul 

seqtorSi  

       C1 900  =  RxLEV 900  -  RxLAM 900  =  RxLEV 900   -  (-  105  an -110dbm),  

               C2 1800   =  RxLEV 1800  -   (-47 dbm) –  (30 an 34 db),   

         C1 900  -  C2 1800  =   (RxLEV 900  - RxLEV 1800 ) +  (88 an 97db)  0  

 (RxLAM 900,  RxLAM 1800,  CRO 1800 doneebi Seesabamebian p. 3.2.3 – Si 

miTiTebul doneebs). 

  amrigad, yvela MS molodinis mdgomareobaSi an Ria paketuri 

sesiebiT unda imyofebodes GSM – 900 seqtoris momsaxureobis 

zonaSi, rac uzrunvelyofs Semdeg upiratesobebs: 

1. miTiTebuli MS – Tvis momsaxure xdeba GSM – 900 dafarvis 

seqtorebi maqsimaluri C1, e. i. seqtorebi BS signalis 
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saukeTeso doniT (Cveulebriv, yvela BS –ze dafarvis Sreebi 

adgenen RxLAM qselSi wvdomis daaxloebiT erTnair dones). 

es saSualebas gvaZlevs gavaumjobesoT radiopirobebi MS –

Tvis, radgan GSM – 1800 tevadobis SreSi MS gadasvlas 

seqtorebSi susti radiodafarviT xSirad astimulireben, 

xelovnurad zrdian ra aseTi seqtorebis mimzidvelobas 

(C2) CRO parametris saSualebiT.  

2. p. 1 – is gamo mcirdeba abonentebis saCivarTa raodenoba MS 

signalis donis indikatoris dabal Cvenebebze, rac 

dadebiTad aisaxeba abonentebis loialobaze, operatoris 

imijsa da mogebaze. 

 

 

algoriTmis praqtikuli gamoyenebis magaliTi 

  ganvixiloT GSM – 900 /1800  TanamimarTuli seqtorebis xmovani 

da paketuri trafikis balansis algoriTmis praqtikuli 

gamoyenebis magaliTi paketuri da sasignalo trafikis 

gadanacvlebiT GSM – 900 diapazonSi. erT – erTi saolqo BS 

TanamimarTuli seqtorebis uds trafikis cvlilebis qronologia 

warmodgenilia nax. 3.8 a, b–ze. periodi algoriTmis gamoyenebis 

dawyebamde moicavs dakvirvebis pirvel 30 dRes, romelTa 

ganmavlobaSic xmovani trafiki (Voice_GSM900/1800) kargad iyo 

balansirebuli, xolo paketuri trafiki (DataT_ GSM900/1800) 

Tavdapirvelad koncetrirebuli iyo GSM – 900 seqtorSi,  GSM – 

1800 arasakmarisi radiodafarvis gamo. Sedegad TanamimarTuli 

seqtorebis saerTo trafikis disbalansi aRemateboda 25% (nax. 3.6 

g), xolo paketuri trafiki, romelmac moaxdina GSM – 900 

seqtoris praqtikulad mTeli xelmisawvdomi arxis resursis 
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okupireba (nax. 3. 8 a), mainc ganicdida TBF zomier blokirebebs 

uds –Si (UL + DL_TBF_BLOKING_ BH_ GSM900 nax. 3.9 a –ze). 

  algoriTmis muSaobis dawyeba modis 30-e – me -40 dRis 

periodze. parametrebis koreqciis Sedegad moxerxda xmovani 

datvirTvis gadanawileba iseTnairad (nax.3.8 a, b), rom saerTo 

trafikis disbalansi Semcirda 15–20% - mde, xolo SemdgomSi 

ufro qvemoTac (nax. 3.8 g). TanamimarTuli seqtorebis jamuri 

paketuri trafiki gaizarda 1, 5 jer: 1200-dan 1800mb – mde dRe –

RameSi (nax 3.9 g); Semcirda TBF  blokirebebi GSM -900 seqtorSi. 

  xmovani trafikis Semdgomi gadanacvleba SeuZlebeli gaxda 

GSM – 1800 arasakmarisi radiodafarvis gamo. saerTo trafikis 

disbalansis Semcireba 0% -mde seqtorebis arsebuli 

konfiguraciisas ar gveCveneba SesaZleblad (saWiroa GSM – 900 

arxismieri tevadobis gafarToeba). 
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 nax. 3.8. GSM -900/1800  TanamimarTuli seqtorebis arxismieri   

resursis gamoyeneba 
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nax. 3.9. GGSM – 900/1800  TanamimarTuli seqtorebis monacemebis 

trafiki 
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daskvnebi 

 

  TavSi miRebul iqna Semdegi Sedegebi. 

1. dasabuTebulia im efeqturi algoriTmebis SemuSavebis 

aucilebloba,  romlebic iZlevian qselis dinamiurad 

marTvis saSualebas aparatuli da sixSiruli resursebis 

minimaluri danaxarjebiT. naCvenebia BS–s Soris saabonento 

datvirTvis gadanawilebis mniSvneloba mowyobilobis, 

sixSireTa speqtris Tanabari CatvirTvis uzrunvelyofisa 

da mTlianobaSi abonentebis momsaxireobis xarisxis 

amaRlebis mizniT. 

2. SemuSavebulia GSM–900/1800 TanamimarTuli seqtorebis 

xmovani trafikis balansis meTodi. meTods safuZvlad 

udevs GSM – 900/1800 TanamimarTul seqtorebs Soris xmovani 

trafikis gadasvlis maTematikuri modeli, romelic 

trafiks akavSirebs energetikul TanafardobebTan 

TanamimarTuli seqtorebis abonentebis mier signalebis 

miRebisas. miRebulia Tanafardobebi trafikis disbalansis 

Sesafaseblad da Umbrella - hendoveris amoqmedebis zRvaris 

optimaluri cvlilebis gamosaangariSeblad; 

gamosaangariSeblad sawyis monacemebs warmoadgenen 

mricxvelebi Defined Adjacent Cell Measurement. meTodi 

iTvaliswinebs SezRudvebs, romlebic sazRvraven trafikis 

balansis algoriTmis gamoyenebis pirobebsa da wess.  

3. SemoTavazebulia GSM – 900/1800 TanamimarTuli seqtorebis 

datvirTvis regulirebis algoriTmi, romelic bazirebulia 

qseluri statistikis monacemebze.  

4. dasabuTebulia xmovani datvirTvis balansis meTodis 

gamoyenebis SesaZlebloba GSM – 900/1800 TanamimarTuli 

seqtorebis saerTo, xmovani da paketuri trafikis 
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regulirebisTvis. miRebulia iseTi Tanafardobebi, 

romlebic gvaZleven aseTi SesaZleblobis realizebis 

saSualebas. 

