
 
 
 
 
 
 
 

  GSM standartis mobiluri qselebis 
gamtarunarianobis gazrdis algoriTmebis analizi 

da damuSaveba 
 
 
 
 

Ggiorgi SamanaZe 
 
 
 
 
 
 
 

wardgenilia doqtoris akademiuri xarisxis mosapoveblad  
 
 
 
 
 

saqarTvelos teqnikuri universiteti 
 

Tbilisi, 0175, saqarTvelo 
 

-----------, 2013 w. 
 
 
 
 
 

saavtoro ufleba © 2013, SamanaZe giorgi omaris-Ze 
 
 



 ii

saqarTvelos teqnikuri universiteti 
 
 
 
 

energetikisa da telekomunikaciis fakulteti 
 
 
 
 
 

 Cven, qvemore xelismomwerni vadasturebT, rom gavecaniT giorgi 
SamanaZis mier Sesrulebul sadisertacio naSroms dasaxelebiT: `GSM 
standartis mobiluri qselebis gamtarunarianobis gazrdis 
algoriTmebis analizi da damuSaveba~ da vaZlevT rekomendacias 
saqarTvelos teqnikuri universitetis  energetikisa da 
telekomunikaciis fakultetis sadiseratacio sabWoSi mis ganxilvas 
doqtoris akademiuri xarisxis mosapoveblad. 
 
 
 
 
 
TariRi _______________ 
 
 
 
xelmZRvaneli:   profesori,                                beriZe j. l.  

 

recenzenti: 

 

recenzenti: 

 
 

 
 
 
 
 
 
 
 
 



 iii

saqarTvelos teqnikuri universiteti 
 

2013 w. 
 
 
 

avtori:  SamanaZe giorgi  

dasaxeleba: GSM standartis mobiluri qselebis  
                          gamtarunarianobis gazrdis algoriTmebis analizi  
             da damuSaveba 
 

fakulteti: energetika da telekomunikacia 

xarisxi:  doqtori 

sxdoma Catarebulia:: ____   _______________ 2013 w. 

 

 individualuri pirovnebebis an institutebis mier, 

zemoTmoyvanili dasaxelebis disertaciis gacnobis mizniT moTxovnis 

SemTxvevaSi, misi arakomerciuli miznebiT kopirebisa da gavrcelebis 

ufleba miniWebuli aqvs saqarTvelos teqnikur universtets. 

__________________________________________ 
avtoris xelmowera 

 

avtori inarCunebs danarCen sagamomcemlo uflebebs da arc 

mTliani naSromis da arc misi calkeuli komponentebis gadabeWdva da 

sxva raime meTodiT reproduqcia dauSvebelia avtoris werilobiTi 

nebarTvis gareSe.  

avtori irwmuneba, rom naSromSi gamoyenebuli saavtoro 

uflebebiT dacul masalebze miRebulia Sesabamisi nebarTva (garda is 

mcire zomis citatebisa, romlebic moiTxoven mxolod specifiur 

mimarTebas literaturis citirebaSi, rogorc es miRebulia samecniero 

naSromebis Sesrulebisas) da yvela maTganze iRebs pasuxisgeblobas. 

 
 
 
 
 



 iv

reziume 

sadisertacio naSromis,  “GSM standartis mobiluri qselebis 

gamtarunarianobis gazrdis algoriTmebis analizi da damuSaveba”,   

mizans warmoadgens GSM standartis qselebis gamtarunarianobis 

gazrdis amocanis gadawyveta, masobrivi momsaxurebis Teoriis 

safuZvelze damuSavebuli  maTematikuri modeliT. 

dRevandel pirobebSi saqarTveloSi mimdinareobs 

satelekomunikacio sferos swrafi ganviTareba, rogorc monacemTa 

gadacemis aseve satelefono trafikis gatarebis ganxriT. mobiluri 

satelekomunikacio mimarTulebiT saqarTveloSi yvelaze farTo 

gavrceleba hpova GSM standartis mobilurma qselebma. aRniSnuli 

qselebisaTvis gankuTvnili sixSiruli speqtri mTlianadaa aTvisebuli, 

amitom arsebuli mobiluri operatorebisaTvis qselis gafarToebis da 

xarisxis gaumjobesebis mimarTulebiT  ualternativoa sxvadasxva 

opciebis gamoyeneba.  

dasaxuli miznis Sesasruleblad saWiro gaxda gadagvewyvita 

Semdegi amocanebi: 

- GSM standartis qselebSi  abonentebis mobilurobis 

SesaZleblobebis analizis safuZvelze qselis maTematikuri modelis 

parametrebis gansazRvra, romlebic iwinaswarmetyvelebdnen qselis 

gadatvirTulobas sabazo sadguris rafiointerfeisis qvesistemisaTvis. 

- arsebuli opciebis gamoyenebisas praqtikuli rekomendaciebis 

damuSaveba, romlebic mogvcemdnen mobiluri qselis tevadobis 

gazrdis saSualebas. 

sadisertacio naSromis SesavalSi Camoyalibebulia naSromis 

aqtualoba, moyvanilia sakvlevi sakiTxebis mokle mimoxilva, 

formulirebulia miznebi da amocanebi, ZiriTadi debulebebi, 

romlebic gamotanilia dacvaze. 

pirvel TavSi mocemulia im ZiriTadi opciebis klasifikacia da 

aRwera, romlebsac iyeneben mobiluri kompaniebis umravlesoba da 

romlebic saSualebas iZlevian gaizardos mobiluri qselis tevadoba. 
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meore TavSi ganxilulia GSM mobiluri qselis xarisxis 

Sefasebis meTodebi, rogoricaa: draiv-testis Catareba,  statistikuri 

monacemebis analizi, romlebic  aRebulia mobiluri qselis iseTi 

elementebisaTvis, rogoricaa bazuri sadguris da komutaciis 

qvesistemebi, sxvadasxva interfeisze aRebuli trasirebis analizi.  

moyvanilia xarisxis indikatoris formirebis ZiriTadi 

principebi, aseve damuSavebulia midgoma xarisxis maCvenebeli 

formulebis Sesadgenad. 

Mmesame TavSi mocemulia qselis awyobis algoriTmebi GSM 

standartis qselis gamtarunarianobis gazrdisaTvis. Mmobiluri 

qselis gadatvirTulobis Semcirebis erT-erTi mTavari meTodis, 

“pirdapiri gadadaniSnulebis” proceduris magaliTze naCvenebia misi 

gavlena qselis xarisxis iseT maCvenebelze, rogorebicaa, uaris 

albaToba, SeerTebis pocesis gawyvetis da warumatebeli SeerTebis 

procenti. am proceduris muSaobis principidan gamomdinareobs, rom 

gamoZaxeba momsaxurebisaTvis SeiZleba gadaeces fiWas cudi 

radiopirobebiT, ramac Tavis mxriv  gamoiwvios SeerTebis Semdgomi 

gaTiSva. Aamitom mniSvnelovania moiZebnos kompromisi 

gadatvirTulobis mniSvnelobis gaumjobesebasa da SeerTebis gawyvetis 

mniSvnelobis zrdas Soris. 

disertaciis meoTxe TavSi aRwerilia maTematikuri modeli, 

romelic gamoiyeneba gadatvirTulobis winaswarmetyvelebis 

algoriTmebis dasamuSaveblad. 

sadisertacio naSromis ZiriTadi Sedegebi: 

1. Catarebuli analizis safuZvelze SemoTavazebul iqna opciaTa 

klasifikacia, romlebic saSualebas iZlevian GSM standartis 

mobilur qselebSi gazardos tevadoba damatebiTi transiverebis 

dayenebis gareSe.  

2. praqtikuli Sedegebis safuZvelze gansazRvrul iqna GSM 

standartis qselebSi, qselis konfiguraciidan, misi ganviTarebis 

xarisxidan da qselis xarisxis ZiriTadi maCveneblebis 
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mniSvnelobidan  gamomdinare, ganxiluli opciebis gamoyenebis 

Tanmimdevroba 

3. Catarebul iqna mobiluri qselis xarisxis Sefasebis ZiriTadi 

meTodebis analizi, rogoricaa: testuri gamoZaxebebi an draiv 

testebi, trasirebis analizi da qselis kontroleridan 

miRebuli statistikuri informaciis damuSaveba.  

4. Catarebul iqna im opciaTa gavlenis analizi qselis xarisxobriv 

maCveneblebze, romlebic zrdian qselis tevadobas.  

5. miRebuli Teoriuli Sedegebis gaTvaliswinebiT Catarebul iqna 

gadatvirTulobis prognozireba GSM standartis „bilainis” 

mobilur qselSi abonentebis adgilmdebareobis gansazRvris 

Taviseburebebidan gamomdinare.  

6. GSM standartis „bilainis” mobiluri qselisaTvis ganisazRvra 

gadatvirTulobis winaswarmetyvelebis algoriTmis parametrebi. 

7. Catarebul iqna „pirdapiri gadadaniSnulebis” proceduris 

gavlenis analizi mobiluri qselis ZiriTad xarisxobriv 

maCveneblebze.  

8. Catarda Sefaseba da moZebnil iqna regresiis koeficientis 

sandoobis intervali analitikuri gamosaxulebisaTvis.  

9. GSM standartis „bilainis” mobiluri qselebisaTvis, imisaTvis 

rom avamaRloT qselis gamtarunarianoba,  SemoTavazebul iqna 

qselis awyobis algoriTmi GPRS teqnologiis gaTvaliswinebiT.  
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Abstract 

 
    Dissertation, "Analysis and design of capacity increasing algorithms for GSM 

standard networks ", aims to increase the capacity of GSM networks in standard tasks based 

on the theory of mass service. 

    The rapid development of the telecommunications sector in the current crisis in Georgia, as 

well as data transfer through the phone or traffic studies. Spread and impact of mobile 

telecommunications in the direction of Georgia's largest GSM mobile network standard. The 

frequency range for the network is fully utilized, the existing mobile network operators to 

expand and improve the quality of existing use of the various options. 

    For achievement of a goal it was necessary to solve the following problems; 

    On the basis of the analysis of opportunities of an assessment of mobility of subscribers in 

networks of the GSM standard to determine parameters of mathematical model for a 

prediction of overloads on the radio interface of a subsystem of base stations. 

    To develop practical recommendations about use of the existing options, allowing to 

increase network capacity. 

    In introduction relevance of a subject of research is proved, are formulated the purpose and 

problems of work, the results received in the course of writing of the thesis are listed, defined 

practical value and areas of applicability of basic provisions of the dissertation work 

submitted for protection. 

      In chapter 1 classification and the description of the main options are given, to increase 

the capacity of a network and the mobile operators who were used by the majority.  

     In chapter 2 the main methods of an assessment of quality of networks – carrying out the 

drive tests, the analysis the statistician, received from elements of a network of a subsystem of 

base stations and switching, the analysis of the traces removed from various interfaces are 

considered. 

     The basic principles of formation of indicators of quality are given, and also approach to 

drawing up formulas is developed for calculation of indicators of quality. 

   Algorithms of settings are given in a chapter 3 for increase of capacity of networks of the 

GSM standard. On the example of procedure of "a direct reassignment " – one of the main a 

way of reduction of overloads - its influence on such indicators of quality of a network, as 
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probability of refusal, percent of breaks of connections and percent of unsuccessful 

connections is considered. From the principle of work of this procedure follows that for call 

service, it is told in соту with the worst radio conditions that can cause the subsequent break 

of connection. Therefore the compromise between improvement of values of overloads and 

increase in values of breaks of connections is important. 

   In chapter 4 the mathematical model used at development of algorithm of a prediction of 

overloads is described. 

    In introduction relevance of a subject of research is proved, are formulated the purpose and 

problems of work, the results received in the course of writing of the thesis are listed, defined 

practical value and areas of applicability of basic provisions of the dissertation work 

submitted for protection. 

      In chapter 1 classification and the description of the main options are given, to increase 

the capacity of a network and the mobile operators who were used by the majority.  

     In chapter 2 the main methods of an assessment of quality of networks – carrying out the 

drive tests, the analysis the statistician, received from elements of a network of a subsystem of 

base stations and switching, the analysis of the traces removed from various interfaces are 

considered. 

     The basic principles of formation of indicators of quality are given, and also approach to 

drawing up formulas is developed for calculation of indicators of quality. 

   Algorithms of settings are given in a chapter 3 for increase of capacity of networks of the 

GSM standard. On the example of procedure of "direct reassignment" – one of the main a 

way of reduction of overloads - its influence on such indicators of quality of a network, as 

probability of refusal, percent of breaks of connections and percent of unsuccessful 

connections is considered. From the principle of work of this procedure follows that for call 

service, it is told in cells  with the worst radio conditions that can cause the subsequent break 

of connection. Therefore the compromise between improvement of values of overloads and 

increase in values of breaks of connections is important. 

   In chapter 4 the mathematical model used at development of algorithm of a prediction of 

overloads is described. 

1 . On the basis of the carried-out analysis classification of the options, allowing to increase 

capacity in GSM standard  networks without installation of additional transceivers is offered. 
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2 . On the basis of practical results the sequence of application of the considered options in 

GSM standard  networks depending on an existing configuration of a network, extent of 

development, and also values of the main indicators of quality is defined. 

3 . The analysis of the main methods of an assessment of quality of networks of cellular 

communication – test calls or the drive tests, the analysis of traces and processing of the 

statistical information received from controlers of a network is carried out. 

4 . The analysis of influence of the options increasing capacity of a network, on quality 

indicators of a network is carried out. 

5 . Taking into account the received theoretical results the analysis of algorithms of 

forecasting of overloads in GSM standard “beeline” networks taking into account features 

of determination of location of subscribers in such networks is carried out. 

6 . For networks of the GSM standard “beeline” parameters of algorithms of a prediction of 

overloads are determined. 

7 . The analysis of influence of procedure of "direct reassignment" on the main quality 

indicators of a network is carried out. 

8 . The assessment is carried out and confidential intervals of coefficients of regression for 

analytical expressions are found. 

9 . With I aim increases of capacity of networks of the GSM standard  the algorithm of 

control of a network taking into account the GPRS technology was offered. 
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Sesavali 

Temis aqtualoba. Nsatelekomunikacio sferoSi dasaqmebuli 

nebismieri  kompaniis winaSe dgas amocana moaxdinos qselis 

mSeneblobaze da ganviTarebaze danaxarjebis minimizacia, ise rom 

SeinarCunos momsaxurebis xarisxobrivi maxasiaTeblebis misaRebi 

done. dRevandel dRes saqarTveloSi mimdinareobs 

satelekomunikacio sferos swrafi ganviTareba, gansakuTrebiT 

mobiluri kavSirgabmulobis mimarTulebiT, amasTan yvelaze didi 

gavrceleba mobilur qselebSi hpova GSM standartma.  

   mobiluri qselis rigiTi abonenti sul met da met momsaxurebas 

iTxovs, rogoricaa: GPRS/EDGE teqnologiis bazaze sxvadasxva 

servisebi, SMS da MMS Setyobinebis gacvla. amasTan, sxvadasxva 

SefasebiT aRniSnuli damatebiTi momsaxurebebi,  SesaZleblobas 

iZleva gaizardos operatoris iseTi saWiro ekonomiuri maCvenebeli 

rogoricaa erTi abonentis saSualo Semosavali (ARPU) (15-20)%-iT 

[12].   Bbunebrivia, rom axali teqnologiebis danergva moiTxovs im 

mowyobilobebis modernizacias, romelzec iqneba aRniSuli 

teqnologia realizebuli. Ees procesi warmoadgens rTul amocanas 

da mowyobilobebis mwarmoebeli sxvadasxva kompaniebi Taviseburad 

wyveten mas. Tanac icaven moTxovnil standartebs (ETSI, ITU da 

sxva).  

    amasTan, ama Tu im kvanZis realizaciisaTvis gamoyenebuli 

meTodebi, SeiZleba iyos saerTo. magaliTisaTvis SeiZleba 

moviyvanoT simZlavris gamaZliereblis sworxazovnebis meTodi 

[23,62-67,72], romelTa gamoyeneba aqtualuri xdeba EDGE da mesame 

Taobis mobilur qselebze gadasvlisas, sadac gamoiyeneba signali 

ara mudmivi (GSM), aramed cvalebadi momvlebiT  [12]. 

   mowyobilobis damuSaveba warmoadgens momwodebeli kompaniis 

prerogativas da masze mobiluri qselis operatorebis zegavlena 

minimaluria. amasTan, naTelia, rom rCevebs da gansakuTrebiT 

pretenziebs  mowyobilobebze da programul uzrunvelyofaze 

iTvaliswineben da SeaqvT Sesabamisi koreqtivebi. unda aRiniSnos, 

rom mobiluri kavSirgabmulobis operatorebis ZiriTad amocanas 
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warmoadgens, arsebuli mowyobilobebiT, momxmarebelze xarisxiani 

momsaxurebis uzrunvelyofa. risTvisac iyeneben sxvadasxva opciebs 

da awyoben qsels gansazRvruli saxiT. Aam nawilSi mobilur 

operators sakmarisi SesaZleblobebi gaaCniaT.  

   Aar unda daviviwyoT, ganviTarebis mocemul etapze, mobiluri 

kavSirgabmulobis ZiriTadi funqcia – xmovani (satelefono) 

momsaxurebaa. dRevandel dRes satelekomunikacio bazris 

ganviTarebis xarisxi iseTia, rom abonentebs ara marto surT 

laparakis SesaZlebloba nebismier dros, nebismier adgilas, aramed 

iTxoven xarisxiani momsaxurebis miRebas. aRsaniSnavia, rom 

mobiluri kavSirgabmulobis nebismieri servisi iyenebs erT da 

igive fizikur resurss – radioarxs, amitom pirvel rigSi saWiroa 

arsebuli resursi swored gavanawiloT sxvadasxva servisebs Soris 

da meores mxriv sxvadasxva algoriTmebis gamoyenebiT movaxdinoT 

maTi efeqturi gamoyeneba. marTvis problemebis analizze, 

informaciis Senaxvaze, aseve mimdinare procesebis maTematikur 

aRweraze, romlebic mimdinareoben masobrivi momsaxurebis 

sistemebSi, miZRvnilia sazRvargareTis mecnierTa mravali naSromi. 

   saqarTveloSi sixSiruli resursebis efeqturi gamoyeneba, 

romelic gamoyofilia GSM standartis mobiluri sistemebisaTvis, 

imis gamo, rom maT waeyeneba sxvadasxva SezRudvebi, Zalian 

aqtualuria, gansakuTrebiT (880-915)mhc.Dda (925-960)mhc. (SemdgomSi 

SemoklebiT 900mhc.) sixSirul diapazonSi. xSir SemTxvevaSi 

SeuZlebelia mobiluri qselis gafarToeba damatebiTi transiveris 

dayenebiT, radgan aman sixSiruli zolis simciris gamo SeiZleba 

gamoiwvios interferencia, rac Tavis mxriv mkveTrad auaresebs 

momsaxurebis xarisxs. amitom xSir SemTxvevaSi mniSvnelovania 

sxvadasxva algoriTmebisa da meTodebis gamoyeneba, romlebic 

saSualebas iZlevian gadanawildes trafiki da gazardos mobiluri 

qselis tevadoba, damatebiTi transiveris dadgmis gareSe. miT 

umetes, xSir SemTxvevaSi ismeba amocana, rom mobiluri qselis 

tevadoba gaizardos dinamiurad da drois saWiro momentSi, e.i. 

maSin roca sinamdvileSi adgili aqvs radiointerfeisSi arxebis 
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naklebobas.  sxva sityvebiT, aucilebelia gamoyenebul iqnas 

algoriTmi, romelic saSualebas mogvcems viwinaswarmetyveloT 

mobiluri qselis gadatvirTuloba da vmarToT misi tevadoba.   

  zemoT moyvanili faqtorebis gaTvaliswinebiT analizis Catareba, 

efeqturobis Sefaseba da misi gavleba qselis tevadobis gazrdis 

ZiriTadi opciebis xarisxobriv maCveneblebze, aseve qselis 

gadatvirTulobis winaswarmetyvelebis maTematikuri modelis 

parametrebis gansazRvra da GSM standartis qselebSi salaparako 

da paketuri trafikis gadanawileba warmoadgens aqtualur 

amocanebs. 

   samuSaos mizani. sadisertacio samuSaos mizans warmoadgens 

GSM standartis qselebis gamtarunarianobis gazrdis amocanis 

gadawyveta, masobrivi momsaxurebis Teoriis safuZvelze 

damuSavebuli  maTematikuri modeliT. 

   dasaxuli miznis Sesasruleblad saWiro gaxda gdagvewyvita 

Semdegi amocanebi: 

- GSM standartis qselebSi  abonentebis mobilurobis 

SesaZleblobebis analizis safuZvelze qselis maTematikuri 

modelis iseTi parametrebis gansazRvra, romlebic 

iwinaswarmetyvelebdnen qselis gadatvirTulobas sabazo sadguris 

rafiointerfeisis qvesistemisaTvis; 

- arsebuli opciebis gamoyenebisas praqtikuli rekomendaciebis 

damuSaveba, romlebic mogvcemdnen mobiluri qselis tevadobis 

gazrdis saSualebas; 

- qselis sxvadasxva elementebidan miRebuli eqsperimentuli 

monacemebis statistikuri damuSavebis safuZvelze, sabazo sadguris 

logikuri parametrebis dasaSvebi mniSvnelobis  gaTvlis 

algoriTmis damuSaveba, “pirdapiri gadadaniSnulebis” 

procedurebis awyobisas; 

- eqsperimentuli monacemebis safuZvelze radio interfeisis 

resursebis, salaparako da paketur trafikebs Soris, 

gadanawilebis algoriTmis dasabuTeba  da damuSaveba, raTa 
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maqsimalur efeqturad iqnes gamoyenebuli mobiluri qselis 

arsebuli tevadoba. 

gamokvlevis saerTo meTodika. Bsabazo sadguris logikuri 

parametrebis dasaSvebi mniSvnelobebis gaTvlis algoriTmis 

damuSavebisas,  “pirdapiri gadadaniSnulebis” procedurebis 

awyobisas, da qselis gadatvirTulobis modelis parametrebis 

gansazRvrisas gamoyenebul iqna masobrivi momsaxurebis, 

teletrafikis, albaTobis da  statistikuri radioteqnikis 

Teoriebi. 

samuSaos ZiriTadi siaxles da samecniero Sedegebs warmoadgens: 

1.  ganisazRvra parametrebi, romlebic afasebdnen abonentebis 

mobilurobas, amasTan iTvaliswinebdnen GSM standartis qselebSi 

abonentebis adgilmdebareobis gansazRvris Taviseburebebs. 

2.  gamokvleul da dasabuTebul  iqna GSM  standartis  qselis 

gadatvirTulobis prognozirebisaTvis maTematikuri modeli, aseve 

ganisazRvra misi parametrebi miRebuli mobilurobis 

koeficientebis gaTvaliswinebiT. 

3.   damuSavda “pirdapiri gadadaniSnulebis”   procedurebis  

awyobis algoriTmi, romelic saSualebas iZleva sabazo sadguris 

radiointerfeisis qvesistemaze Seamciros gadatvirTuloba. amasTan 

SenarCunebul iqnas SeerTebis gawyvetis procesis minimaluri 

procentuli done. 

4.   statistikuri  monacemebis damuSavebis  (200 000 meti anaTvali 

„bilaini”-s qseli) safuZvelze miRebul iqna analitikuri  

damokidebuleba sabazo sadguris   logikur   parametrebis   

dasaSvebi mniSvnelobebis gaTvlisaTvis “pirdapiri    

gadadaniSnulebis”   procedurebis awyobisas. Catarda miRebuli 

formulis gamokvleva da monaxul iqna sando intervalebi.  

5.   statistikuri  monacemebis damuSavebis  (200 000 meti anaTvali 

„bilaini”-s qseli) safuZvelze damuSavda da dasabuTda salaparako 

da paketur trafikebs Soris qselis resursebis gadanawilebis 

meTodika, romelic saSualebas iZleva xarisxis normativebi orive 

momsaxurebisaTvis iyos dakmayofilebuli. 
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6.   statistikuri  monacemebis damuSavebis  (300 000 meti anaTvali 

„bilaini”-s qseli) safuZvelze SemuSavebuli iqna qselis tevadobis 

gazrdis opciis praqtikuli gamoyenebis rekomendaciebi.  

   sakuTari wvlili. Ggamokvlevebis Teoriuli da praqtikuli  

Sedegebi, aseve maTgan gamomdinare daskvnebi da rekomendaciebi 

miRebulia avtoris mier. 

praqtikuli faseuloba. sadisertacio naSromSi Sesrulebuli 

gamokvlevebi da qselis gadatvirTulobis prognozirebis 

maTematikuri modelis moZebnili parametrebi saSualebas iZlevian, 

trafikis zrdis adreul etapze, miRebul iqnas zomebi, 

radiointerfeisis parametrebis gadasawyobad, raTa Tavidan iqnes 

acilebuli uari abonentis momsaxurebis dros. 

    Mmobiluri qselebis xarisxis Sefasebis ganxiluli meTodebi da 

maTi gamoyenebis rekomendaciebi, saSualebas miscems mobiluri 

qselis operatorebs mudmivad ganaxorcielos qselis mdgomareobis 

kontroli da miwodebuli momsaxurebis xarisxi SeinarCunos maRal 

doneze. 

   sadisertacio naSromSi moyvanili ZiriTadi opciebis danergvis 

rekomendaciebi, romlebic zrdis mobiluri qselis tevadobas, 

aZlevs mobiluri qselis operators SesaZleblobas ufro 

efeqturad da droulad gaaaqtiuron isini TavianT qselebSi, rac 

saSualebas miscemT ufro ukeT gamoiyenon arsebuli resursebi. 

   “pirdapiri gadadaniSnulebis” proceduris awyobis 

damuSavebuli meTodika uzrunvelyofs GSM standartis qselebSi 

radiointerfeisze gadatvirTulobebis Semcirebas, amasTan dabal 

doneze iqneba SenarCunebuli arsebuli SeerTebebis gaTiSvis 

mniSvnelobebi, rac zrdis ara marto arsebuli resursis 

gamoyenebas, aramed momsaxurebis xarisxs.    

   analitikuri damokidebuleba, romelic miiReba sabazuri 

sadguris logikuri parametrebis dasaSvebi mniSvnelobebis 

gasaTvlelad, “pirdapiri gadadaniSnulebis” procesebis dros, 

gadatvirTulobebis prognozirebis algoriTmTan erTad, mobiluri 

kavSiris operatorebs saSualebas aZlevs adreul etapze, ara 
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marto aRmoaCinon warmoqmnili gadatvirTulobebi, aramed 

droulad gaataron zomebi maT Sesamcireblad, raTa minimumamde 

iqnas dayvanili maTi gavlena xarisxis Sefasebis sxva ZiriTad 

maCvenebelze. 

  saparako da paketur trafikebs Soris radiointerfeisis 

resursebis gadanawilebis damuSavebuli da dasabuTebuli 

algoriTmi, saSualebas iZleva resursebis SezRuduli 

mniSvnelobebis dros, gamoyenebuli iqnes, rogorc salaparako 

informaciis, aseve monacemTa gadasacemad, amasTan erTad 

SenarCunebuli iqneba momsaxurebis maRali xarisxi.  

sadisertacio naSromis Sedegebis realizacia. sadisertacio 

naSromis ZiriTadi Sedegebi danergilia „bilaini”-s  mobilur 

qselSi da gamoiyeneba saqarTvelos teqnikuri universitetis 

telekomunikaciis fakultetze saswavlo procesSi. 

samuSaos Sedegebis aprobacia da gamoqveynebuli Sromebi.  

sadisertacio naSromis ZiriTadi Sedegebi moxsenebul da 

ganxilul iqna stu-s  profesor-maswavlebelTa samecniero 

konferenciebze da saerTaSoriso samecniero Jurnal 

„inteleqtualSi”. 

gamoqveynebuli Sromebi. gamoqveynebulia 5 nabeWdi naSromi [82-86]   

  dacvaze gamotanili ZiriTadi poziciebi: 

 mobiluri operatorebis mier qselis tevadobis gazrdis 

ZiriTadi opciebis analizis safuZvelze, damuSavebul iqna maTi 

gamoyenebis rekomendaciebi, romlebic dasabuTebulia praqtikuli 

SedegebiT: 

 - mobiluri qselis daproeqtebis dros mizanSewonilia orientacia 

gakeTdes trafikis 20-30%-ian  nawilze reJimSi Half Rate;  

  - “pirdapiri gadadaniSnulebis” procedurebis gamoyeneba 

saSualebas iZleva 25%-mde gaizardos mobiluri qselis tevadoba;                  

- or diapazoniani qselis awyoba saSualebas iZleva 5%-mde 

gaizardos mobiluri kavSiris qselis fiWis resursis gamoyenebis 

efeqturoba;                                                             

- sixSiris gadawyobis fsevdoalbaTuri meTodis gamoyeneba 
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saSualebas iZleva 15%-iT gaumjobesdes CunSR-is mniSvneloba, 

xolo TAsFR_radio parametris mniSvneloba ki orjer. 

 mobilurobis parametrebis safuZvelze, qselis 

gadatvirTulobis sixSiris prognozirebisaTvis, maTematikuri 

modelis parametrebi, romelic gamoTvlilia GSM standartis 

mobiluri qselebisaTvis gviCveneben, rom intensivobis dros 

h0=10ab/wm analizisaTvis saWiro intervali Seadgens 100-250 wm., 

rac daaxloebiT 3-4 jer naklebia gadatvirTulobis warmoqmnis 

realurad SesamCnev droze, “sacobis”, avariis an amgvari tipis 

situaciis dros. rac saSualebas aZlevs mobiluri kavSiris 

operators miRebuli modeli gamoyenebul iqnas qselis resursebis 

dinamiured gadamwyob mowyobilobebSi. 

 miRebuli analitikuri formula gviCvenebs, rom signalis 

donis minimaluri mniSvnelobis  Signal_levmin= -95dbm. dros, 

imisaTvis rom warumatebuli SeerTebebis raodenoba SenarCunebul 

iqnas ara umetes 2%-is farglebSi, logikuri parametrebi, 

romlebic pasuxs ageben  “pirdapiri gadadaniSnulebis” procedures 

muSaobaze, iseTnairad unda aiwyos, rom signalis wili zRvruli 

donis qvemoT ar aRematebodes 15%.  

 salaparako da paketur trafikebs Soris radiointerfeisis 

resursebis  gadanawilebis algoriTmis moZebnili parametrebi 

saSualebas iZlevian PgaT._gprs–is mniSvneloba SevinarCunoT (1-2)%-is 

farglebSi, PgaT. mniSvnelobaze minimaluri zemoqmedebis dros. 

TRX-parametris raodenoba HIGH_TRAFFIC MAX_PDCH 

1TRX 83% 5 

2TRX 92% 12 

3TRX 90% 19 

4TRX 93% 26 

5TRX 94% 34 

6TRX 95% 41 

-EerTi da or transiveriani seqtorebisaTvis, Half Rate reJimisgan 

damoukideblad, MAX_PDCH da HIG_TRAFFIC mniSvnelobebi:   
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    MAX_PDCH=TSraodenobas–1, sadac TS im taimslotebis raodenobaa,  

romlebic ar arian dakavebuli sasamsaxuro arxebiT.  