5. Camoyalibebulia GSM – 900/1800 ordiapazonian qselebSi 

sasignalo, xmovani da paketuri trafikis erToblivi 

ganawilebis stategiis ZiriTadi debulebebi. 

6. moyvanilia trafikis balansis praqtikuli gamoyenebis 

magaliTebi. 
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 Tavi 4. GSM qselebSi mezobeli fiWebis fomirebis 

meTodika 
 

 

  4.1 amocanis dasma  

   

  seqtorebs Soris mezobeli kavSirebis arseboba  (NR–neighbour 

relations) GSM standartis radiokavSirSi uzrunvelyofs fiWebis 

seleqcia/reseleqciisa da abonentis estafeturi gadacemis 

procedurebis Sesrulebis SesaZleblobas. gadacemis aRniSnuli 

procedurebi SesaZlebelia mxolod im fiWebs Soris, romlebic 

aRwerilia sabazo sadgurebis qvesistemaSi rogorc mezobeli 

fiWebi : TiToeuli fiWisTvis operatori sazRvravs mezobeli 

fiWebis sias. 

  Tu A fiWi Sedis mezobeli fiWebis siaSi B fiWisTvis, xolo B 

fiWi Sedis mezobeli fiWebis siaSi A fiWisTvis,  maSin NR 

ormxrivia. Tuki SesaZlebelia mxolod A B an B A gadasvla, 

maSin es calmxrivi NR SemTxvevaa.  

  mezobluri kavSirebi bevrad gansazRvraven:  

1. mobiluri abonentebis momsaxureobis xarisxs. 

gamotovebuli mezobluri damokidebulebebi xSirad 

iwveven kavSiris xarisxis gauaresebas da mivyavarT 

SeerTebis gawyvetamde. 

2. Sidasistemuri xelSeSlebis dones Hhendoveris 

Sesrulebis SeuZleblobas mivyavarT iqamde, rom kavSiri 

MS da BS Soris xorcieldeba trasaze danakargebis 

maRali biujetiT da, maSasadame, MS da BS gadamcemebis 

simZlavreebi aRematebian minimalurad saWiro 

mniSvnelobebs. 

3. kavSiris momsaxureobaTa xelmisawvdomobas mobiluri 

abonentebisTvis. gamotovebuli mezobluri 

damokidebulebebi zrdian qselis “danakargis” 
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albaTobas da, maSasadame, amcireben kavSiris 

momsaxureobaTa xelmisawvdomobas. 

  amasTanave, NR siWarbes mivyavarT: 

1. drois gazrdamde, romelic esaWiroeba MS anaTvlebis 

Sesasruleblad da mezobeli fiWebiT maTi Sedegebis 

gadasacemad da, rogorc Sedegi, hendoveris Sesrulebis 

Sesaxeb gadawyvetilebis miRebis Seferxebis zrdamde. 

“riskis jgufSi” xvdebian abonentebi maRali mobilobiT. 

2. gadaWarbebul SezRudvebamde stg –s gamoangariSebisas da 

qseluri KPI  SesaZlo gauaresebamde. 

 Aarsebuli NR efeqturobis Sesaxeb informaciis ZiriTad wyaros 

warmoadgenen qseluri anaTvlebis Sedegebi – qseluri 

statistika. 

  NR formirebisadmi kompania – operatorebis cnobili 

midgomebis analizma gviCvena, rom mezobeli fiWebis siaTa 

Sedgena xSirad warmoebs qseluri statistikis gamoyenebis 

gareSe. gadawyvetilebebis miRebisas,  xSirad, eyrdnobian 

radiogadafarvis gamoangariSebas, romelic miRebulia 

programuli saSualebebis gamoyenebiT, da inJinrebis saeqperto 

azrs, romlebic pasuxismgebelni arian radioqselis dagegmvaze. 

adamianiseuli faqtoris Zlieri gavlena da radiotalRebis 

gavrcelebis gamoyenebuli modelebis sizusteze Sedegebis 

damokidebuleba saSualebas ar gvaZlevs uzrunvelvyoT 

mezobluri damokidebulebebis efeqturi da operatiuli 

formireba. 

  amrigad,  GSM qselebSi abonentebis momsaxureobis xarisxis 

asamaRleblad saWiroa SevimuSaoT mezobeli fiWebis siebis 

Camoyalibebis meTodika qseluri anaTvlebis Sedegebis 

safuZvelze, arqiteqturis, dagegmvis meTodebisa da trafikis 
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marTvis meTodebis gaTvaliswinebiT, romlebic miRebulia 

radioqselSi. 

 

 

4.2. mezobeli fiWebis formirebis procesi GSM  qselebSi 

 

  nax. 4.1–ze warmodgenilia radioqselSi NR formirebis 

meTodebis klasifikacia. 

  NR  iwyeben formirebas realuri cvlilebebis winamorbed 

etapebze  (gamoangariSebaTa monacemebisa da prognozis 

gamoyenebiT) da agrZeleben formirebas qselSi samuSaoebis 

Sesrulebis momdevno etapebze, radiodafarvisa da trafikis 

faqtiuri cvlilebebis gaTvaliswinebiT (anaTvlebis monacemebis 

gamoyenebiT).  

                        1     2     

 

 

 

                                                                                                                                                                                                 

                                                                                                      

 
              3                       4     

                                              

 

 

   avtomatizirebuli     araavtomatizirebuli     

 

damgegmavis 

gadawyvetileba 

(topologiis, piradi 

gamocdilebis da a. S. 

analizis safuZvelze) 

dagegmvis 

instrumentis  

prognozis monacemebi  

(BS  dafarvis zonebis 

safuZvelze) 

radiogazomvis  

monacemebi 

specializerebuli  

kompleqsebis  

gamoyenebiT 

qseluri  

statistikis  

monacemebi 

          mezobeli  fiWebis  siebi 

gamoangariSebis 

da prognosis 

monacemebis 

gamoyeneba 

anaTvalTa 

Sedegebis 

gamoyeneba 
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 nax. 4.1. radioqselSi NR formirebis meTodebis klasifikacia  

  

winaswarmetyvelebaTa monacemebs iyeneben :  

 dagegmvis msvlelobaSi da axali seqtorebis integraciis 

win; 

 momqmedi seqtorebis xelaxali gamarTvis win, romlis 

msvlelobaSi icvleba momsaxureobis mimdinare zonebi; 

 trafikis mosalodneli gadanawilebis win, romelic 

dakavSirebulia seqtorebis momsaxureobis zonebis 

cvlilebasTan. 

anaTvlebis monacemebs iyeneben : 

 momqmedi seqtorebis NR  optimizaciisas; 

 momsaxureobis xarisxTan dakavSirebuli problemebis 

gadaWrisas. 

  monacemebis sxvadasxva wyaros gamoyenebis upiratesobebi da 

naklovanebebi (nax. 4.1) NR formirebisas moyvanilia cxril 4.1 –Si. 