    MAX_PDCH_HIGH_TRAFFIC=100*(MAX_PDCH)/(TSraodenoba);  

- sam da met transiveriani seqtorebisaTvis Half Rate reJimisgan 

damoukideblad:  

      MAX_PDCH=TSraodenobas–2,   

      HIG_TRAFFIC=*(MAX_PDCH)/(TSraodenoba).   

    naSromis moculoba da struqtura. disertacia Sedgeba 

Sesavlis, oTxi Tavisa da literaturisagan. naSromi Seicavs 165 

nabeWd gverds, 58 naxazs da 9 cxrils. gamoyenebul literaturaSi 

miTiTebulia 86 wyaro.   

samuSaos Semcveloba 

   SesavalSi dasasabuTebulia gamosakvlevi Temis aqtualoba, 

Camoyalibebulia samuSaos mizani da amocanebi, CamoTvlilia  

Sedegebi, romlebic miRebuli iyo disertaciis damuSavebis dros, 

gansazRvrulia sadisertacio naSromis praqtikuli faseuloba da 

gamoyenebis sferos ZiriTadi aspeqtebi, romlebic gamotanilia 

dacvaze.   

    sadisertacio naSromis pirvel TavSi mocemulia im ZiriTadi 

opciebis klasifikacia da aRwera, romlebsac iyeneben mobiluri 

kompaniebis umravlesoba da romlebic saSualebas iZlevian 

gaizardos mobiluri qselis tevadoba. rogoricaa: hendoveris 

sxvadasxva saxeoba, maT Soris ierarqiuli fiWisaTvis, “pirdapiri 

gadadaniSnulebis” procedurebi, naxevarsiCqariani kodirebis 

reJimi, sixSireebis fsevdoalbaTuri gadawyoba, simZlavris 

regulireba da cvladi gasxiveba. Catarebuli analizis safuZvelze 

formulirebul iqna ZiriTadi gamosakvlevi poziciebi, romlebic 

saSualebas iZlevian gaizardos mobiluri qselis resursebis 

gamoyenebis efeqturoba.     

    ama Tu im momsaxurebis cudi xarisxis gamomwvev ZiriTad mizezs 

warmoadgens sabazo sadguris resursis ukmarisoba, rac iwvevs 

radiointerfeisis gadatvirTulobas da/an gareSe xelSeSlebs. 
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Catarebuli analizis safuZvelze SeTavazebulia opciebis Semdegi 

klasifikacia:  

   1. opciebi, romlebic amcireben gadatvirTulobas, e.i. romlebic 

saSualebas iZlevian mezobel fiWebs Soris gadaanawilon trafiki 

(hendoveris sxvadasxva saxeoba, naxevarsiCqariani kodirebis reJimi, 

qselis ierarqiuli struqturis gamoyeneba);  

   2. opciebi, romlebic saSualod amcireben interferenciebs 

qselis SigniT (sixSiris fsevdoalbaTuri gadawyoba, simZlavris 

regulireba da cvalebadi  gamosxiveba).    

      mobiluri qselis ganviTarebis sawyis etapze, rodesac ZiriTad 

problemas warmoadgens qselis tevadobis ukmarisoba da aqedan 

gamomdinare gadatvirTulobebis arseboba, mizanSewonilia 

gamoviyenoT da Sesabamisad avawyoT opciebi, romlebic 

ganTavsebulia pirvel jgufSi. Semdgomi, optimizaciis procesSi, 

rodesac ZiriTad rols iTamaSebs  radio problemebi, azri aqvs 

ZiriTadi yuradReba daeTmos meore jgufis opciebs.  

   praqtikuli TvalsazrisiT, gansakuTrebul interess iwvevs 

pirvel jgufSi ganTavsebuli opciebi, ramdenaTac maTi gamoyeneba, 

rogorc teqnikuri, aseve ekonomiuri mxridan  iZlevian SesamCnev 

Sedegebs. mobilur operators yvelaze meti Tavisufleba gaaCnia 

“pirdapiri gadadaniSnulebis” opciis procedurebis 

ganxorcielebisas, magram dReisaTvis im logikuri parametrebis 

mniSvneloba, romlebic aRniSnuli opciebis muSaobaze pasuxoben, 

aiReba konkretuli inJinris gamocdilebidan gamomdinare, 

romlebic emsaxurebian qselis optimizacias, e.i. ar arsebobs 

maTematikurad dasabuTebuli midgoma. Aaqedan gamomdinare 

SemdgomSi warmatebiT gadaiWreba analitikuri damokidebulebis 

amocana, romelic saSualebas gvaZlevs dasabuTebulad miudgeT 

“pirdapiri gadadaniSnulebis” procedurebis awyobisas.  

   YgansakuTrebiT didi  praqtikuli mniSvneloba aqvs, aRniSnuli 

opciis ara statikur reJimSi, aramed dinamiur reJimSi awyobas. 

amisaTvis aucilebelia gadatvirTulobis winaswarmetyvelebis 

maTematikuri modelis parametrebis gansazRvra da arsebuli 
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qselis resursebis salaparako da monacemTa trafikebs Soris 

gadanawilebis gaTvaliswineba GSM standartis mobiluri 

qselebisaTvis, rac Sedis SemdgomSi gadasaWrel amocanebSi.  

    meore TavSi ganxilulia GSM mobiluri qselis xarisxis 

Sefasebis meTodebi, rogoricaa: draiv-testis Catareba, im 

statistikuri monacemebis analizi, romlebic  aRebulia mobiluri 

qselis iseTi elementebisaTvis, rogoricaa sabazo sadguris da 

komutaciis qvesistemebi, sxvadasxva interfeisze aRebuli 

trasirebis analizis monacemebi. imis gamo, rom anaTvlebs gaaCniaT 

didi reprezentuloba, SedarebiT mcire Rirebuleba da monacemebis 

aRebis simartive, ZiriTadad SeiZleba miviCnioT statistikis 

analizi, magram es meTodi ar iZleva saSualebas Sefasebuli iqnas 

yvela aspeqti, romlebic uSualo SexebaSia momsaxurebis xarisxis 

SefasebasTan, amitom samive erTmaneTis Semavsebeli meTodis 

erTdrouli gamoyeneba aZlevs mobiluri kompaniis operators 

abonentze miwodebul momsaxurebis xarisxze iqonios srulyofili 

da obieqturi suraTi.  

    moyvanilia xarisxis indikatoris formirebis ZiriTadi 

principebi, aseve damuSavebulia midgoma xarisxis maCvenebeli 

formulebis Sesadgenad. SeerTebis damyarebis procesis mixedviT 

gamoZaxebebis mTeli procedura dayofilia ramodenime nawilad, 

xolo Semdeg warumatebeli procesebis  albaTobaTa 

gadamravlebiT, gamoiTvleba xarisxis globaluri maCvenebeli – 

warumatebeli gamoZaxebis procenti (CunSR), romelic mTlianad 

axasiaTebs qsels da iZleva qselebis Sedarebis saSualebas. aseve 

Seicavs: - mmarTveli arxis warumateblad miniWebis procents 

(SDAsFR), - SeerTebis gawyvetebis procents marTvis arxSi 

gamoZaxebis yofnis dros  (SDCDR), trafikisaTvis arxis 

warumatebeli miniWebis procents (TAsFR) da SeerTebis gawyvetebis 

procents trafikis arxSi gamoZaxebebis yofnis dros (TCDR).    

     ganxilulia xarisxis indikatoris gamoTvlis meTodebi, udidesi 

datvirTvis saaTebisaTvis (uds) da integrirebulad gansazRvrul 

drois SualedSi. naCvenebia, rom TiToeuli meTodi emsaxureba 
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sxvadasxva miznebs. Tu uds-Si gamoTvlili xarisxis maCvenebeli 

saSualebas gvaZlevs vimsjeloT qselSi yvelaze cud situaciaze, 

qselis erTi kviris intervalSi (trafikis profilis gameorebis 

minimaluri dro) integrirebuli Sefaseba warmodgenas iZleva 

qselis ganviTarebis tendenciaze, am dros gamoiricxeba trafikis 

myisierad mateba (mag. sadResaswaulo RonisZiebebis Catareba).     

   Catarda analizi da mieca Sefaseba im  opciaTa gamoyenebis 

efeqturobas, romelic saSualebas iZleva gazardos mobiluri 

qselis tevadoba, aseve ganisazRvra praqtikuli gamoyenebis 

rekomendaciebi, ganxilul xarisxis maCveneblebze gavlenis 

mosaxdenad. naCvenebia, rom trafikis da marTvis arxebis 

warumateblad miniWebis procentis Sesamcireblad, qselis 

resursebis ukmarisobis dros, yvelaze efeqturia naxevar 

sixSiruli kodireba, rac praqtikulad saSualebas iZleva 

gaizardos qselis tevadoba orjer (amasTan unda iqnes 

gaTvaliswinebuli qvemoT moyvanili SezRudva). aseve xarisxis 

aRniSnul maCvenebelze dadebiTad moqmedebs “pirdapiri 

gadadaniSnulebis” procedura, romelic saSualebas iZleva 20-25%-

iT gaizardos mobiluri qselis tevadoba, magram am SemTxvevaSi 

aucilebelia yuradReba mieqces xarisxis im maCveneblebis 

cvlilebas, romlebic radioarxis mdgomareobas axasiaTeben, 

radganac am opciebma maTi funqcionirebis Taviseburebebis gamo 

SeiZleba uaryofiTi gavlena iqonion. interferenciuli suraTis  

gaumjobesebis TvalsazrisiT, e.i. radio arxSi problemis gamo 

trafikisa da marTvis arxebis warumatebeli miniWebis procentis 

Sesamcireblad da  trafikisa da marTvis arxebSi gamoZaxebis 

moZebnis SemTxvevaSi, SeerTebis gawyvetis procentis 

Sesamcireblad, mizanSewonilia gamoviyenoT sixSiris 

fsevdoalbaTuri gadawyoba, rac saSualebas iZleva praqtikulad 

Semcirdes TAsFR_radio – orjer da aseve mcirdeba cvladi 

gamosxiveba (saSualebas iZleva 1.5%-iT gaizardos  signalebis 

wili, romelTa mniSvneloba RXQUAL=0).   
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   Mmesame TavSi mocemulia qselis awyobis algoriTmebi GSM 

standartis qselis gamtarunarianobis gazrdisaTvis. Mmobiluri 

qselis gadatvirTulobis Semcirebis erT-erTi mTavari meTodis, 

“pirdapiri gadadaniSnulebis” proceduris magaliTze naCvenebia 

misi gavlena qselis xarisxis iseT maCvenebelze, rogorebicaa, 

uaris albaToba, SeerTebis pocesis gawyvetis da warumatebeli 

SeerTebis procenti. am proceduris muSaobis principidan 

gamomdinareobs, rom gamoZaxeba momsaxurebisaTvis SeiZleba 

gadaeces fiWas cudi radiopirobebiT, rac Tavis mxriv  gamoiwvevs 

SeerTebis Semdgom gaTiSvas. Aamitom mniSvnelovania moiZebnos 

kompromisi gadatvirTulobis mniSvnelobis gaumjobesebasa da 

SeerTebis gawyvetis mniSvnelobis zrdas Soris.  winaaRmdeg 

SemTxvevaSi SeiZleba miviRoT xarisxis iseTi ZiriTadi maCveneblis 

gauareseba, rogoricaa warumatebeli SeerTebis procenti. 

naCvenebia, rom uaris albaTobis gamoTvlisaTvis Teoriulad 

miRebuli formula, sadac gaTvaliswinebulia zonebis gadafarva, 

kargad korelirdeba praqtikul mniSvnelobebTan, romlebic miiReba 

im fiWebidan, sadac gaaqtiurebulia “pirdapiri gadadaniSnulebis” 

procedura, da rac saSualebas iZleva 25%-iT gaizardos fiWis 

tevadoba. ramdenaTac, miRebul formulaSi parametri, romelic 

r=rkavS./rfiWa gansazRvravs, logikurad Seesabameba Signal_levmin da 

pasuxs agebs “pirdapiri gadadaniSnulebis” muSaobaze, 

eqsperimentuli monacemebis aproksimaciiT miRebulia analitikuri 

gamosaxuleba uaris miRebis albaTobasa da signalis zRvrul 

donis nawils Soris. Aanalogiurad iqna miRebuli analitikuri 

damokidebuleba, romelic saSualebas iZleva gamovTvaloT 

SeerTebis wyvetis procenti, signalis nawilTan damokidebulebaSi 

zRvrul dones qveviT.   A 

    amrigad, davamtkiceT ra aRmoCenili regresiis Catarebuli 

Sefasebis mniSvneloba, dasabuTebul iqna formula, romlis 

saSualebiTac SeiZleba moiZebnos zRvrul dones qveviT signalis 

nawilis procenti. naCvenebia, rom Tu miviRebT warumatebeli 

SeerTebis aucilebel doned 2%-s, maSin dasaSvebia zRvrul dones 
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qveviT signali iyos 15 %. aqedan gamomdinare, aucilebelia 

“pirdapiri gadadaniSnulebis” procedurebis awyobisas Sesabamisad 

avirCioT logikuri parametrebis mniSvnelobebi.    

    Gganxilulia GPRS teqnologiis gamoyenebisas,  mobiluri 

operatorebisaTvis yvelaze aqtualuri, GSM standartis qselis 

gamtarunarianobis gazrdis mizniT, salaparako da monacemTa  

trafikebs Soris qselis resursebis gadanawilebis sakiTxi. 

aparaturis rigi momwodeblebis mier SemoTavazebuli qselis 

resursebis dinamiuri marTvis meTodebis safuZvelze, 

SemoTavazebulia da dasabuTebulia algoriTmi, romelic 

saSualebas iZleva radiointerfeisis resurs maqsimalurad 

efeqturad iqnes gamoyenebuli da daakmayofilos salaparako 

trafikis xarisxobrivi maCveneblis normativebi. amasTan miiRweva 

paketuri trafikis xarisxis rac SeiZleba kargi maCvenebeli. fiWis 

gamarTvisas damuSavebulia logikuri parametrebis mniSvnelobebi, 

Tanac gaTvaliswinebulia fiWaSi arsebuli transiverebis 

raodenoba.  

    naCvenebia, rom sawyisi awyobisaTvis didi salaparako trafikis 

drosac ki, mizanSewonilia davayenoT parametri 

MAX_PDCH_HIGH_TRAFFIC=1, radganac salaparako trafikze 

minimaluri zemoqmedebis dros aseTi mniSvneloba uzrunvelyofs 

GPRS xarisxis maCveneblis misaReb mniSvnelobas. 