   

cxrili 4.1. 

monacemebis sxvadasxva wyaros gamoyenebis upiratesobebi da  

naklovanebebi 

  monacemebis 

wyaroebi 

       Rirsebebi    naklovanebebi 

1. dagegmvis 
instrumentis  

prognozis 

monacemebi  (BS  

dafarvis zonebis 

safuZvelze) 

 maRali 
mwarmoebluroba 

 avtomatizaciis 
maRali xarisxi 

 muSaobis 
kriteriumebis 
Secvlis 
moxerxebuloba 

 Sedegebis 
damokidebuleba 
radiotalRebis 
gavrcelebis 
modelis 
sizusteze 

 adgilisa da 
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 trafikis 
lokalizaciis 
Sesaxeb zusti 
monacemebis 
aucilebloba 

 dagegmvis 
sistemis 
teqnikuri 
uzrunvelyofis 
aucilebloba 

2. damgegmavis 

gadawyvetileba  

(topologiis,  

piradi 

gamocdilebis da 

a.S. analizis 

safuZvelze) 

 

 realizaciis 
siiole 

 Semavali 
monacemebis 
minimaluri 
nakrebi 

 TanamSromelTa 
piradi 
gamocdilebis 
gamoyeneba 

 unikaluri 
Semavali 
monacemebisa da 
moTxovnebis 
gamoyenebis 
SesaZlebloba 

 dabali 
mwarmoebluroba 

 avtomatizaciis 
dabali xarisxi 

 adamianiseuli 
faqtoris Zlieri 
gavlena 

 rTuli 
mravalkriterium
iani 
algoritmebis 
swrafi danergvis 
SeuZlebloba 

3. qseluri  

statistikis  

monacemebi 

 

 maRali 
mwarmoebluroba 

 SesaZlebelia 
avtomatizaciis 
maRali xarisxi 

 SesaZlebelia 
rTuli da 
efeqturi 
algoriTmebis 
ageba 

 SedarebiT 
dabali 
danaxarjebi 

 Sakmarisi 
trafikis 
aucilebloba 
statistikis 
Sekrebis 
periodSi 

 Damokidebuleba 
mowyobilobis 
mwarmoeblis mier 
uzrunvelyofili 
qseluri 
anaTvlebis 
nakrebze  

4. 

radioanaTvlebis  
monacemebi 

specializerebul

i  kompleqsebis  

gamoyenebiT 

 utyuaroba  
(realuri 
anaTvlebi 
konkretul 
dargSi) 

 operatiuloba  
(CarTo – gazoma 
– Seafasa) 

 utyuaroba  
(saWiroa 
mravaljeradi 
anaTvlebi 
sxvadasxva 
pirobebisas) 

 operatiuloba  
(anaTvlebis 
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 organizacia da 
swrafi gasvla 
adgilze 
yovelTvis ar 
aris 
SesaZlebeli) 

 

NR formirebis algoriTmi bazirebulia im principebze, romlebic 

pirobiTad SeiZleba davyoT zogadsa da kerZoze. zogadi 

principebi gulisxmoben mezobeli fiWebis arCevas kandidati – 

fiWebis gadafarvis donis kriteriumis mixedviT. kerZo 

principebi gulisxmoben konkretuli radioqselis individualuri 

Taviseburebebis gaTvaliswinebas: 

 erTmimarTuliani an ormimarTuliani NR gamoyeneba 

(zogierTi operatori iyenebs mxolod ormimarTulian NR); 

 sxvadasxva Sreebis arseboba qselis fiWur struqturaSi;  

 TanamimarTuli seqtorebis gamoyeneba tevadobisa da 

dafarvis Diapazonebsi; 

 Diapazonebs Soris trafikis ganawilebis meTodebi da a. S.  

 

  daskvnebi: 

1. mezobluri damokidebulebebis formirebisa da 

optimizaciis procesi moicavs ramodenime komponents da 

uwyvetad xorcieldeba mravaljer gameorebadi ciklebis 

msvlelobaSi. 

2. NR formirebisa da optimizaciis procesi eyrdnoba 

sxvadasxva monacemebs da gulisxmobs damuSavebis 

Sesabamisi meTodebis organizacias. 

3. NR formirebisa da optimizaciis procesi unda 

iTvaliswinebdes arqiteqturas, dagegmvis meTodebsa da 
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trafikis marTvis meTodebs, romlebic miRebulia 

konkretul radioqselSi. 

4. NR efeqturi optimizacia gulisxmobs statistikuri 

monacemebis gamoyenebas, romlebic bazirebulia 

mowyobilobis mwarmoeblis mier Cadebul gansazRvrul 

qselur gazomvebze. 

 

  

  

4.3 gamotovebuli  NR  aRmoCenis meTodi 

aqac da Semdegac ganvixilavT GSM – 900/1800 standartis 

radioqsels Semdegi daSvebebiT:  

- radioqseli moicavs 900 da 1800 mhc diapazonebis BS; 

- dafarvis uzrunvelyofis amocanebs gadawyveten GSM–900 

seqtorebi; 

- tevadobis uzrunvelyofis amocanebs gadawyveten GSM–1800 

seqtorebi; 

- tevadobisa da dafarvis seqtorebi erTi saitis farglebSi 

TanamimarTulni arian; 

- tevadobisa da dafarvis Diapazonebs Soris trafikis 

balanss inarCuneben parametruli meTodebiT GSM – 900/ 1800 

Sreebis seqtorebs Soris diapazonTaSorisi hendoverebis 

awyobis saSualebiT (Tavi 3); 

- trafikis gadasvla GSM-900 Sridan GSM-1800 SreSi 

xorcieldeba TanamimarTul seqtorebs Soris Umbrella–

hendoveris saSualebiT; 

- trafikis gadasvla GSM-1800 Sridan GSM-900 SreSi 

xorcieldeba gadarCenis hendoverebis saSualebiT 
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momsaxureobis donis gauaresebisas an Secdomebis 

koeficientis gazrdisas (BER); 

- yvela seqtori erTi BS farglebSi dakavSirebulia 

erTmaneTTan ormimarTulebiani mezobluri 

damokidebulebebiT. 

 “gamotovebuli” mezoblebis damatebas SevasrulebT 

kandidati – fiWebis gadafarvis donis (xarisxis) 

kriteriumis mixedviT. fiWebis gadafarvis donis (xarisxis) 

cnebis zusti da sayovelTaod miRebuli gansazRvreba ar 

arsebobs. movaxdinoT mocemuli cnebis formalizeba 

gadasaWreli amocanis specifikis gaTvaliswinebiT. 

ganvixiloT nax. 4.2 –ze gamosaxuli erTi Sris ori 

mezobeli fiWi, romelTa Sorisac SesaZlebelia simZlavris 

biujetis hendoverebi (PBGT) A  B da B A : Cov A, Cov B - A da 

B fiWebis dafarvis zonebia; Serv A ; Serv B – A da B fiWebis 

momsaxureobis zonebia. grafikze RxLEV, dbm naCvenebia AB 

wrfis gaswvriv BCCH – arxebis signalebis miRebis saSualo 

doneebi; trafikis simkvrivis grafikze naCvenebia im 

trafikis saSualo simkvrive, romelsac emsaxurebian 

fiWebze. 

  momsaxureobis zonebis sazRvrebi aRniSnulia simZlavris 

biujetis hendoveris (PBGT) gamartivebuli pirobebis Sesabamisad: 

 

         A  B : bcchRxLev B  bcchRxLev A + Margin AB 

                B  A : bcchRxLev A  bcchRxLev B + Margin BA,             (4.1) 

 

sadac Margin AB,  Margin BA - operatoris mier dadgenili 

doneTa zRvruli sxvaobebia, romelTa dros SesaZlebelia 
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hendoverebi A  B da B A, Sesabamisad. Jami Margin AB + Margin BA 

uzrunvelyofs histereziss, romelic saWiroa ping – pongis 

Tavidan asacileblad. ping – pongis qveS aq vigulisxmebT 

mravaljerad hendovers A da B fiWebs Soris drois mokle 

monakveTis ganmavlobaSi [87]. 

  ori fiWis gadafarvis Sesaxeb saubari SeiZleba im SemTxvevaSi, 

rodesac erTi fiWis trafiki omyofeba meore fiWis dafarvis 

zonaSi (daStrixuli adgilebi nax. 4.2).  

 

nax. 4.2. BB fiWis dafarvis zonaSi A fiWis trafikis wilis 

gansazRvra  

 

  amitom A da B fiWebis gadafarvis sazomad SeiZleba miRebul 

iqnes A fiWis trafikis wili, romelic imyofeba B fiWis dafarvis 

zonaSi: , sadac T AB - A fiWis trafikia, romelic imyofeba B 
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fiWis dafarvis zonaSi; TA – A fiWis sruli trafiki. fizikurad 

es niSnavs A fiWis abonentebis wils, romlebsac SeuZliaT B 

fiWis signalis miReba. cxadia, rom aseTnairad SemoRebuli cneba 

gulisxmobs fiWebis asimetriuli gadafarvis SesaZleblobas, 

rodesac    (nax. 4.3). 

 

 

 

 

 

 

 

     nax. 4.3 fiWebis asimetriuli gadafarva 

 

  fiWebis gadafarvis xarisxi Zlieraa damokidebuli ara marto 

energetikul Tanafardobebze signalebis miRebis dros, aramed 

trafikis ganawilebaze fiWebis momsaxureobis zonaSi. fiWebis 

gadafarvis donis raodenobrivi gansazRvrisas unda 

gaviTvaliswinoT trafikis ganawilebis simkvrive:   

                                                                                           

 = ,                (4.2) 

sadac DA (x, y) – A fiWis trafikis ganawilebis simkvrivea. 

  vaxdenT fiWebis gadafarvis donis cnebis adaptirebas NR 

optimizaciis amocanisadmi. A da B fiWebis gadafarvis donis qveS 

SemdgomSi vigulisxmebT B fiWis dominirebadi dafarvis zonaSi 

A 

 

                     B 
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myofi A fiWis trafikis Sefardebas (bcchRxLevA  bcchRxLevB) A 

fiWis mTel trafikTan B fiWis dafarvis zonaSi (nax. 4.4): 

                        YYAB = ,                                                    (4.3) 

sadac T A B – AfiWis trafikia, romelic imyofeba bcchRxLevA  

bcchRxLevB areSi (vertikaluri daStrixva nax.4.4-ze); TAB - A fiWis 

trafikia, romelic imyofeba B fiWis dafasrvis zonaSi 

(vertikaluri da horizontaluri daStrixva nax. 4.4-ze). 

  A da B fiWebis trafikis ganawilebis simkvrivis 

gaTvaliswinebiT  

YAB =   =  ,        (4.4)  

sadac  bcchRxLev (x, y)  - A da B fiWebis BCCH – arxebis signalis 

miRebis saSualo donea,   δ1  -  hevisaidis  funqciaa. 

 

 

nax. 4.4. A Dda B fiWebis gadafarvis donis gansazRvra         
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  visargeblebT ra SemoRebuli gansazRvrebiT, CamovayaliboT  

fiWebis wyvilTa arCevis kriteriumi, romelTa Soris NR 

gamotovebulia.  radioqselSi, sadac operatoris mier daSvebulia 

erTmimarTulebiani mezobluri damokidebulebebis  gamoyenebas, 

arCevis kriteriumi SeiZleba Caweril iqnes Semdegi saxiT: 

                        YAB    Ythresh_add,                                          (4.5) 

sadac  Ythresh_add - gadafarvis zRvruli donea, romlis gadametebisas 

unda davumatoT NR  A  B  (gavafarTooT  A fiWis mezoblebis sia). 

  radioqselSi,  sadac  operatori uSvebs mxolod 

ormimarTulebiani NR gamoyenebas, kriteriumi SeiZleba miyvanil 

iqnes Semdeg saxemde: 

                    YAB  + Y BA    2 Y thresh_add ;                                    4.6) 

zRvaris gadametebisas unda davumatoT mezobeli 

damokidebulebebi A B da B A (gavafarTooT A da B fiWebis 

mezoblebis sia). 

  Ythresh_add zRvaris ricxobrivi mniSvneloba unda SeirCes 

individualurad TiToeuli radioqselisTvis, vadarebT ra 

damatebuli NR efeqturobas Ythresh_add gamoyenebul mniSvnelobebTan. 

meTodis praqtikuli gamoyeneba radioqselSi Ythresh_add = 0, 05  

uzrunvelyofda  70... 80% damatebuli NR efeqturobas. 

  kriteriumebi (4.5, 4.6) ufro metad orientirebulni arian NR 

optimizaciaze GSM–900/1800 Sreebis SigniT, vidre diapazonebs 

Soris. zogad SemTxvevaSi sxvadasxva diapazonebis fiWebs Soris 

NR optimizaciisas unda gaviTvaliswinoT GSM–900/1800 signalebis 

saSualo danakargebis gansxvaveba da gamoviyenoT 

diapazonTaSorisi hendoverebis Sesrulebis pirobebi, romlebic 

iyeneben kandidati – fiWis signalis donis absolutur 
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mniSvnelobas (magaliTad, Umbrella – hendoveri) da ara doneTa 

Sefardebas rogorc simZlavris biujetis hendoveris SemTxvevaSi. 