MAX_PDCH_HIGH_TRAFFIC=0 mniSvnelobis dayeneba, HIGH_TRAFFIC 

parametris mniSvnelobis gazrda da fiWis datvirTvis Sefasebis 

drois Semcireba, TRF-is daniSvnis situacias uku mimarTulebiT ki 

aumjobesebs, magram maRali rCeba am xarisxobrivi indikatoris 

mniSvneloba. GPRS-isaTvis resursis ufro efeqturad gamoyenebis 

mizniT, fiWis gazrdili datvirTvis pirobebSi, mizanSewonilia 

davayenoT fiWis datvirTvis maRali barieri, e.i. HIGH_TRAFFIC 

niSvnelobis dayenebisas visargebloT naCvenebi rekomendaciiT.     

    damuSavebuli algoriTmebi SeiZleba gamoyenebul iqnas qselis  

marTvis centridan xeliT awyobis dros. magram gansakuTrebul 

interess meore Taobis mobiluri qselebisaTvis warmoadgens axali 
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opciebis damuSaveba, romlebic saSualebas iZlevian mimdinare 

situaciidan damokidebulebiT da datvirTvis zrdis dros, 

avtomaturad gadaewyos logikuri parametrebi, raTa qselis 

arsebuli resursi ufro efeqturad iqnes gamoyenebuli. aRniSnulis 

realizaciisaTvis aucilebelia ganisazRvros maTematikuri 

modelis parametrebi GSM standartis qselebSi datvirTvis zrdis 

prognozirebisaTvis.  

 meoTxe TavSi aRwerilia maTematikuri modeli, romelic 

gamoiyeneba gadatvirTulobebis winaswarmetyvelebis algoriTmebis 

dasamuSaveblad. Teoriuli daskvnebisaTvis gamoiyeneba erlangis 

modeli, romelic varaudobs, rom SekveTebis Semomavali nakadi 

aRiwereba puasonis kanoniT da momsaxurebis dro  1/  TiToeuli 

SekveTisaTvis eqvemdebareba eqsponencialur ganawilebas. amasTan 

Semomavali nakadis intensivoba fiWaSi abonentebis raodenobis 

proporciulia. GSM  standartis qselebSi abonentTa 

adgilmdebareobis gansazRvris ganxiluli Tavisebururobebis 

gaTvaliswinebiT, rodesac abonentTa gadaadgileba SeiZleba 

Sefasdes Semomavali da gamavali hendoverebis (h0 da h0  

Sesabamisad) intensivobis safuZvelze, aseve Tu miviRebT 

mxedvelobaSi statistikis Segrovebis Taviseburebebs, naCvenebia, 

rom gadatvirTuloba, romelic gamowveulia abonentebis mier 

sistemaSi arsebuli yvela resursis dakavebiT, calsaxad 

dakavSirebulia mobilurobis parametrebis Tanafardobaze  h0/h0. 

aqedan gamomdinare, am parametrebis Sesabamisi formireba 

saSualebas mogvcems viwinaswarmetyveloT radiointrfeisze 

gadatvirTulobis warmoqmna.     G 

   ganxilul iqna mobilurobis parametrebis intensivobis 

cvalebadobis ZiriTadi saxeebi. Semomavali hendoverebis 

SemTxvevaSi, es aris  h0 -intensivobis naxtomisebri cvalebadoba, 

romelic Seesabameba umartives SemTxvevas, rodesac Semomavali 

hendoverebis intensivoba icvleba naxtomiseburad da meore - 

intensivobis cvalebadobis xazuri kanoni – fiWaSi Semavali 

hendoverebis nakadisaTvis aRiwereba xazuri kanoniT. pirveli 
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SemTxveva Seesabameba realur situacias, rogoricaa masobrivi 

RonisZiebis damTavreba da abonentTa ZiriTadi masis moZraoba erTi 

mimarTulebiT (metros sadguri, avtobusis gaCereba da a.S.), erT-

erTi bazuri sadguris gauTvaliswinebeli dazianeba, sahaero an 

matareblis reisis moulodneli gadadeba da a.S.. meore SemTxvevas 

SeiZleba mivakuTvnoT dilis da saRamos saaTebSi gzebze 

“sacobebis” warmoqmna, gansazRvrul dros damxvdurebis Tavmoyra 

aeroportebSi an rkinigzis sadgurebSi. gamavali hendoverebis 

intensivobis cvalebadoba aseve xdeba naxtomiseburad ori kanoniT 

e.i. Semomavali hendoveris analogiurad, magaliTad romelime 

masobrivi RonisZiebis damTavrebis da abonentebis fiWidan Semdgomi 

gasvliT, “sacobebis” warmoqmniT da a.S. da intensivobis cvlilebis 

ukuproporciuli kanoniT, “sacobis” TandaTanobiTi “gawovisas”, 

universitetSi mecadineobis damTavrebis da studentTa metrosken 

moZraobisas da a.S..     

    GSM standartis realur qselebSi gamosayeneblad  Teoriuli 

daskvnebis safuZvelze gansazRvrul iqna Semomavali da gamavali 

hendoverebis intensivobis cvalebadobis aRmoCenis algoriTmis 

parametrebi. naCvenebia, rom h0 parametris mniSvneloba qalaqis 

pirobebSi icvleba 5-15 ab./wm-Si, e.i. fiWa emsaxureba daaxloebiT 

8400-8500 abonents. Tu davuSvebT, rom h0=10ab/wm-Si da 

gaviTvaliswinebT, rom miRebuli Sedegebi warmadgenen Semomavali 

da gamavali hendoverebis moTxovnis minimalur mniSvnelobas, 

miiReba, rom hendoveris intensivobis cvlilebis gadawyvetilebis 

miRebaze aucilebeli dayovneba Seadgens 100-300wm-s. aRniSnuli dro 

3-4-jer naklebia im droze ra droSic warmoiqmneba realurad 

SesamCnevi gadatvirTuloba, iseTi situaciebis dros rogoricaa 

“sacobebi”, avaria da a.S.. amrigad damtkicebulia, rom amocnobis 

ganxiluli algoriTmebi, SeiZleba gamoyenebuli iqnas GSM 

standartis mobilur qselebSi hendoverebis intensivobis 

Sesafaseblad, SemdgomSi gadatvirTulobis winaswarmetyvelebis 

algoriTmebSi gamoyenebis mizniT. naCvenebia, rom fiWaSi abonentTa 
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raodenoba, romlebic axdenen gamoZaxebis inicirebas minimum 1.5-2.5-

jer metia vidre Semomavali hendoverebi.     

    SemoTavazebulia gadatvirTulobis winaswarmetyvelebis 

algoriTmebi, rogorc hendoveris intensivobis naxtomiserurad 

aseve xazuri kanoniT cvalebadobis dros. abonentTa mobiluroba 

fiWaSi qmnis datvirTvis cvalebadobis process sakmaod rTuls da 

safexurebrivs. SeiZleba gamovyoT ori etapi. Ppirvel etapze xdeba 

modelis im parametrebis cvlileba, romlebic aRweren Semomavali 

da gamavali hendoverebis intensivobas. Mmeore etapze, am 

parametrebis cvalebadobidan gamomdinare, warmoiqmneba 

gardamavali procesi, romelic aRwers fiWaSi aqtiuri abonentebis 

axal raodenobas. Gganxiluli da damtkicebulia orive etapis 

gamoyenebis aucilebloba.     

   naCvenebia, rom Semomavali hendoverebis nakadis intensivobis  

20%-iT gazrdisas, analizis intervalma unda Seadginos 100-500wm. 

praqtikaSi, gadatvirTulobis winaswarmetyveleba gansakuTrebiT 

aqtualuria im fiWebisaTvis, romlebic emsaxurebian zonebs 

abonentTa didi aqtiurobiT. aseT SemTxvevaSi, rogorc wesi 

salaparako trafikis momsaxorebisaTvis gamoiyeneba 40-45 fizikuri 

arxi. im  SemTxvevaSi, Tu saSualo datvirTva TiToeul abonentze 

Seadgens 7merl. (milierlangi), fiWis momsaxurebadi abonentebis 

raodenoba (30%-iani rezervis gavaliswinebiT), meryeobs 5000-is 

farglebSi. Ppraqtikuli  Sedegebidan gamomdinare maRal 

intensivobad iTvleba h0=15ab./wm-Si. Aaqedan moiZebna Sefasebis 

mniSvneloba h0=1/500wm. gardamavali procesi eqvemdebareba 

eqsponencialur kanons mudmivi droiT 1/h0, romlis minimaluri 

mniSvneloba Seadgens 500wm., rac daaxloebiT 1.7-5 jer metia im 

droze rac aucilebelia hendoverSi Semomavali nakadis 

damajerebeli Sefasebis formirebisaTvis.   

 daskvnaSi moyvanilia naSromis ZiriTadi Sedegebi.  
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Tavi 1. mobiluri qselis tevadobis gazrdis opciaTa 

analizi 

1.1 Sesavali 

MfiWuri kavSiris aparaturis TiToeuli mwarmoebeli kompania 

mowyobilobis uSualo miwodebis garda mobiluri kavSiris 

operators periodulad awvdis ganaxlebul programul 

uzrunvelyofas gansazRvruli opciebiT, romelTa nawilis 

gamoyeneba araa aucilebeli, magram maTi gamoyeneba saSualebas 

iZleva gaaumjobesos  rigi xarisxobrivi maCvenebli. maT 

miekuTvneba opciebi, romlebic sabazo sadguris logikuri 

parametrebis gansazRvruli wesiT awyobisas, zrdian mobiluri 

qselis tevadobas. Aam TavSi moyvanilia aseTi opciebi da maTi 

analizi. ucilebelia aRiniSnos, rom ganxiluli opciebi gvxvdeba 

mobiluri mowyobilobis umravlesi mwarmoebeli kompaniis 

programul uzrunvelyofaSi, gansxvavebaa mxolod dasaxelebaSi, 

amitom qvemoT moyvanili masala ar aris damokidebuli aparaturis 

tipze da SeiZleba miviCnioT zogad aRwerad. 

 

1.2 arsebul opciaTa klasifikacia da analizi 

     opciebis, romlebic saSualebas iZlevian gaizardos mobiluri 

qselis tevadoba, ZiriTad amocanas warmoadgens, arsebuli 

resursis rac SeiZleba meti abonentisTvis miwodeba, amasTan 

damatebiTi aparaturis (umartives SemTxvevaSi – transiveri) 

gamoyenebis gareSe, SenarCunebuli unda iqnes xarisxis mocemuli 

maCvenebeli. am amocanis gadawyveta sxvadasxvagvarad xdeba. Ees 

damokidebulia imaze, Tu ra warmoadgens ZiriTad ganmsazRvrel 

negatiur faqtors, romelic gavlenas axdens mobiluri qselis 

xarisxobriv integralur maCvenebelze.  

   zogadad, nebismieri mobiluri qselisaTvis yvelaze 

gavrcelebuli problema sabazo sadguris qvesistemisaTvis 

SeiZleba or saxeobad daiyos [75]: 
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    1. sabazo sadgurs ar yofnis resursi, rasac momsaxurebis dros 

mivyavarT uarebis did raodenobasTan an sxva sityvebiT, qselis 

gadatvirTulobasTan; 

    2. radio problemebi, am SemTxvevaSi raime mizezis gamo 

radioarxebis mdgomareoba aradamakmayofilebelia (interferencia, 

gareSe xelSeslebi da sxva). 

     imis da mixedviT ra warmoadgens ganmsazRvrel faqtors, 

opciebi, romlebic saSualebas iZlevian gazardos qselis tevadoba, 

SeZleba daiyos or jgufad: 

    1. opciebi, romlebic amcireben gadatvirTulobas, e.i. romlebic 

saSualebas iZlevian gadaaanawilos trafiki mezobel fiWebs 

Soris. maT miekuTvneba hendoverebis gansazRvruli saxeobebi, Half 

Rate reJimis da qselis ierarqiuli struqturis gamoyeneba; 

    2. opciebi, romlebic qselSi saSualod amcireben 

interferencias. rasac SeiZleba mivakuTvnoT sixSiris fsevdo 

albaTuri gadawyoba, simZlavris regulireba da cvladi   

gamosxiveba. 

    WeSmaritad, rogorc pirvel aseve meore SemTxvevaSi, 

gansazRvruli opciis gamoyeneba iZleva saSualebas, momsaxurebadi 

abonentebis ricxvis cvlilebis gareSe, gaumjobesdes xarisxis 

Sesabamisi maCvenebeli, an movemsaxuroT met abonents am maCveneblis 

cvlilebis gareSe. ufro detalurad ganvixiloT TiToeul jgufSi 

Semavali opciebi. 

 

1.3 hendoveri-s procedura 

    Mmobiluri kavSiris nebismieri qselis aSeneba xdeba egreT 

wodebuli fiWebis gadafarviT. rac imas niSnavs, rom erTi fiWis 

momsaxurebad seqtoris zonaSi arsebobs signali sakmarisi doniT, 

raTa memsaxuros mezobeli sxva fiWis abonents. Qqselis aseTi 

ageba saSualebas iZleva abonentis (mobiluri terminalis mt) 

momsaxureba erTi sabazo sadguridan gadaeces sxva sabazo sadgurs 

maTi sivrceSi gadaadgilebisas (nax.1.1). ganmarteba hendoveri 

Seesabameba mobiluri terminalis muSaobis aqtiur reJims e.i. 
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momsaxurebis gadacemas saubris dros. naTelia. rom sistema 

Tvalyurs adevnebs abonentis gadaadgilebas lodinis reJimis 

drosac, magram es procedura ufro martivia da gansxvavdeba 

hendoverisagan [61,71].    hendoveris procesSi monawileobas iReben 

qselis Semdegi kvanZebi: mobiluri terminali, sabazo sadguri, 

kontroleri da im SemTxvevaSi Tu hendoveri xdeba sabazo 

sadgurebs Soris, romlebic miekuTvnebian sxvadasxva kontrolers, 

komutatori. [78].   

 

  zogadad ganvixiloT yvelaze martivi e.w. kontrolers SigniTa 

hendoveri, e.i. hendoveri erTi kontroleris sabazo sadgurebs 

Soris. mobiluri terminali marTvis specialur arxSi SACCH(Slow 

Associated Control Channel) yovel 480mlwm-Si gadascems momsaxurebad 

sabazo sadgurSi gansazRvruli formatis Setyobinebas 

(Measurement report) am sabazo sadguridan signalis donisa da 

xarisxis Sesaxeb, aseve 6 (eqvsi) mezobeli sabazo sadguridan 

signalis donis Sesaxeb, e.i. ambonen, rom arsebobs informacia 

signalis donis Sesaxeb ”xazze qveviT”, an pirdapiri  

mimarTulebiT (sabazo sadguridan mobiluri terminalisaken). 

signalis xarisxis Sesaxeb informacia, romelic gaTvlilia bituri 

Secdomebis safuZvelze  (BER), SeiZleba miviRoT mxolod 

momsaxurebadi sabazo sadgurisaTvis. xarisxi fasdeba fardobiT 

erTeulebSi – 0-dan (saukeTeso xarisxi 7-mde (yvelaze cudi). Aam 
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erTeulebis da BER-is damokidebuleba moyvanilia cxril 1.1 -Si 

[35,73].   

                                                 cxrili 1.1  

signalis xarisxis 
maCvenebeli 

BER-is mniSvneloba 

0 <0.2 
1 0.2-0.4 
2 0.4-0.8 
3 0.8-1.6 
4 1.6-3.2 
5 3.2-6.4 
6 6.4-12.8 
7 <12.8 

 
    Semdeg, sabazo sadguri zomavs mobiluri terminalidan 

signals (e.i. „xazze zeviT”, uku mimarTulebiT), mas daumatebs 

mobiluri terminalidan miRebul signals da am informacias 

gadascems kontrolers, romelic marTavs hendoveris process.      

     gazomvis mniSvnelobebis miRebis da zRvrul mniSvnelobebTan, 

romlebic dgindeba individualurad TviToeuli sabazo sadgurisa 

da kontrolerisaTvis, Sedarebis Semdeg kontroleri iRebs 

gadawyvetilebas hendoveris mizanSewonilobis Sesaxeb. Tu 

gadawyvetileba dadebiTia, maSin kontroleri gadascems ra 

Setyobinebas CAM (Channel Activation message - arxis aqtivizaciis 

Setyobineba), aZlevs brZanebas   „axal” sabazo sadgurs salaparako 

arxis (TCH) gamoyofis Sesaxeb.  rogorc ki am sabazo sadguridan 

mova dasturi salaparako arxis gamoyofis Sesaxeb CAAM (Channel 

Activation Acknowledge message- arxis aqtivizaciis aRiarebis 

Setyobineba), konventori Zveli sabazo sadguris gavliT gascems 

hendoveris brZanebas HC (Handover Command), riTac mobilur 

terminals acnobebs axal sixSires, taim-slotis nomers da 

simZlavris mniSvnelobas, romelzec mobilurma terminmalma unda 

imuSaos (aRniSnuli damokidebulia simZlavris regulirebis 

proceduraze, romelsac qvemoT ganvixilavT). SemdgomSi mobiluri 

sadguri aewyoba axal sixSireze da specialuri marTvis arxis 

saSualebiT –FACCH (Fast Associated Control Channel) agzavnis “axal” 

sabazo sadgurze Setyobinebas Handover Access message.  „axali” 
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sabazo sadguri aRniSnuli Setyobinebis miRebis Semdeg 

informacias gadascems kontrolers proceduris Sesrulebis 

Sesaxeb, agzavnis ra HO detection message brZanebas. Mmobiluri 

terminalidan warmatebuli hendoveris signalis miRebis Semdeg 

HCM (Handover Complete Message) kontroleri atyobinebs “Zvel” 

sabazo sadgurs salaparako arxis deaqtivizaciis aucileblobis 

Sesaxeb. Uufro dawvrilebiTi informacia qselis yvela kvanZebs 

Soris sasignalo formatis da informaciis miTiTebiT SeiZleba 

naxoT [31]    literaturaSi.  

     zogadad hendoveris mTliani procedura SeiZleba davyoT 

Semdeg nawilebad:  

    1. gazomvis Catareba (monawileobas iRebs rogorc mobiluri 

terminali aseve sabazo sadguri); 

    2. gazomvis Sedegebis damuSaveba (miRebuli mniSvnelobebis 

gasaSualeba kontroleris mier). Hhendoverze gadawyvetilebis 

miReba xdeba ara erTjeradi gazomves Semdeg, aramed maTi 

gasaSualebis safuZvelze, riTac miiRweva mravalricxovani 

hendoverebis Tavidan acileba signalis gadacemis mkveTrad 

cvalebadi garemos gamo, magaliTad swrafi mileva. 