amrigad, sxvadasxva diapazonis fiWebs Soris gamotovebuli NR 

aRmosaCenad SeiZleba saWiro gaxdes fiWebis sxva cneba da Zebnis 

sxva kriteriumebis gamoyeneba. magram ganxiluli radioqselis 

CarCoebSi aseTi aucilebloba ar aris, radgan: 

- erTi BS–s yvela seqtori dakavSirebulia erTmaneTTan 

ormimarTulebiani mezobluri damokidebulebebiT, rac 

yovelTvis gvaZlevs GSM–900/1800 TanamimarTuli seqtorebiT 

Ddiapazonebs Soris trafikis gadanawilebis saSualebas; 

- kriteriumebis (4.5, 4.6) gamoyeneba uzrunvelyofs ZiraTadi 

tipis Sidadiapazonuri hendoveris – simZlavris biujetis 

hendoveris (4.5, 4.6) Sesasruleblad aucilebeli Sreebis 

SigniTmezobluri damokidebulebebis sruli nakrebis 

formirebas. amrigad,  radioqselis ganxiluli modelis 

CarCoebSi kriteriumebi (4.5, 4.6) sakmarisia. 

  aRmoCenis kriteriumebis gamoyenebis mcdaroba damokidebulia 

sawyisi minacemebis sizusteze. prognozis monacemebis 

gamoyenebisas da trafikis ganawilebisa da dafarvis doneebis 

aproqsimaciisas Znelia uzrunvelvyoT Semomavali monacemebis 

sizustisa da aqtualobis saWiro done. Amitom mizanSewonilia 

gamoviyenoT swored qeluri statistika, romelic iqmneba 

ganxiluli seqtorebis yvela abonentis mier. 

    BSS iyenebs CHANNEL FINDER (CF) gazomvebs, romelTa CarCoebSic 

saabonento terminalebi axdenen sixSiruli arxebis mocemuli 

nakrebis skanirebas DL mimarTulebiT da MR (measurement report) 

saSualebiT periodulad gadascemen anaTvlebis Sedegebs BSC – 

ze. es saSualebas gvaZlevs SevafasoT TiToeuli seqtorisTvis 

mniSvnelovani rigi maxasiaTeblebi: 
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 mocemuli seqtoris signalis donis ganawileba (simZlavris 

marTvis kompensaciiT) im saabonento terminalebis mier 

miRebisas, romlebsac is emsaxurebian; 

 mocemuli seqtorisa da zogierTi daSorebuli seqtoris 

signalTa doneebis sxvaobis (db) ganawileba im saabonento 

terminalebis mier miRebisas, romlebsac emsaxureba 

mocemuli seqtori. 

  Segrovebuli monacemebis Rirebuleba mdgomareobs arCevis 

reprezentulobaSi, radgan statistikas qmnis yvela saabonento 

terminali, romelsac emsaxurebian mocemul seqtorze anaTvlebis 

periodSi. amrigad, Segrovebuli statistika srulad Seesabameba 

abonentebis ganawilebis realur simWidroves. 

  CF gazomvebs operatorebi iyeneben radioqselis სტგ 

optimizaciisTvis, magram isini aranakleb sasargebloni arian 

mezoblebis siebis optimizaciisTvisac. gamotovebuli NR 

aRmoCenis amocanis gadasaWrelad sakmarisia gamoviyenoT CF 

mricxvelebis jgufs, romlebic warmoadgenen fiWebis ganxiluli 

wyvilis signalTa doneebis Sefardebis ganawilebis histogramas. 

ganvixiloT fiWi A (BS A) abonentiT UA da raRac daSorebuli 

fiWi B  (BSB), romlis BCCH – arxis skanirebas axdenen saabonento 

terminalebi A fiWaSi (nax. 4.5); A da B fiWebi jer ar arian 

mezobeli fiWebi.  
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                   nax.  4.5.  CF  anaTvlebi           

   MS  UA  ayalibebs anaTvlebis Sedegebs BSA,  BSB  doneebiT  da 

gadascems maT MR saSualebiT BSA – ze, saidanac isini Semodian 

BSC – ze. BSC axdens simZlavris marTvis sistemiT BSA Semotanili 

signalis Sesustebis kompensirebas  da afasebs doneTa sxvaobas   

                                             RxLevB  -  RxLevA,   db                     

MS  UA  miRebisas. Semdeg miRebul sidides adareben opratoris 

mier dadgenil zRvrebs  DB_VALUE_LOW, DB_VALUE_HIGH da 

qmnian histogramas: 

  NUMBER _ OF _ SAMPLES _ IN _ CLASS _ 1 _ OF _ UNDER _ ADJ _ CELL _ X     

 NUMBER _ OF _ SAMPLES _ IN _ CLASS _ 2 _ OF _ UNDER _ ADJ _ CELL _ X     

 NUMBER _ OF _ SAMPLES _ IN _ CLASS _ 2 _ OF _ UNDER _ ADJ _ CELL _ X     

 sadac X = 1, …, 39 - skanirebadi fiWis rigiTi nomeria (nax. 4.6). 
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aTvlebis           CLASS 1                             CLASS 2                                CLASS 3   

raodenoba   NUMBER_OF_SAMPLES_IN_CLASS_!_OF_UNDER_ADJ_CELL_BA 

                                                         NUMBER_OF_SAMPLES_IN_CLASS_ 2 _OF_UNDER_ADJ_CELL_BA 

                                                                                                       
NUMBER_OF_SAMPLES_IN_CLASS

_ 3 __ OF_UNDER_ADJ_CELL_BA 

 

 

 

 

 

             DB_VALUE_LOWA                             DB_VALUE_HIGHA      bcchRxLevB –bcchRxLevB,  d 

   nax. 4.6. A fiWze B fiWis CF anaTvlebis histograma 

amrigad,   DB_VALUE_HIGHA  = 0 db   dros   

 YAB =    =    ,  

da (4.5, 4.6)-is pirobebis Semowmeba SeiZleba realizebul iqnes CF 

qseluri statistikisadmi ararTuli moTxovnebis saxiT. 

   CF anaTvlebis specifikis gamo arsebobs rigi garemoebebi, 

romlebic xels uSlian anaTvlebis Catarebas mudmiv safuzvelze 

yvela seqtorSi. amitom, Cveulebriv, CFFanaTvlebis 

saWiroebisamebr organizyofen da atareben ise, rom erTi seqtori 

axdens gansazRvruli sixSiruli arxis skanirebas erTi dRis 

mxolod gansazRvruli periodis ganmavlobaSi. YAB gadafarevis 

donis gamoangariSebisas iyeneben A seqtoriT B seqtoris BCCH 
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sixSiruli arxis skanirebis Sedegebs anaTvlebis programis m 

dRes: 

          Ym    =    ,  

     Sedegebis gaSualebis ararseboba drois raRac mniSvnelovan 

periodSi (ramodenime dRe) amcirebs maT saimedobas, radgan 

arsebobs albaToba imisa, rom anaTvlebis Catarebis dRes 

trafikis ganawileba A da B seqtorebs Soris ar iyo tipiuri. 

amitom CF anaTvlebis organizaciisas sixSireTa skanirebis 

programa ise unda iyos Sedgenili, rom gamovricxoT winaswar 

cnobili TariRebi atipiuri trafikiT. 

CF anaTvlebis Catarebis specifika aiZulebs operators 

moZebnos anaTvlebis xangrZlivobis Semcirebis xerxebi. erT–erT 

aseT xerxs warmoadgens uaris Tqma cross-band – is tipis 

gazomvebze, rodesac GSM – 900 seqtorebi axdenen GSM – 1800 

diapazonis arxebis skanirebas, xolo GSM – 1800 seqtorebi axdenen 

GSM – 900 diapazonis arxebis skanirebas. am SemTxvevaSi NR 

sxvadasxva diapazonis seqtorebs Soris SeiZleba damatebul 

iqnen erTi diapazonis seqtorebs Soris arsebuli NR Sesabamisad. 

magaliTad, Tu GSM – 1800 SreSi anaTvlebis Sedegebis mixedviT 

aRmoCenilia  1800_A,  1800_B seqtorebs Soris NR damatebis 

aucilebloba, xolo GSM – 900 SreSi anaTvlebis Sedegebis 

Sedegebs mixedviT aRmoCenilia 900_A,  900_B seqtorebs Soris NR 

damatebis aucilebloba, da amasTanave, seqtorebi 900_A – 1800_A, 

900_B – 1800_B TanamimarTulia (nax.4.7), maSin mizanSewonilia 

daematos NR 900_A  1800_B,  900_B  1800_A – c. 
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                    900_A                                                   900_B 

 

             1800_A                                                                                                     

1800_B 

 

             BS A                                                                                                                             

BS B 

 

        nax. 4.7 diapazonTaSorisi MR  damateba 

 

 

      4.4. uefeqto NR  aRmoCenis meTodi 

  tradiciulad safuZvels radioqselSi momqmedi NR 

efeqturobis Sesamowmeblad warmoadgens statistika hendoverebis 

cdebis raodenobisa da warmatebulobis Taobaze.  

  radioqselSi, sadac operatori uSvebs erTmimarTulebiani NR  

gamoyenebas,  A B mezoblobis efeqturobis Sesamowmeblad unda 

ganvixiloT,  A B hendoverebis cdebis wili A fiWidan 

gamomdinare hendoverebis cdebis mTeli raodenobidan: 

              δ AB  =  ,                   (4.7) 

sadac n all_AB  -  A B hendoverebis cdebis raodenoba; n all_AX1 - A  Xi  

hendoverebis cdebis raodenoba; Xi, i = 1, ..., NA  - A  fiWis 

mezoblebi; NA  - A fiWis mezoblebis siis sigrZea. 
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  radioqselSi, sadac operatori uSvebs mxolod 

ormimarTulebian NR, unda ganvixiloT A B da B  A 

hendoverebis cdebis wilebi:  

 

          δ AB  =  ,             (4.8) 

          δ BA  =    

 

  sadac Yj,  j = 1, …, NB - B fiWis mezoblebis siis sigrZea. 

  A da B fiWebs Soris A  B hendoverebis cdebis raodenobis 

statistikas qmnian qseluri anaTvlebi Handover Adjacent Cell BSS,  

romlebic, maT Soris iyeneben Semdeg mricxvelebs: 

 LAC0_and_CI0 (№015000) – A fiWis  LAC da CI; 

 LACX_and_CIX, X = 1, …, 33– B fiWis LAC da CI; 

 HO_ATT_TO_ADJX,  X = !, …, 33 (№ 015008 - №015232) – A  B 

handoverebis cdebis raodenobaa;  

X  - fiWis rigiTi nomeria mezoblebis siaSi. 

amrigad,  nall_AB  = HO_ATT_TO_ADJBA.  

  imisaTvis, rom NR A  B vcnoT uefeqtod radioqselSi mxolod 

erTmimarTulebiani NR SesaZleblobiT, A B hendoverebis cdebis 

wilebi unda iyvnen zRvars qvemoT: 

                δ AB  thresh_del,  
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     imisaTvis, rom NR A  B vcnoT uefeqtod radioqselSi mxolod 

ormimarTulebiani NR SesaZleblobiT, A B da B  A hendoverebis 

cdebis wilebi unda iyvnen zRvars qvemoT: 

                          δ AB  thresh_del                                     

                                            δ BA thresh_del,   

    (4.7, 4.8) kriteriumebis praqtikuli gamoyenebisTvis unda 

ganvsazRvroT gadamwyveti statistikebis δ AB, δ BA gamoangariSebis 

xerxi. hendoverebis statistikis dagrovebis periodi unda 

uzrunvelyofdes arCevis reprezentatiulobas. Hendoverebis 

cdebis saSualo procenti 1-2 kviris periodSi saSualebas 

gvaZlevs SevafasoT NR efeqturoba, romlebsac moiTxoven mudmiv 

safuZvelze. Aam SemTxvevaSi (4.7 – erTmimarTulebiani NR) miiRebs 

Semdeg saxes: 

  δ AB_ avg  =  =   δ thresh_del_avg 

(4.11) 

sadac M – dakvirvebis periodis xangrZlivoba (M = 7 … 14 dRe); 

n all_AB (m) – A  B hendoverebis cdebis jamuri raodenoba m –ur 

dRes;            

 n all_AX! (m) - A  X I hendoverebis cdebis raodenoba m –ur dRes;       

 δ AB_ avg - A  B hendoverebis cdebis saSualo wili periodSi; 

δ thresh_del_avg - hendoverebis cdebis zRvruli saSualo wili.  

  analogiurad 4.8 – ormimarTulebiani NR) miiRebs Semdeg saxes: 
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     δ AB_ avg   =   δ thresh_del_avg,          

     δ AB_ avg   =   δ thresh_del_avg,        

 

   raTa saimedo iyos,  araefeqturi NR aRmoCenis meTodma unda 

uzrunvelyos im mezoblebis SenarCuneba, romlebic moTxovnili 

arian ara mudmiv safuZvelze, aramed mxolod trafikis nakadebis 

perioduli gadanawilebisas (magaliTad, dasvenebis dReebSi). am 

amocanis gadasaWrelad unda ganvixiloT dasakvirvebel periodSi 

maqsimaluri cdebis procentis statistika. Am SemTxvevaSi (4.7 – 

erTmimarTulebiani NR) miiRebs Semdeg saxes: 

 

  δ AB_ max  = Max            δ thresh_del_max,  m = 1,  …,  M,            

(4.13) 

                          m 

sadac δ AB_ max  - A  B hendoverebis cdebis maqsimaluri wilia 

periodSi; 

δ thresh_del_max - hendoverebis cdebis maqsimaluri zRvruli wilia. 