       3. gadawyvetileba hendoveris aucileblobis Sesaxeb. xdeba 

gazomvebis damuSavebuli (gasaSualebuli) mniSvnelobebis Sedareba 

gansazRvrul (zRvrul) mniSvnelobebTan, romlebic SeiZleba 

Seicvalos marTvis da momsaxurebis centridan. swored am etapze 

miiReba gadawyvetileba hendoveris aucileblobis Sesaxeb.  Tu 

gadawyvetileba dadebiTia iwyeba Semdegi etapi – yvelaze misaRebi 

mezobeli sabazo sadguris Zebna anu mezobeli sabazo sadgurebis 

ranJireba. 

   4. mezobeli sabazo sadgurebis ranJireba. Aam  etapze, Semavali 

hendoverisaTvis yvelaze ukeTesi sabazo sadguris dadgenis mizniT, 

xdeba mezobeli sabazo sadgurebis ranJireba. Ees procesi sakmaod 

rTulia da maTi aRwera gansazRvrulia mwarmoebeli kompaniebis 

mier, rogorc komfidencialuri informacia. Aamitom masze 

dawvrilebiT ar SevCerdebiT. avRniSnavT mxolod, rom 
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mxedvelobaSi miiReba mravali faqtori – mezobeli sabazo 

sadgurebis signalebis doneebi, maTi datvirTvis xarisxi, 

prioritetebi da a.S., mimdinareobs daskvniTi etapi – hendoveris 

Sesruleba. 

   vaCvenoT gazomvebiT miRebuli Sedegebis gasaSualebis 

aucilebloba. davuSvaT mobiluri terminalidan sabazo sadgurs 

gadaecema signali Semdegi doneebiT (cxrili 1.2)    

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
sign-
alis 
done 
(dbm) 

 

-90 

 

-88 

 

-94 

 

-97 

 

-90 

 

-85 

 

-87 

 

-104 

 

-89 

 

-87 

 

-88 

 

-94 

 

-99 

 

-100 

 

-101 

 exla ganvixiloT mniSvnelobebi „mcocavi” gasaSualebis fanjriT 

8, 4 da 2, miviRebT  cxril 1.3-s.   

 cxrili 1.3M  

 

meti TvalsaCinoebisaTvis  warmodgenili cxrilebi warmovadginoT 

grafikis saxiT (nax.1.2).  

 

nax. 1.2 „mcocavi” gasaSualebis procesi  
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      davuSvaT rom hendoveri sruldeba, Tu signalis done 

naklebia -95dbm-ze. maSin Tu avirCevT gasaSualebis fanjaras 4 an 8 

tolad, Cven SeiZleba gamovricxoT 4 zedmeti hendoveri im 

SemTxvevaSi Tu gasaSualebis fanjara iqneboda 2-is toli an Tu 

saerTod ar gveqneboda gasaSualeba. Aamrigad gasaSualebis 

fanjris arCeva warmoadgens sakmaod rTul amocanas, romelic 

moiTxovs situaciis dawvrilebiT analizs da kompromisis moZebnas 

Zalian did (mobilurma terminalma SeiZleba ver moaswros 

hendoveri) da patara (am SemTxvevaSi izrdeba hendoverebis ricxvi) 

gasaSualebis fanjrebs Soris.    

      e.i. hendoveris procedura emsaxureba or mizans. pirveli – 

yvelaze mniSvnelobani – salaparako signalebis uwyveti gadacema 

da meore – abonentis momsaxurebis gadacema im fiWaze, romelsac am 

momentSi gaaCnia saukeTeso pirobebi, signalis donis an datvirTvis 

mixedviT. aqedan gamomdinare arsebobs hendoveris ori tipi: 

saswrafo  hendoveri da ukeTes fiWaSi hendoveri [14, 16, 73]. 

dawvrilebiT ganvixiloT TiToeuli maTgani. 

    yvelaze xSir da mniSvnelovan saswrafo hendoverebs 

miekuTvnebian hendoverebi, romlebic warmoiqmnebian Semdegi mizezis 

dros: 

1. signalis mcire done rogorc pirdapiri aseve uku mimarTulebiT. 

aRniSnuli tipis hendoveris sworad awyoba gvaZlevs saSualebas  

Tavidan aviciloT situacia, rodesac Zalian didia interferenciis 

done da ukve mniSvnelovania signalis Sesusteba (mileva) da 

signalis donis umniSvnelo Semcirebac (milevac) ki gamoiwvevs 

kavSiris gawyvetas. 

2. signalis cudi xarisxi rogorc pirdapiri aseve uku 

mimarTulebiT. am tipis hendoveri saSualebas gvaZlevs Tavidan 

aviciloT signalis xarisxis gauareseba jer kidev sakmarisi donis 

pirobebSi. 

3. interferencia rogorc pirdapiri aseve uku mimarTulebiT. es 

hendoveri warmoiqmneba im SemTxvevaSi, rodesac signals gaaCnia 

kargi done da cudi xarisxi, rac gviCvenebs xelSeSlebis 
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arsebobas. Aam SemTxvevaSi warmoiqmneba e.w. SidafiWuri hendoveri, 

e.i. mobiluri terminalis momsaxureba gadaecema igive fiWis sxva 

transivers (Tu fiWas gaaCnia ramodenime transiveri). 

4. Zalian didia manZili sabazo sadgursa da mobilur terminals 

Soris. es hendoveri gvexmareba Tavidan aviciloT situacia, 

rodesac raime mizezis gamo da drois raRac SualedSi, 

gansazRvrul adgilas warmoqmnili situacia iseTia, rom Soreuli 

sabazo sadguridan signalis done ukeTesia vidre uaxloesi sabazo 

sadguridan. naTelia, rom drois raRac Sualedis Semdeg, situacia 

SeiZleba mkveTrad gauaresdes, am dros mobiluri terminali 

ubralod ver moaswrebs hendoveris Sesrulebas da SeerTeba 

gawydeba. 

    ukeTess fiWaSi hendoveris ZiriTad mizezs warmoadgens: 

1. signalis done mezobeli sabazo sadguridan ufro didia vidre 

signalis done momsaxurebadi sabazo sadguridan. Aam SemTxvevaSi 

mobiluri terminalis momsaxurebis gadacemam SieZleba 

gaaumjobesos situacia qselSi interferenciis TvalsazrisiT, 

radganac mobiluri terminali gaasxivebs signals naklebi 

simZlavriT, amasTan SenarCunebuli iqneba salaparako signalis 

xarisxis moTxovnili done. am tipis hendoveri damuSavda imisaTvis, 

rom qselis optimizaciis zogadi principidan gamomdinare, 

moexdinaT interferenciis minimizacia, e.i. mobilurma terminalma 

unda imuSaos im sabazo sadgurTan, romelic uzrunvelyofs 

gamosxivebis donis SesaZlo minimalur mniSvnelobas, salaparako 

signalis sakmarisi (damakmayofilebeli) xarisxis dros.  

2. momsaxurebadi fiWis datvirTva didia, xolo mezobeli fiWis ki 

mcire, e.i. Cven xelovnurad vamcirebT maRali datvirTvis fiWis 

momsaxurebis zonas. didi mniSvneloba ara aqvs am tipis 

hendoverebis daSvebas erT transiverian fiWebis SemTxvevaSi, 

radgan arsebuli resursi ubralod ar iyofa Semomavali 

hendoverebis momsaxurebas. amis garda,rogorc wesi, aseTi fiWis 

datvirTva TiTqmis arasodes araa mcire.  
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3. 1800 mhc-ian fiWaSi signals gaaCnia sakmao done. Hhendoveris es 

specifiuri tipi gamoiyeneba mxolod or sixSirian mobilur 

qselebSi. Ee.i. rodesac arseboben fiWebi 900 da 1800 megaherc  (1710-

1785 mhc. da 1805-1880mhc) diapazoniani gadamcemebiT. ufro 

dawvrilebiT aRniSnuli hendoveri SemdgobSi iqneba ganxiluli. 

     nax. 1.3-ze sqematurad naCvenebia hendoveris tipis gansazRvris 

procedura. miRebulia Semdegi aRniSvnebi: RXxx_zz – signalis 

donis gazomili gasaSualebuli mniSvnelobaa (xx=LEV/xarisxze 

(xx=QUAI) pirdapir (zz=DL)/uku (zz-UL) mimarTulebebSi, y_RXxx_zz_nH 

– qveda (y=L0)/zeda (y-U) zRvaria donis mixedviT (xx=LEV/xarisxze 

(xx=QUAL) pirdapir(zz=DL)/uku (zz=UL) mimarTulebaSi, Tu n=1, maSin 

es zRvari gamoiyeneba interferenciiT gamowveuli hendoveris 

gansasazRvrad; delta – aris zRvari, hendoverisTvis saukeTeso 

fiWaSi [8, 12]. 

   idealur SemTxvevaSi mobilur qselebSi unda arsebobdes 

hendoverebi saukeTeso fiWebSi. praqtikaSi es ase ar aris. 

TiToeuli tipis hendoveris wili damokidebulia qselis 

konkretul situaciaze da SeiZleba Zalian mkveTrad icvlebodes 

qselis ganviTarebis procesSi. 

    „Cveulebrivi” sxvadasxva (e.i. erTi fiWis arxis trafikidan sxva 

fiWis arxis trafikze mobiluri terminalis momsaxurebis gadacema) 

tipis hendiverebis garda arsebobs kidev erTi saxis hendoveri, mas 

uwodeben “pirdapiri gadadaniSnulebis” proceduras [52]. 

     am SemTxvevaSi marTvis arxi (SDCCH) moiniSneba (dakavdeba) 

erT fiWaSi (romelsac trafikis arxSi aqvs gadatvirTuloba), 

xolo trafikis arxi (TCH) naklebad datvirTul mezobel fiWaSi, 

im pirobiT, rom mobiluri terminali imyofeba am ori fiWis 

gadafarvis zonaSi da am fiWis signalis done sakmarosia mobiluri 

terminalis momsaxurebisaTvis (ix. nax. 1.4)  
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Nnax. 1.4 “pirdapirigadadaniSnuleba” 
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arsebobs “pirdapiri gadadaniSnulebis” ori tipi:  

1. “pirdapiri gadadaniSnuleba” hendoveris mizeziT, e.i. rodesac 

SDCCH arxSi gamoZaxebis arsebobis momentSi sruldeba romelime 

tipis hendoveris pirobebi da kontroleri gascems brZanebas 

trafikis arxis daniSvnis Sesaxeb mezobel fiWaSi;  

2. “iZulebiTi gadadaniSnuleba”. Aam SemTxvevaSi trafikis arxis 

gamoyofa xdeba momentalurad Tu arsebobs sakmao raodenobis 

trafikis Tavisufali arxi, sakmarisi doniT, e.i. sakmarisia 

erTdroulad Sesruldes ori piroba:  

      Nb_free-TCH(n)meas> Nb_free-TCH(n)set,                                   (1.1) 

   sadac 

   Nb_free-TCH(n)meas – mezobel fiWaSi trafikis Tavisufali arxebis 

raodenobaa (fasdeba sistemis mier),  

   Nb_free-TCH(n)set  - trafikis arxebis is minimaluri ricxvia, 

romlebic unda iyvnen Tavisufali mezobel fiWaSi (dgindeba 

operatoris mier), raTa Sesruldes “pirdapiri gadadaniSnuleba”. 

           Av_signal_lev>Signal_levmin ,                                                   (1.2)  

   sadac  

  Av_signal_lev – mezobel fiWaSi signalis saSualo donea 

(gamoiTvleba sistemis mier),  

  Signal_levmin – signalis minimaluri donea, romelic unda iyos 

mezobel fiWaSi, raTa moxdes “pirdapiri gadadaniSnuleba” 

(dgindeba operatoris mier) [68,70]. 

   sityva “iZulebiTi” niSnavs imas, rom hendoverisTvis wina piroba 

ar arsebobs, magram imisaTvis rom moxdes gamoZaxebis momsaxureba, 

sxva fiWaSi gamoiyofa trafikis arxi, sadac pirobebi signalis 

donis mixedviT SeiZleba iyos ufro cudi (umravles SemTxvevaSi 

swored ase xdeba).  

   TvalsaCinoebisaTvis nax. 1.5-ze naCvenebia fiWuri kavSiris 

qselebSi gamoyenebuli hendoveris saxeobebi. ganxiluli hendoveris 

tipebi yvelaze gavrcelebulni arian da gamoiyeneba mSenebare da 

ganviTarebad mobilur qselebSi. mobiluriQqselis ganviTarebasTan 

erTad pirvel rigze gamodis  aramarto dafarvis gaumjobeseba 
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aramed momsaxurebis xarisxis gaumjobesaebac. aRniSnuli 

sakiTxebis gadaWris meTods warmoadgens qselis ierarqiuli 

struqturis gamoyeneba. 

 

 

1.4 hendoveri-s procedura ierarqiuli struqturis qselebSi 

    ierarqiul mobilur qselebSi mkacradaa gansazRvruli ori 

tipis fiWis arseboba mikri fiWa (dafarvis zona radiusiT 

ramodenime aseuli metri) da makro fiWa (dafarvis zona radiusiT 

ramodenime kilometri) [26,48].  amasTan erTad fiWis tipi 

ganisazRvreba ara marto misi fizikuri parametrebiT, momsaxurebis 

zonis radiusidan gamomdinare, aramed Sesabamisad awyobili 

logikuri parametrebiTac. Mmikro da makro fiWebis gamoyeneba 

mizanSewonilia optimizaciis procesis dros e.i. ukve ganviTarebul 

mobilur qselSi, kargi dafarviT, amasTan erTad alag-alag mWidro 

trafikiT. Mmikro fiWebis gamoyeneba saSualebas iZleva ufro 

xSirad gavimeoroT sixSireebis gamoyeneba, rac imas niSnavs, rom 

gavzardoT speqtraluri efeqturoba, radganac mezobeli mikri 

fiWebi, romlebic iyeneben erT sixSires minimum erTi makro 

fiWiTaa gamoyofili. mikro fiWis ZiriTad amocanas warmoadgens e.w. 