δ AB_ max   = Max       δ thresh_del_max,       

m = 1,  …, M  

m                                                                                                                        

(4.14) 
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     δ AB_ max   = Max       δ 

thresh_del_max,  m = 1,  …, M       

                            m 

     

     hendoverebis cdebis saSualo da maqsimaluri wilebis 

erToblivi ganxilva saSualebas gvaZlevs SevinarCunoT NR, 

romlebic moTxovnilia rogorc mudmiv, ise droebiT safuZvelze. 

Tumca arsebobs rigi situaciebi, rodesac raRac NR SenarCunebis 

realuri aucilebloba SeuRlebulia hendoverebis cdebis 

SedarebiT mcire raodenobasTan: 

 cdebis mcire procenti ganpirobebulia mocemuli NR – Tvis 

dadgenili parametrebis nakrebiT; 

 cdebis mcire procenti ganpirobebulia droebrivi 

problemebiT qseluri mowyobilobis muSaobaSi  

(magaliTad, ar xdeba signalTa gacvla BSC Soris). 

  CamoTvlili situaciebis gaTvaliswinebis saSualebas iZleva 

fiWebis gadafarvis donis YYAB =   damatebiTi analizi.   

  araefeqturad cnobili NR  SeiZleba mocilebul iqnes mxolod 

damatebiTi pirobebis Sesrulebisas:  

 radioqselisTvis erTmimarTulebiani NR SesaZleblobiT 

                                         YAB   Ythresh_del,                                        (4.15)   

 radioqselisTvis mxolod ormimarTulebiani NR  

SesaZleblobiT 

                               YAB  + Y BA    2 Y thresh_del ;                                    (4.16) 
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sadac Ythresh_del - gadafarvis zRvruli donea (zRvars qvemoT 

gadafarvisas NR AB SeiZleba mocilebul iqnes). 

  mezobeli fiWebis gadafarvis done SeiZleba gansazRvrul iqnes 

p. 4.2– Si Camoyalibebuli principebis Sesabamisad. Tumca, CF 

funqcionalobis nacvlad, saWiro Semomavali monacemebis 

misaRebad Funda gamoviyenoT anaTvlebi BSS DAC  (Defined Adjacent  

Cell). DAC  asrulebs igive funqciebs, rac CF, anaTvlebis obieqtebs 

warmoadgenen NR SeerTebuli fiWebi (Tavi 3). DAC statistikis 

erT – erT upiratesobas warmoadgens mudmiv safuZvelze misi 

Segrovebis SesaZlebloba (anaTvlebi TiToeul NR – ze SeiZleba 

Sesruldes yoveldRiurad).  

  amrigad, mezobeli fiWebis gadafarvis done YYAB unda 

SevafasoT hendoverebis Sesrulebis cdebis sixSiris analizTan 

erTad da mis paralelurad:     

YAB =   =   ,  

Mricxvelebis aRwera moyvanilia cxril 3.2 – Si (Tavi 3). 

  mosaSorebeli araefeqturi NR siis Sedgenisas mizanSewonilia 

gaviTvaliswinoT ganxiluli fiWebis mezoblebis siis mimdinare 

zoma (BAL – BCCH allocation list). Cxadia, rom uefeqto NR Semcireba 

yvelaze aqtualuria fiWebze  gadaTvirTuli BAL - ebiT (e. i. 

fiWebze, sadac BAL _ is sigrZe uaxlovdeba zeda zRvars _ 32), 

radgan es saSualebas gvaZlevs movxsna rigi problemebi: 

 BAL _ is gadatvirTuloba zRudavs operatiuli dagegmvis 

Tavisuflebas, aZnelebs ra axali aqtualuri NR damatebas; 

 BAL _ is gadatvirTuloba qmnis gadaWarbebul SezRudvebs 

stg (sixSirul teritoriuli gegma)_s Seqmnisas da 
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SeiZleba gamoiwvios radioqselis muSaobis ZiriTadi 

xarisxobrivi maCveneblebis gauareseba; 

 BAL_is gadatvirTuloba iwvevs hendoveris Taobaze 

gadawyvetilebis miRebis Seferxebis momateba, auaresebs ra 

maRali mobilobis mqone abonentebis momsaxureobis 

xarisxs. 

  piriqiT, uefeqto NR _s arsebobas fiWebze BAL–is mcire 

zomiT  ( 6..12) ar gaaCnia praqtikulad mniSvnelovani 

uaryofiTi Sedegebi. 

  moyvanili argumentebi amtkiceben BAL_is sigrZis mixedviT 

zRvrebis cvlilebis mizanSewonlobas radioqselis 

konfiguraciidan mosacileblad NR_s SerCevisas. 

  radioqselSi erTmimarTulebiani NR  SesaZleblobiT zRvrebis 

adaptaciis algoriTmi SeiZleba realizebul iqnes Semdegnairad:  

1. BAL sigrZis diapazons 0...32 vyofT 4 intervalad (cxrili 

4.2):  

                                                                                     

cxrili 4.2. 

                                    BAL   sigrZis  klasifikacia 

           intervali                  BAL    sigrZe 

                               I 

                              II 

                             III 

                             IV 

           0.. 12 

           13.. 18 

           19.. 25 

           26.. 32 

 

2. Tu ganxiluli seqtori miekuTvneba I intervals, maSin 

yvela gamomavali NR, narCundebian efeqturobaze 

damokidebulebis miuxedavad. 
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3. Tu seqtori miekuTvneba II – IV intervalebs, maSin zRvrebis 

doneebi Semdegnairad icvlebian (cxrili 4.3): 

 

  intervali        δthresh_del_avg         δthresh_del_max             δthresh_del 

                I 

               II 

              III 

               IV 

       0 

 

          

gazrda 

       0 

 

          

gazrda 

       0    

  

         

gazrda                                

    

     algoriTmi umniSvnelod icvleba,  Tu operatori iyenebs 

mxolod ormimarTulebiani NR  princips: 

1. BAL sigrZis diapazons 0...32 vyofT 4 intervalad (cxrili 

4.2):  

2. Tu orive ganxiluli seqtori A da B miekuTvnebian I 

intervals, maSin Sesabamisi mezobluri damokidebulebebi 

A  B da B  A, narCundebian efeqturobaze damokidebulebis 

miuxedavad. 

3. Tu A da B seqtorebidan Tundac erTi miekuTvneba II, III an IV 

intervals, maSin zRvrebis doneebi myardebian im 

intervalis maqsimaluri nomris Sesabamisad, romelsac 

miekuTvneba erT-erTi seqtori: max{ intervali (A), intervali 

(B)}. cxril 4.4 – Si moyvanili NR mocilebis zRvrebis 

ricxobrivi mniSvnelobebi gamoyenebul iqna radioqselSi. 
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cxrili 4.4. 

                                          NR   mocilebis  zRvrebi 

   intervali          δthresh_del_avg         δthresh_del_max             δthresh_del 

                I 

               II 

              III 

               IV 

       0 

      0.004 

      0.006 

      0.008 

           

       0 

     0.010 

     0.015 

     0.020 

 

           

       0    

      0.10 

      0.30 

      0.40 

                                         

 

     cxrilidan 4.4 gamomdinareobs,  rom zRvari δtresh_del, romelic 

gamoiyeneba NR mosacileblad mniSvnelovnad aRemateba zRvars 

δtresh_add (0.05),  romelic gamoiyeneba NR damatebisas (p. 4.3). es 

uzrunvelyofs NR garantirebul mocilebas, romelic 

damatebuli iyo fiWebs Soris gadafarvis aramaRali doniT, da 

romelmac ar daadastura Tavisi efeqturoba. 

 

 

  4.5. mezobeli fiWebis siebis optimizaciis algoriTmi 

  zemoT SemuSavebuli meTodebi  (p. 4.3 - gamotovebuli NR 

aRmoCena; p.4.4 - uefeqto NR aRmoCena) saSualebas gvaZleven 

avagoT mezobeli fiWebis siebis optimizaciis algoriTmi (nax. 

4.8): 
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●zRvrebis adaptacia    

                                           δ thresh _ del _  avg / max,       Y thresh_del 

 

 

 

 

 

        mosacileblad  uefeqto  NR  siis  formireba 

                    uefeqto  NR  mocileba 

hendoverebis cdebis 

dabali intensivobis mqone  

momqmedi NR  aRmoCena   

δ AB   δ thresh_del_max               

 δ BA  δ thresh_del_max                                            

 δ AB   δ thresh_del_ovg                                            

δ BA  δ thresh_del_ovg        

dasawyisi 

Channel  Finder – is 

anaTvlebi 

im fiWebis gadafarvis donis analizi, 

romlebic ar arian dakavSirebulni NR – Tan 

YY AB = , YY BA =  

 

  Defined  Adjacent  Cell anaTvlebi 

NR – Tan dakavSirebuli   fiWebis 

gadafarvis donis analizi 

YY AB = , YY BA =  

 gadafarvis dabali donis 

mqone  momqmedi  NR  aRmoCena 

YAB  +  Y BA    2Y thresh_DEl 

          T 

  (3 Tve) 

gamotovebuli NR aRmoCena 

YAB  +  Y BA  2 Y thresh_add 

gamotovebuli NR  damateba 

    A  B,   B  A 

hendoverebis cdebis 

intensivobis analizi         

δ AB,  δ BA 

 

Hhendoverebis   A  B,   B  A cdebis 

raodenobaze statistikis dagroveba 

(Handover  Adjacent  Cell  anaTvlebi) 
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    nax. 4.8. mezobeli fiWebis siebis optimizaciis algoriTmis 

sqema 

 

 

 

            daskvnebi 

  TavSi miRebul iqna Semdegi Sedegebi. 

1. gaxsnilia GSM radioqselSi mezobluri damokidebulebebis  

(NR) optimizaciis mniSvneloba. Sesrulebulia mezobeli 

fiWebis optimizaciis cnobili praqtikuli xerxebis mokle 

mimoxilva. dasabuTebulia qseluri statistikis 

gamoyenebaze dafuZnebuli NR optimizaciis algoriTmis 

SemuSavebis aucilebloba. 

2. SemoRebulia fiWebis gadafarvis donis cneba da 

SemuSavebulia gamotovebuli NR aRmoCenis meTodi, 

romelic dafuZnebulia fiWebis gadafarvis doneebis 

Sefasebaze,  da romelic iyenebs qselur statistikas 

Channel Finder BSS. 

3.  SemuSavebulia uefeqto NR aRmoCenis meTodi, romelic 

iyenebs mezobel fiWebs Soris hendoverebis cdebis qselur 

statistikas (Handover Adjacent BSS),  da romelic axdens NR 

mocilebis zRvrebis adaptacias ganxiluli fiWebis 

mezoblebis siebis sigrZeebisadmi. 

4. SemoTavazebulia mezobeli fiWebis siebis optimizaciis 

algoritmis zogadi sqema. 
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daskvna 

  Catarebuli kvlevebis Sedegad, romelTa mizani iyo GSM 

standartis mobiluri radiokavSiris moqmed qselebSi abonentTa 

momsaxureobis xarisxis amaRleba, gadaWrilia qselis 

funqcionirebis Sesaxeb statistikuri monacemebis gamoyenebis 

safuZvelze GSM standartis qselis radioresursebis marTvis 

algoriTmebis SemuSavebis mecnieruli amocana. 

  sadisertacio naSromSi pirvelad iqna miRebuli Semdegi 

Sedegebi :  

1. Camoyalibebulia moTxovnebi qseluri statistikisa da 

radioanaTvlebis Sedegebis gamoyenebis safuZvelze 

radooresursebis marTvis algoriTmebisadmi. 

2. SemuSavebulia GSM standartis mobiluri radiokavSiris 

qselis maTematikuri modeli, romelic qselis muSaobis 

xarisxis maCveneblebs akavSirebs mis saeqspluatacio 

maxasiaTeblebTan da saabonento datvirTvasTan. 

3. Warmoebulia SemuSavebuli maTematikur modelis 

safuZvelze sxvadasxva konfiguraciis qselebisTvis 

Sidasistemuri xelSeSlebis Sefaseba. 

4. Catarebulia qselis mdgomareobaTa SedarebiTi analizi 

Sidasistemuri xelSeSlebis, qselze saabonento datvirTvis 

gaTvaliswinebiT speqtruli efeqturobisa da mowyobilobis 

gamoyenebis efeqturobis kriteriumebis mixedviT. 

5. SemuSavebulia GSM-900 da GSM–1800 TanamimarTuli 

seqtorebis xmovani trafikis regulirebis algoriTmi, 

romelic dafuZnebulia trafikis mimdinare disbalansis 

Sefasebasa da Umbrella - hendoveris amoqmedebis zRvaris 

gamoangariSebaze. 
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6. SemuSavebulia mezobeli fiWebis siebis optimizaciis 

algoriTmi seqtorebs Soris mezobluri damokidebulebebis 

efeqturobis zRvrebis adaptaciiT 

  samecniero debulebebis,  rekomendaciebis dasabuTebuloba 

da kvlevebis Sedegebis utyuaroba dasturdeba “mobitelis” 

qselSi SemoTavazebuli algoriTmebis realizaciis SedegebiT. 
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