„neli”, e.i. mcire siCqariT moZravi, abonentebis momsaxureba, mag. 

fexiT misiarule abonentebi. Sesabamisad makro fiWebi 
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uzrunvelyofen uwyvet dafarvas da emsaxurebian „swraf” 

abonentebs, mag. Aavtomobilebi (ix.Nnax. 1.6), aseve gamoiyenebian 

mikro fiWebi eqstremaluri hendoveris dros da maTi resursi 

SeiZleba dagvWirdes mikro fiWebis gadatvirTulobis SemTxvevaSi. 

magaliTisaTvis SeiZleba miviyvanoT qalaqis centraluri quCa 

maRaziebis da restornebis didi ricxviT da sxva. Aam SemTxvevaSi 

moZravi avtomobilebis momsaxureba moxdeba makro fiWebiT, rac 

saSualebas mogvcems Tavidan aviciloT ara saWiro  hendoverebi, 

rac imas niSnavs, rom ar daitvirTeba sistemis signalizacia da ar 

gauaresdeba gadasacemi salaparako signalis xarisxi, xolo fexiT 

mosiarule abonentebis momsaxureba moxdeba – mikro fiWebiT. 

saerTo hendoverebis garda, romelTa gamomwvevi mizezebi 

moyvanilia 1.2 paragrafSi, ierarqiuli struqturis mobilur 

qselebSi gamoiyeneba hendoveris specialuri gansakuTrebuli tipi, 

romelic Seesabameba mxolod aseT mobilur qselebs da 

dafuZnebulia moZravi abonentebis siCqaris Sefasebaze.  

   sistemis mier imis gansazRvra, romeli abonentia „swrafi” da 

momsaxureba unda ganaxorcielos makro fiWam, da „neli”, romlis 

momsaxureba Seasrulos mikro fiWam, arc Tu ise martivia, rogoric 

erTi SexedviT Cans. naSromebis mTeli   rigia   miZRvnili  am  

amocanis   kvlevis   da axali meTodebis  
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damuSavebisadmi, gansakuTrebiT aRsaniSnavia  [13,15,18,44,45,47,51] 

naSromebi. unda aRiniSnos, rom siCqaris Sefasebis yvela 

meTodisaTvis safuZvels warmoadgens dopleris efeqti [3,43]. 

Semdeg, gamoiyeneben ra arsebuli informaciis damuSavebis 

sxvadasxva meTodebs, miiReben raRac Sedegs, romelsac adareben 

mocemul donesTan. magaliTisaTvis SeiZleba moviyvanoT mobiluri 

terminalis siCqaris Sefasebis meTodi romelic ganxilulia [47] 

literaturaSi. winaswar sruldeba signalis avtokorelaciuri 

funqciis gamoTvla, romlis mniSvnelobasac adareben gansazRvrul 

mniSvnelobebs, romelic miRebulia modelirebis procesSi. vinaidan  

signalis simZlavris speqtraluri simkvrive Seicavs iseTive 

informacias, rogorsac avtokotrlaciis funqcia, aseve imis 

safuZvelze, rom sixSiris dopleruli nazrdi swrafad moZravi 

obieqtebisaTvis metia, vidre nela moZravi obieqtebisaTvis, amitom 

keTdeba daSveba avtokorelaciis funqciis gaTvlis aucileblobis 

Sesaxeb, raTa Sefasebuli iqnes mobiluri terminalis moZraobis 

siCqare. praqtikaSi aseTi algoriTmi gamoyenebuli iqna kompania 

Nortel-is mier. testebis Sedegebma aCvena SemoTavazebuli 

algoriTmebis efeqturoba, rogorc aradispergirebuli aseve 

dispersiuli arxebisaTvis.  

   zemoT moyvanili magaliTi miekuTvneba SemTxvevas, rodesac 

mikro- da makrofiWebSi gamoiyeneba erTi da igive sixSire, mag. 

900mhc. Aaseve SesaZlebelia ordiapazoniani qselis gamoyeneba – 

qseli sadac muSaoben transiverebi or sxvadasxva sixSirul 

diapazonSi, mag. 900mhc da 1800mhc. Mmiuxedavad imisa, rom 

logikurad ordiapazoniani fiWebi SeiZleba ar iyvnen mikro- da 

makrofiWebad gansazRvrulni, magram aseTi fiWebisagan Sedgenili 

qseli, SeiZleba mivakuTvnoT ierarqiul struqturas, radganac 

aRniSnul diapazonebSi signalis gavrcelebis Taviseburebidan 

gamomdinare, 900mhc diapazonian fiWebs gaaCniaT momsaxurebis didi 

zona (warmoadgenen makrofiWas), 1800mhc-ian fiWebTan SedarebiT 

(mikrofiWa). aseTi daSvebisgan gamomdinare am ganyofilebaSi 

ganvixiloT hendoverebi or diapazonian mobilur qselebSi [4,28]. 
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    900mhc sixSirul diapazonSi sixSireebis gamoyenebis SezRudvis 

pirobebSi ordiapazoniani qselebis ageba warmoadgens 

maRalxarisxiani qselebis agebis erT-erT meTods. Ggamomdinare 

iqedan, rom sixSire 1800mhc diapazonSi ufro „sufTaa”, 

interferenciis TvalsazrisiT, aseve saqarTveloSi 900mhc-iani 

resursis SezRudulobidan gamomdinare, azri aqvs maqsimalurad 

daitvirTos fiWebi 1800mhc diapazonSi, e.i. 900mhc-iani fiWebi 

gamoviyenoT dafarvisaTvis, xolo 1800mhc-iani tevadobisaTvis. 

aqedan gamomdinare meore midgoma – 1800mhc-iani diapazoni 

ganisazRvreba prioritetulad da kontrelerze dafiqsirdeba 

gansazRvruli parametris Sesabamisi mniSvneloba. Aamrigad am 

midgomisas mniSvnelovania orive diapazonis fiWis 

TanamimarTuleba, e.i. erTi fiWis momsaxurebis zona pirobiTad 

mdebareobs meoris qveS. (sxvadasxva diapazonis antenebs 

erTidaigive azimuti gaaCniaT). 1800mhc diapazoniani fiWis 

datvirTvis ZiriTad meTods warmoadgens hendoveris specialuri 

tipi – hendoveri prioritetuli diapazonis fiWaSi. Ee.i. mobiluri 

terminali muSaobas iwyebs 900mhc diapazonian fiWaSi da Semdeg 

signalis sakmarisi donis pirobebSi akeTebs hendovers 1800mhc 

diapazonian fiWaSi (ix. Nnax. 1.7), e.i. unda Sesruldes piroba: 

       Avg_level_DCS>Threshold_Level_DCS,  

     sadac Avg_level_DCS - 1800mhc diapazinian fiWaSi signalis 

saSualo donea (izomeba sistemis mier), 

      Threshold_Level_DCS - signalis minimaluri donea, romelic 

unda iyos mezobel fiWaSi, raTa Sesruldes hendoveri (dgindeba 

operatoris mier). 

     aseTi midgomis erTaderT uaryofiT mxares warmoadgens 

hendoverebis ricxvis gazrda, rasac mivyavarT sistemis 

signalizaciis datvirTvasTan. rig SemTxvevebSi Threshold_Level_DCS 

mniSvnelobis warumatebelma arCevam SeiZleba gamoiwvios laparakis 

dros SeerTebis gawyveta, amitom gansakuTrebulad frTxilad unda 

moxdes am parametris gansazRvra.  
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nax. 1.7. ordiapazoniani qseli 

 

1.5 naxevarsiCqariani kodireba 

     realizaciis TvalsazrisiT naxevarsiCqariani kodirebis (Half 

Rate)  reJimi warmoadgens yvelaze martiv meTods, romelic 

damatebiTi transiverebis dayenebis gareSe uzrunvelyofs qselis 

tevadobis gazrdas. es reJimi iTxovs kontrolerSi da 

transiverebSi opciis mxolod logikur aqtivizacias (iguliaxmeba, 

rom transiverebi muSaoben Sesabamis reJimSi da danarCeni 

moqmedebebi aparaturis konfiguraciis Sesaxeb arsebobs).  Aam 

reJimis fizikuri arsi mdgomsareobs imaSi, rom gamoZaxebis dros 

taim-sloti iyenebs ara  yvela freims (rogorc Cveulebrivi 

kodirebis dros Full Rate) aramed freimis gamotovebiT (ix. nax. 1.8). 

xSir SemTxvevaSi aseTi warmodgenis sanacvlod iyeneben ufro 

TvalsaCinos – amboben, rom erT taim-slots iyenebs ori abonenti 

(ix. nax. 1.9).  

   idealur  SemxvevaSi naxevarsiCqariani kodireba aormagebs 

mobiluri qselis tevadobas. praqtikaSi ase araa Semdegi 

SezRudvebis gamo. Ppirveli rigSi arseboben mobiluri 

terminalebi, romlebic ver muSaoben naxevarsiCqariani kodirebiT,     

e.i. Tu Tavisufalia taim-slotebis naxevari aseTi abonentebi 

miiReben uars. Mmeores mxriv aseTi reJimis gamoyenebam SeiZleba 

gavlena iqonion mobiluri qselis sxva kvanZebze, mag. 

transkoderebi, kontrolerebi. 
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freimi 1 

taim-      taim-     taim-       taim-      taim-       taim-     taim-       taim-     

sloti 0  sloti 1 sloti 2   sloti 3  sloti 4  sloti 5 sloti 6  sloti 7  

 
FR≠1 

  
HR≠1 

 
FR≠2 

 
HR≠2 

  
FR≠3 

 
HR≠3 

 
freimi 2 

taim-      taim-      taim-      taim-       taim-      taim-     taim-      taim-     

sloti 0  sloti 1  sloti 2  sloti 3   sloti 4  sloti 5 sloti 6 sloti 7 

 
FR≠1 

   
FR≠2 

   
FR≠3 

 
HR≠3 

 
 

Nnax. 1.8 naxevarsiCqariani kodireba freimis gamotovebiT  
 
                                     

taim-       taim-       taim-       taim-      taim-     taim-      taim-    taim-   

sloti 0  sloti 1   sloti 2  sloti 3 sloti 4  sloti 5  sloti 6 sloti 7  

              
  FR≠1                     HR≠1     FR≠2     HR≠2                      FR≠3      HR≠3 

Nnax. 1.9 erT taim-slots iyenebs ori abonenti 

transiveri reJimiT Half Rate kontrolerisTvis ekvivalenturia ori 

transiveris reJimiT  Full Rate. 

         radganac erT kontrolerze transiverebis raodenoba 

SezRudulia (konfiguraciidan da momwodeblidan gamomdinare maTi 

raodenoba icvleba 200 dan 2500 mde), da rogorc wesi Tadarigi 

unda Seadgendes 30-40%, amitom kontroleris yvela fiWaSi ar 

SeiZleba gavaaqtiuroT reJimi Half Rate. amitom  Half Rate reJimis 

gaTvaliswinebiT mobiluri qselis proeqtirebisas ar unda 

vigulisxmoT tevadobis gaormageba.  praqtikaSi mizanSewonilia 

orientacia gavakeToT 20-30% trafikis wilze reJimSi Half Rate. 

     Tu  Half Rate  reJimis gamoyenebis SezRudva meore SemTxvevaSi 

ganpirobebulia mxolod aparaturiT, pirvelis gavlena SeiZleba 

minimizirebul iqnas programuli uzrunvelyofis Sesabamisi 

cvlilebiT. [19] literaturaSi ganxilulia gamoZaxebebis taim-

slotebis mixedviT dajgufebis ZiriTadi algoriTmebi, kodirebis 

gamoyenebuli reJimidan damokidebulebiT. aparaturis umravlesi 

mwarmoeblebi iyeneben aRniSnul algoriTmebs, romelTa Soris 

SeiZleba gamovyoT ori ZiriTadi midgoma:  
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1. optimaluri daniSvna: am SemTxvevaSi sistema (Tvalyurs adevnebs) 

imaxsovrebs taim-slotebis Tavisufal naxevrebs da mobiluri 

terminalidan, romelic muSaobs Half Rate reJimSi, miRebuli 

gamoZaxebis SemTxvevaSi mas daeniSneba ara mTlianad Tavisufali 

taim-sloti, romelsac SeuZlia moemsaxuros gamoZaxebas Half Rate 

reJimSi, aramed es damaxsovrebuli naxevari. arxis daniSvnis 

proceduris Semdeg araviTari moqmedeba ar mimdinareobs, imisaTvis 

rom ar warmoiqmnas e.w. “xvrelebi” (Half Rate reJimis romelime 

gamoZaxebis damTavrebisas Tavisufldeba taim-slotis mxolod 

naxevari). zogierT SemTxvevaSi aman SeiZleba gamoiwvios mobiluri 

terminalis momsaxurebaze uari, romelic muSaobs mxolod Full Rate 

reJimSi. aseTi situaciis Tavidan asacileblad gamoiyeneba meore 

midgoma. 

2. gadafuTva: misi arsi mdgomareobs SemdegSi, mas Semdeg rac 

dainiSneba (airCeva) salaparako arxi (mag. pirveli meTodis 

gamoyenebiT) sistema Tavidan icilebs “xvrelebis” warmoqmnas, 

gadaadaniSnulebs ra gamoZaxebebis taim-slotebs Half Rate  reJimSi. 

e.i. am SemTxvevaSi yvela gamoZaxebebi Half Rate  reJimSi gadaifuTeba 

iseTnairad, rom taim-slotebi, romlebSic ukve iyvnen gamoZaxebebi 

Half Rate  reJimSi, gamoyenebulni iqnan sxva gamoZaxebebisTvis igive 

reJimSi. aSkaraa, rom am proceduras mivyavarT Sida fiWuri 

hendoverebis ricxvis gazrdasTan. imisaTvis, rom SevarbiloT es 

negatiuri procesi gadafuTva SeiZleba gamoyenebuli iqnes ara 

mTeli drois ganmavlobaSi, aramed mxolod Full Rate reJimSi 

Semosuli gamoZaxebis dros. 

   amrigad,  Half Rate  reJimis gamoyeneba saSualebas gvaZlevs 

sakmaod martivad gavzardoT mobiluri qselis tevadoba 

(mowyobilobis sakmarisi resursis pirobebSi), magram arsebobs 

negatiuri momenti, uaresdeba laparakis xarisxi. Ees gamowveulia 

Sida fiWuri hendoverebis raodenobis gazrdiT, aseve sufTa 

fizikuri mosazrebiTac, radganac naxevarsiCqariani kodirebis 

dros orjer mcirdeba kodirebis siCqare. 
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    zemoTaRniSnulidan gamomdinare SeiZleba gavakeToT daskvna, 

rom Half Rate  reJimi warmoadgens mobiluri qselis 

gadatvirTulobis Semcirebis efeqtur meTods, magram mobilur 

qselSi yvelgan misi gamoyeneba zemoTganxiluli SezRudvebis gamo 

ar warmoadgens mizanSewonils. 

 

1.6 siCqaris fsevdoalbaTuri gadawyoba 

    wina paragrafebSi ganxiluli opciebi, romlebic zrdian 

mobiluri qselis tevadobas, miekuTvnebian pirvel jgufs (ix. 1.2), 

e.i. isini saSualebas iZlevian mobilur qselebSi Seamciron 

gadatvirTuloba da rogorc wesi gamoiyenebian ganviTarebad 

mobilur qselebSi, sadac resursebis arasakmarisi raodenoba 

gadamwyvet rols TamaSobs. Mmobiluri qselis ganviTarebasTan 

erTad da mSeneblobis TvalsazrisiT stabiluri situaciisas  

pirvel adgilze gamodis radioproblemebi, e.i. aucilebelia 

gadaiWras interferenciis Semcirebis amocana da gamoyenebul iqnes 

is opciebi, romlebic meore jgufs miekuTvnebian. ganvixiloT 

sixSiris fsevdoalbaTuri gadawyoba (sfag). 

    standartis [34,40] Sesabamisad yvela mobilur sadgurSi 

realizebulia  sfag-is funqcia, rac imas niSnavs, rom SezRudvebi  

misi gamoyenebisas im TvalsazrisiT, rom abonentebi ver SeZleben 

muSaobas, ar arsebobs.  sfag-is mTavari amocana mdgomareobs imaSi, 

rom uzrunvelyos sixSiruli  daSoriSoreba, rac Tavis mxriv 

saSualebas gvaZlevs efeqturad vebrZoloT xelSeSlebs da 

SerCeviT miyuCebebs  sxvadasxva sixSireze. 

    sfag-is principi mdgomareobs SemdegSi, TiToeuli mobiluri 

terminali taim-slotSi awarmoebs laparakis gadacemas im 

sixSireze, romelic ganisazRvreba fsevdoalbaTuri mimdevrobis 

generaciis algoriTmiT. sxva sixSireze gadasvla xorcieldeba  im 

drois SualedSi romelic mdebareobs erTi  TDMA (Time Division 

Multiple Access – droSi dayofili mravaljeradi SeRweva) freimis  

taim-slotis dasawyissa da mis Semdeg momavali freimis taim-

slotis dawyebas Soris. sixSiris gadawyobis dasaSvebi dro 
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daaxloebiT Seadgens 1mwm.  sfag-Si gamoyenebuli fsevdoalbaTuri 

mimdevroba erTi fiWis farglrbSi warmoadgens  orTogonalurs da 

damoukidebelia sxvadasxva fiWebidan. sfag-is realizaciisaTvis 

mobilur terminals unda gaaCndes Semdegi informacia, romelic 

gadaicema marTvis specialur arxSi BCCH (Broadcast Control Channel 

– gadacemis logikuri marTvis arxi): sfag-isaTvis sixSiruli 

nakrebi, fsevdoalbaTuri mimdevrobis nomeri, romelic gamoiyeneba 

mocemul fiWaSi da daZvris indeqsi fsevdoalbaTur mimdevrobaSi 

(im mobiluri terminalebis gancalkavebisaTvis, romlebic iyeneben 

sfag-is erTi da igive Senakrebs . arsebiTia, rom fiqsirebul 

sixSireze muSaoba (muSaobis Cveulebrivi reJimi) warmoadgens sfag-

is kerZo SemTxvevas da Sedis nebismieri mobiluri terminalis 

muSaobis algoriTmSi.  

    arsebobs sfag-is ori reJimi:  

1. BBH (Base Band Hopping – sabazo zolis gadayvana) sfag-i - 

sixSiris fsevdoalbaTuri mimdevrobis realizaciisaTvis 

gamoiyeneba ramodenime gadamcemi, romlebic muSaoben fiqsirebul 

sixSireze. arsebiTia, rom sixSireebis ricxvi SezRudulia fiWaSi 

arsebuli gadamcemebis ricxviT. miTumetes am reJims gaaCnia 

mniSvnelovani upiratesoba – SeiZleba generirdes (gasxivdes) 

sxvadasxva simZlavris fsevdoalbaTuri mimdevrobis sixSire. Ee.i. 

mocemul sixSireze arsebuli SezRudva ar gansazRvravs mTeli 

mimdevrobis maqsimalur simZlavres.  

2. SFH (Synthesizer Frequency Hopping – gadawyobis sixSiris 

sinTezatori ) sfag-i - sixSiris fsevdoalbaTuri mimdevrobis 

realizaciiaTvis gamoiyeneba erTi gadamcemi sixSiris 

sinTezatoriT. erTaderTi upiratesoba BBH sfag-isagan SedarebiT 

aris  erTi gadamcemis arseboba.  amasTan erTad, gamosxivebuli 

simZlavris maqsimaluri simZlavre ganisazRvreba im SezRudvebiT, 

romelic wayenebuli aqvs im sixSireebs, romlebic Sedian 

fsevdoalbaTur mimdevrobaSi. 

         gamoyenebuli reJimis miuxedavad sfag-is ZiriTad mizans 

warmoadgens saSualod mobilur qselSi interferenciis 
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minimizacia. Tu romelime mobilur terminalze gansazRvrul 

sixSireze moqmedebs xelSeSla, maSin standartuli reJimis dros 

masze moqmedebs xelSeSla mTeli siansis dros. sfag-is gamoyenebis 

dros ki mobiluri terminali ganicdis xelSeSlis moqmedebas 

mxolod drois garkveuli SualedSi (ix. Nnax. 1.10). amrigad 

mobiluri terminalisaTvis, romlebic ganicdian xelSeSlebis 

mniSvnelovan gavlenas, situacia umjobesdeba, xolo mobiluri sxva 

terminalebisaTvis SeiZleba gafuWdes kidec. amiT miiRweva 

interferenciuli situaciis gaumjobeseba saSualod mobilur 

qselSi. aqedan gamomdinareobs, rom am opciis gaqtiurebas calkeul 

mobilur terminalebSi azri ara aqvs.   

Mmt1 – xelSeSlis moqmedebis obieqti, romelic muSaobs f1 
sixSireze  
f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 
 
Mmt2 – xelSeSlis wyaro, romelic muSaobs f1 sixSireze  

f1 f1 f1 f1 f1 f1   f1 f1 f1 f1 f1 f1 f1 f1 f1 f1 f1  

 
mt2-is gavlena ms1-ze 

x x x x x x   x x x x x x x x x x x  
xelSeSladi slotebi           x e l S e S l a d i   s l o t e b i  
 

 
mt1 – xelSeSlis moqmedebis obieqti, romelic muSaobs f1,f2,f3 sixSireze 
sfag-iT 

f1 f2 f1 f3 f2 f3 f2 f1 f2 f3 f2 f1 f3 f2 f1 f3 f1 f3 f2 f3 
 
Mmt2 – xelSeSlis wyaro, romelic muSaobs f1,f2,f3 sixSireze sfag-iT 
f1 f3 f2 f1 f2 f1 f3 f2 f1 f2 f1 f3 f1 f2 f3 f1 f2 f3 f1 f2 

 

mt2-is gavlena ms1-ze 
x    x    x     x    x     

 
Nnax. 1.10 sfag-is procedura 

     sfag-is efeqti miiRweva im SemTxvevaSi, Tu is gamoiyeneba 

mobiluri qselis mniSvnelovan nawilSi (ara nakleb 15-20 mobiluri 

sadguri). aRniSnuli opcia mxedvelobaSi unda iqnes miRebuli 

mobiluri qselis dagegmarebis dros, rac warmoadgens  rTul 

sakiTxs da moiTxovs calke ganxilvas. avRniSnoT mxolod sfag-is 

muSaobaze gavlenis ZiriTadi faqtorebi: sfag-is dros 
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gamoyenebuli sixSireebis ricxvi da daSoreba sixSireebs Soris, 

mobiluri qselis datvirTva da misi sixSiruli gegma. 

 

1.7 simZlavris regulireba 

    iseve, rogorc wina paragrafSi ganxiluli  sfag-i, simZlavris 

regulireba saSualebas iZleva mobilur qselSi SevamciroT 

interferencia. Aam opciis ZiriTadi amocanaa uzrunvelyos 

mobilur terminalsa (A abonenti) da mobiluri terminalis (B 

abonenti) gasxivebis is minimaluri simZlavre, romlis drosac 

SenarCunebuli iqneba SeerTebis moTxovnili xarisxi [42,46]. [35] –

is Tanaxmad simZlavris regulireba warmoadgens opcionalurs da 

damoukideblad SeiZleba gamoviyenoT, rogorc pirdapir, aseve uku 

mimarTulebiT. rogorc hendoveris dros am opciis muSaoba 

damyarebulia signalis donis gazomvis Sedegze, mis xarisxze da 

SemdgomSi mis Sedarebaze mocemul zRvrul mniSvnelobasTan, rac 

imas niSnavs, rom kontroleri asrulebs daaxloebiT igive 

operaciebs. Tu U_xx_UL_P (zeda zRvari) aweulia, maSin mobiluri 

terminalis gasxivebuli simZlavre mcirdeba da Tu gazomvebiT 

miRebuli gasaSualebuli mniSvneloba dablaa vidre L_xxUL_P 

(dabali zRvari), gasxivebuli simZlavre izrdeba. analogiuri 

procedura sruldeba sabazo sadgurisaTvis. Nnax. 1.11 mocemulia 

diagrama, romelic saSualebas iZleva aRweril iqnas simZlavris 

regulirebis muSaobis algoriTmi. Aam naxazze miRebulia Semdegi 

aRniSvnebi – y_RXxx_zz_P – dabali (y=L/maRali(y=U) zRvari donis 

mixedviT (xx=LEV/xarisxze(xx=QUAL) pirdapir 

mimarTulebaSi(zz=DL)/uku(zz=UL) mimarTulebaSi [7].  

     simZlavris regulireba sabazo sadgursa da mobilur 

terminalSi xorcieldeba bijiT 2db. amasTan erTad sabazo 

sadgurSi arxis sixSire BCCH ar eqvemdebareba regulirebas, 

radganac am arxma yovelTvis unda gaasxivos maqsimalur SesaZlo 

simZlavre. Mmobiluri terminalisaTvis arsebobs regulirebis 16 

done: 0-dan (43db) 15-mde(13db). sabazo sadgursa da mobilur 

terminalisaTvis SesaZlo gasxivebuli maqsimaluri simZlavre 
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ganisazRvreba minimum ori sididiT – mocemuli fiWisaTvis 

gasxivebis dasaSvebi doniT da terminalis klasiT (ix. cxrili 1.4) 

[7]. 

 

cxrili 1.4 

sadguris 

klasi 

maqsimaluri gasxivebuli simZlavre maqsimaluri gasxivebuli 

simZlavre 

 Mmobiluri terminali, vt (dmm)  sabazo sadguri, vt 

1 20 (43) 320 

2 >8 (39) 160 

3 >5 (37) 80 

4 >2 (33) 40 

5 >0.8 (29) 20 

6 - 10 

7 - 5 

8 - 2.5 

 

        aRsaniSnavia is faqti, rom simZlavris regulirebis 

procesi win uswrebs hendoveris process, e.i. jer sistema cdilobs 

igive fiWaSi xarisxiani SeerTebis SesanarCuneblad maqsimalurad 
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gamoiyenos yvela SesaZlebloba (yvela opcia) da mxolod amis 

Semdeg fiWis Secvlaze iRebs gadawyvetilebas. amasTan erTad es ar 

niSnavs imas, rom jer gaiSveba simZlavris regulirebis procesi da 

Semdeg ki hendoveri, sistemis SigniT gamoTvlebi algoriTmebis 

efeqturi muSaobisaTvis momdinareobs paralelurad. Aaqedan 

gamomdinare hendoverisaTvis da simZlavris regulirebisaTvis 

logikuri parametrebis mniSvnelobebi airCeva iseTnairad, rom adre 

moxdes bolo opcia amuSaveba. winaaRmdeg SemTxvevaSi SeiZleba 

gaizardos SeerTebebis wyvetis raodenoba. 

 

1.8 cvladi  gasxiveba 

   rogorc naCvenebia [7]-Si, Cveulebrivi saubris dros arxi orive 

mimarTulebiT saSualod dakavebulia mxolod drois 50%-is 

ganmavlobaSi. cvladi gasxiveba (DTX-Discontinuous Transmission mode-cg) 

-  es muSaobis iseTi reJimia, romlis drosac gadamcemebi muSaoben 

mxolod saubris gadacemis dros. Aaqedan gamomdinareobs cg 

reJimisis gamoyenebis or ZiriTadi upiratesoba: 

1. mobilur qselSi saSualod interferenciis Semcireba; 

2. mobiluri terminalis mier moxmarebuli energiis Semcireba. 

    radganac cg reJimis gaaqtiureba damoukideblad xdeba rogorc 

pirdapir aseva uku mimarTulebiT, amitom zemoT aRniSuli ori 

upiratesobis realizacia SesaZlebelia, Tu es reJimi muSaobs 

erTdroulad orive mimarTulebaSi. 

    saubarSi monawile erTerTi mobiluri terminalis gadamcemis 

gaTiSvis dros, transkoderi axdens e.w. komfortuli xmauris 

generirebas, raTa meore abonentma, cg reJimisis muSaobis dros 

pauza ar aRiqvas mosaubresTan kavSiris dakargvad. amasTan erTad 

cg reJimisis gamoyenebas gaaCnia Semegi ZiriTadi uaryofiTi 

mxareebi:  

1. radio gazomvebis mcire sizuste.  gaTiSuli cg reJimisis dros 

monacemebis Sefasebis raporti MR  (measurement report) formireba 

xdeba 100 freimis safuZvelze (96 salaparako da 4 SACCH (Slow 

Associated Control Channel - freimi) an 52 fremis safuZvelze (48 
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salaparako da 4 SACCH freimi) naxevar siCqariani kodirebis dros. 

cg reJimisis gamoyenebis SemTxvevaSi measurement report-is 

monacemebis formireba xdeba mxolod 12 freimiT (8 salaparako  da 

4 SACCH freimi) [37,39];  

2. e.w. ormagi klipingi – saubris dasawyisSi da boloSi laparakis 

nawilis amoWra. Ees warmoiSveba sistemis muSaobis gansazRvruli 

inerciulobiT, radganac aucilebelia ganisazRvros saubris 

dawyeba da CairTos gadamcemi, rasac Tavis mxriv mivyevarT 

abonentis mier salaparako signalis xarisxis aRqmasTan. 

    Ppirvel uaryofiT mxarem SeiZleba migviyvanos hendoverebis 

ricxvis gazrdasTan, radganac am SemTxvevaSi gazomvebis mcire 

raodenobas, magaliTad, cudi xarisxiT gaaCnia meti wona da 

Sesabamisad zrdis cudi xarisxis mizeziT hendoveris warmoqmnis 

albaTobas. 

    rac Seexeba  meore uatyofiT mxares, swored man gamoiwvia is 

reJimi gamxdariyo opcionaluri. cg reJimisis da mobiluri qselis 

Sesabamisi kvanZebis muSaobis Sesaxeb ufro dawvrilebiTi 

informacia SeiZleba miiRoT [37,39]-literaturidan. 

 

1.9 daskvnebi pirvel TavTan dakavSirebiT  

    Catarebuli analizis safuZvelze SemoTavazebulia opciaTa 

Semdegi klasifikacia:  

1. opciebi, romlebic amcireben mobiluri qselis gadatvirTulobas, 

e.i. romlebic saSualebas iZlevian trafiki gadanawildes mezobel 

fiWebs Soris (hendoveris zogierTi saxeoba, naxevar siCqariani 

kodirebis gamoyeneba, mobiluri qselis ierarqiuli struqturis 

gamoyeneba);  

2. opciebi, romlebic amcireben interferencias saSualod mobilur 

qselSi (sixSiris fsevdo albaTuri gadawyoba, simZlavris 

regulireba da cvladi gasxiveba). 

     Mmobiluri qselis ganviTarebis sawyis etapze, rodesac qselis 

tevadobis ukmarisoba warmoadgens mTavar problemas, da aqedan 

gamomdinare arsebobs mobiluri qselis gadatvirTuloba, 
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mizanSewonilia gamoviyenoT da Sesabamisad avawyoT pirvel jgufSi 

arsebuli opciebi. SemdgomSi, optimizaciis procesSi, rodesac 

radio problemebi xdeba ZiriTadi, azri aqvs didi yuradReba 

mieqces meore jgufSi Semaval opciebs. 

   Ppraqtikuli TvalsazrisiT gansakuTrebul interess 

warmoadgens pirvel jgufSi Semavali opciebi, radganac swored 

maTi gamoyeneba gvaZlevs gansakuTrebiT SesamCnev Sedegs, rogorc 

teqnikuri aseve ekonomiuri TvalsazrisiT. Ooperatorebs yvelaze 

meti Tavisufleba gaaCniaT “pirdapiri gadadaniSnulibis” 

procedurebis awyobisas, magram dReisaTvis logikuri parametrebis 

mniSvnelobebi, romlebic gansazRvraven am opciis muSaobas, airCeva 

im konkretuli inJinrebis gamocdilebidan, romlebic dakavebulni 

arian optimizaciiT, e.i. ar arsebobs maTematikurad dasabuTebuli 

midgoma. aqedan gamomdinare  SemdgomSi unda gadawydes 

analitikuri damokidebulebis moZebnis amocana, romelic 

saSualebas mogvcems dasabuTebulad miudgeT “pirdapiri 

gadadaniSnulibis” procedurebis awyobas. 

    amasTan erTad didi praqtikuli mniSvneloba aqvs awyobas ara 

statikur aramed dinamiur reJimSi. amisaTvis aucilebelia 

ganisazRvros gadatvirTulobebis winaswarmetyvelebis modelis 

parametrebi da gaTvaliswinebuli unda iqnes arsebuli resursis 

gadanawileba salaparako da paketur trafikebs Soris, rac 

warmoadgens SemdgomSi gadasawyvet amocanas. 

 

 

 

 

Tavi 2.   fiWuri kavSiris qselebSi xarisxis Sefasebis 

meTodebi.  tevadobis gazrdis opciaTa gavlenis        

analizi qselis ZiriTad xarisxobriv  maCvenebelze 

 

2.1 Sesavali 
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   Mmobiluri qselebis eqspluataciis procesSi ara marto ismeba 

amocana yuradReba meiqces misi elementebis muSa mdgomareobas – 

kontrolerebis, komutatorebis da sabazo sadgurebis doneze, 

aramed mudmivad ganxorcieldes xarisxis ZiriTadi maCveneblebis 

monitorringi, romlebic gansazRvruli xarisxiT axasiaTeben 

abonentebis mier miwodebuli momsaxurebis aRqmas. aRniSnul TavSi 

ganixileba mobiluri qselebis xarisxis Sefasebis ZiriTadi 

maCveneblebi, gansazRvruli iqneba mobiluri qselis xarisxis 

ZiriTadi maCveneblebi, romelic gamoiTvleba miRwevadi 

statistikuri informaciiT, romelic Segrovilia mobiluri qselis 

sabazo sadgurebis qvesistemebze, mocemulia pirvel TavSi 

ganxiluli TiToeuli opciis mobiluri qselis xarisxobriv 

maxasiaTeblebze gavlenis Sefaseba, gaanalizebulia arsebuli 

opciebis gamoyenebis efeqturoba da mocemulia maTi gamoyenebis 

rekomendaciebi.  

 

2.2 fiWuri kavSiris qselebis xarisxis Sefasebis meTodebi 

    fiWuri bazrze konkurenciis pirobebSi nebismirma operatorma 

ucileblad unda icodes ra doneze imyofeba mis mier 

SeTavazebuli momsaxureba. winaaRmdeg SemTxvevaSi operators ar 

ecodineba abonentebis misi momsaxurebiT kmayofilebis xarisxi da 

didi albaTobiT mosalodnelia konkurentuli paeqrobis wageba. 

mobiluri qselis calkeuli elementebis  uwyveti muSaoba ver 

uzrunvelyofs xarisxiani momsaxurebis miwodebas. arsebiTia, rom 

SesaZlebelia situacia, rodesac mobiluri qselis elementebis 

muSaobis TvalsazrisiT yvelaferi wesrigSia, magram momsaxureba 

miewodeba arasakmarisi xarisxiT. 

    imisaTvis rom Sefasdes mobiluri qselis xarisxi aucilebelia 

SemoRebul iqnas esa Tu is kriteriumi. praqtikaSi umravles 

SemTxvevaSi Safaseba xorcieldeba xarisxis maCveneblebis 

gansazRvruli nakrebiT. amis ganxorcieleba SeiZleba ramodenime 

meTodiT. Ppirveli maT Soris naTelia aris testuri gamoZaxebebis 

Sesruleba  e.i. mag. iReben or mobilur telefons da maTi 
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daxmarebiT mudmivobis safuZvelze anxorcieleben gamoZaxebebs. 

amasTan erTad gamoZaxebebi SeiZleba iyos sxvadasxvanairi: mobilur 

qselSi SeRwevis albaTobis Sasafaseblad gamoZaxebebi unda iyos 

mokle, e.i. saubris xangrZliuba unda iyos 5-10wm-is farglebSi. 

saubris xarisxis Sesafaseblad gamoZaxebebi unda iyos gacilebiT 

didi xangrZliobis – ramodenime wuTis farglebSi. Ggasagebia, rom 

am reJimiT SeiZleba SevamowmoT SeerTebebi, rogorc “mobiluri 

terminali- mobiluri terminali”, aseve  “mobiluri terminali-

qalaqis nomeri”.  Bbunebrivia, rom Tu satesto mobiluri aparatebi 

dafiqsirebulia, e.i. ar gadaadgildebian, maSin hendoverebis 

procedures muSaobis koreqtulobis Samowmeba SeuZlebelia, aseve 

am SemTxvevaSi fasdeba mobiluri qselis dauSveblad mcire 

monakveTi, romlis mixedviTac SeuZlebelia vimsjeloT mTeli 

qselis Sesaxeb. amitom praqtikaSi gamoiyeneba modificirebuli 

midgoma da masze dafuZnebuli Sefaseba. Ees aris e.w. draiv-testi 

anu Semovlebi, romlebsac farTod iyeneben mobiluri kavSiris 

yvela operetori. fizikurad esaa  moZravi gamzomi laboratoria, 

e.i. avtomanqana, romelic aRWurvilia Tanamedrove gamzomi 

kompleqsebiT. Ees kompleqsebi saSualebas iZlevian Sefasebul 

iqnas mobiluri qselis sxvadasxva parametrebi – miRwevadoba, 

radioarxis xarisxi, signalis done, romelsac mobiluri 

terminali Rebulobs sabazo sadguridan, hendoveris procesis 

ganxorcielebis warmatebuloba (am amocanebis gadasawyvetad 

Ericsson-is da Agilent-is kompaniebSi yvelaze gavrcelebul kompleqss 

warmoadgens TEMS), aseve laparakis xarisxis uSualo Sefaseba (mag. 

Akompania Ascom-is kompleqsi Qvoice). aRniSnuli meTodis 

upiratesoba mdgomareobs imaSi, rom miRebuli Sefaseba Zalian 

axlosaa abonentis realur aRqmasTan. amasTan erTad gaaCnia rigi 

uaryofiTi mxareebi. ZiriTadia: maRali Rirebuleba (aparatura 

Rirs sakmaod Zviri, aucilebelia momzadebuli personali, 

romelic mudmivad mas moemsaxureba); anaTvlebis 

reprezentatiulobisaTvis da miRebuli Sedegebis mTel qselze 

eqstrapolaciisaTvis  aucilebelia yoveldRiurd ganxorcieldes 
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ramodenime aTaseuli gamoZaxeba; mimRebi antenebi ganTavsebulia 

avtomobilis saxuravze, Semovla xorcieldeba savtomobilo gziT, 

amitom situacia Senobis SigniT, ezoebSi umravless SemTxvevaSi 

ucnobia. Aamrigad mobiluri qselis xarisxis Sefasebis es meTodi 

warmoadgens monitorringis ganuyofel nawils, magram SeiZleba 

ganixilebodes, rogorc erT-erTi damatebiTi.  

   Mmeore meTods warmoadgens qselis sxvadasxva interfeisebs 

Soris “trasirebis” (qselis elementebs Soris sasignalo 

Setyobineba) damuSaveba. Ees saSualebas gvaZlevs ara marto 

movaxdinoT qselis  mdgomareobis Sefaseba, aramed umravles 

SemTxvevaSi gavarkvioT ama Tu im problemis mizezi, romlebmac 

gamoiwvies miwodebuli momsaxurebis xarisxis gauareseba. 

Tanamedrove pirobebSi umravles SemTxvevebSi analizdeba 

trasireba A- (kontrolersa da komutators Soris), A-bis 

(kontrolersa da sabazo sadgurs Soris) da Um- (mobilur 

terminalsa da sabazo sadgurs Soris). aseTi monacemebis misaRebad 

aucilebelia specialuri xelsawyo – protokolebis analizatori 

da miRebuli trasirebis damuSavebis programa. aRniSnuli meTodis 

ZiriTad upiratesobas warmoadgens miRebuli monacemebis 

TvalsaCinoeba, e.i. miRebuli trasirebis saSualebiT SesaZlebelia 

ganvaxorcieloT ara marto qselis Sefaseba, aramed problemis 

arsebobisas, umravles  SemTxvevaSi, maSinve aviRoT da movZebnoT 

misi aRmofxvris meTodi. Aamis garda, es meTodi araa damokidebuli 

gamoyenebuli aparaturis tipze, ramdenaTac interfeisebi 

standrtizirebulni arian da SeiZleba gamoyenebulni iqnes 

qselebis obieqturad SefasebisaTvis, romlebic realizebulni 

arian sxvadasxva mwarmoeblis mier mowodebul aparaturaze. 

uaryofiT mxares warmoadgens interfeisebis trasirebis aRebis 

sirTule. ramodenime kontroleris arsebobisas A-interfeisis 

trasireba saWiroa miviRoT TiToeulisaTvis cal calke. Pprocesi 

kidev ufro rTuldeba A-bis interfeisis dros, radganac am 

SemTxvevaSi saWiroa kontrolerze CarTva da Tu is ganTavsebulia 

moSorebiT, saWiroa gasvla da gazomvebis Catareba, rac xSir 
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SemTxvevaSi Zalian rTulia. Aamis garda xelsawyos 

konfiguraciidan gamomdinare, A-bis interfeisis trasirebis miReba 

yvela fiWidan SeuZlebelia, da mxolod gazomvebi daikavebs 

dauSveblad did dros. rogorc wina SemTxvevaSi es meTodic 

SeiZleba ganvixiloT, rogorc damatebiTi.  Aamis garda, orive 

meTodi ar iZleva saSualebas erTdroulad, realur droSi 

Sefasdes yvela fiWa. 

   Bbolos, mesame da ZiriTads warmosdgens meTodi, romelic 

dafuZnebulia kontroleridan miRebuli statistikuri 

infoirmaciis Segrovebaze da damuSavebaze. Ees meTodi 

dafuZnebulia qselis elementebs Soris sasignalo informaciis 

gacvlisas kontrolerze arsebuli gansazRvruli mricxvelis 

mniSvnelobis cvlilebaze (gazrdaze). amasTan erTad am 

informaciis Segroveba xdeba kontroleris TiToeuli fiWisaTvis. 

viciT ra Tu romeli sasignalo Setyobinebis miRebis Semdeg 

izrdeba ama Tu im mricxvelis Cveneba, misi mniSvnelobis mixedviT 

SeiZleba gavakeToT Sesabamisi daskvna, rogorc calkeuli fiWis 

aseve mTeli qselis muSaobis xarisxis Sesaxeb. Uumartivesi 

magaliTi: Tu SeimCneva didi Cveneba im mricxvelze,  romelic 

gviCvenebs ”xazi qveviT” interferenciiT gamowveuli hendoverebis 

mniSvnelobas, es Sesabamis fiWaSi xelSeSlis arsebobas mianiSnebs, 

romelic xels uSlis mobiluri terminalis normalur muSaobas. 

es meTodi SeiZleba CavTvaloT ZiriTadad Semdegi garemoebebis 

gamo: SesaZlebelia realur droSi erTdroulad yvela fiWisaTvis 

Tva;lyuri vadevnoT qselSi situacias; monacemebis TvalsaCinoeba, 

e.i. Tvalyuri miedevneba yvela movlenas, romlebic xdeba yvela 

fiWaSi dakvirvebis mTeli periodis ganmavlobaSi; aRniSnuli 

statistika warmodgenilia yvela mwarmoeblis mier. uaryofiT 

mxareebs Soris SeiZleba aRiniSnos konventoridan miRebuli 

informaciis damamuSavebeli programis aucilebloba da is faqti, 

rom mowyobilobis mwarmoebel sxvadasxva kompaniebs statistikis 

sisrule SeiZleba erTmaneTisagan gansxvavdebodes, magram yovel 
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SemTxvevaSi saSualebas iZleva ganvaxorcieloT xarisxis ZiriTadi 

maCveneblebis monitorringi. 

   Aamrigad mobiluri qselis xarisxis Sefasebis  zemoT 

ganxiluli yvela meTodi aris mniSvnelovani, erTmaneTs avseben da 

iZlevian saSualebas gvqondes qselis mimdinare situaciaze 

maqsimalurad sruli informacia. Mmagram zemoT ganxiluli 

Taviseburebebidan gamomdinare, ZiriTads warmoadgens mesame – 

monacemebis Sekreba, damuSaveba da analizi, romelic mudvivad 

miiReba qselis kontrolerebidan. SemdgomSi, xarisxis 

maCveneblebis qveS, vigulisxmebT maCveneblebs, romlebic miiReba 

uSualod am meTodiT. 

 

2.3 mobiluri qselis ZiriTadi xarisxobrivi maCveneblebis 

gansazRvra 

     mricxvelis maCveneblis absoluturi mniSvnelobis safuZvelze 

yovelTvis araamoxerxebuli da zogjer ubralod SeuZlebelia 

mobiluri qselis xarisxis Sefaseba. Mmag. ra SeiZleba vTqvaT 

mobiluri qselis Sesaxeb Tu cnobilia, rom arxis miwodebaze 

uaris raodenoba Seadgens 1000 movlenas  saaTSi?  Ggasagebia, rom am 

SemTxvevaSi aucileblad unda gaviTvaliswinoT gamoZaxebis 

mcdelobis raodenoba. swored amisaTvis SemoaqvT xarisxis 

indikatorebi, romlebic warmoadgenen erTgvar formulebs, 

romlebic Sedgenilia mricxvelebis mixedviT. rogorc zemoT 

avRniSneT, mowyobilobis sxvadasxva mwarmoebel kompaniebs gaaCniaT 

mricxvelis Cvenebis warmodgenis sxvadasxva meTodi. magram, 

ramdenaTac qselSi arsebuli mowyobilobebidan damoukideblad 

mobiluri qseli Sefasebuli unda iqnes xarisxis erTi  

indikatoris mixedviT, saWiroa    gvqondes  rigi  mricxvelebisa,  

romlebic  asaxaven  

erTnair   movlenebs. 

    xarisxis indikatoris formirebis ZiriTad principi aris 

formulis Seqmna, romlis mricxvelSi Sedis yvela warmatebuli (an 

warumatebuli) movlena da mniSvnelSi Sesabamisi yvela movlena. 
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imisaTvis rom fiWuri kavSiris qselisaTvis SevadginoT  

indikatorebis sistema, SeiZleba visargebloT Semdegi midgomiT. 

gamoZaxebis mTeli procedura daiyofa ramodenime nawilad, 

gamoiTvleba calcalke TiToeuli nawili da Semdeg warmatebis (an 

warumateblobis) albaTobis gadamravlebiT gamoiTvleba erTi 

globaluri indikatori, romlis mixedviTac SeiZleba vimsjeloT 

mobiluri qselis xarisxze da rac mniSvnelovania SevadaroT 

mobiluri qselebi erTmaneTs.  

    rogorc cnobilia GSM  sistemebSi gamoZaxebis scenari 

SeiZleba davyoT or nawilad – marTvis arxis da trafikis arxis 

gamoyofad. Tavis mxriv TiToeuli arxisaTvis SasaZlebelia ori 

warumatebeli movlena – arxis ar daniSvna da SeerTebis gawyveta 

am arxSi gamoZaxebis moZebnis drois ganmavlobaSi. aRniSnulis 

Sasabamisad warumatebeli movlenebis Tavidan asacileblad 

SeiZleba gamoiyos xarisxis oTxi indikatori: 

1. marTvis arxis warumatebeli daniSvnis procenti (Sesabamisi 

indikatori avRniSnoT SDAsFR –iT),  

2. marTvis arxSi gamoZaxebis arsebobisas SeerTebis gawyvetis 

procenti (SDCDR),  

3. trafikis arxis  warumatebeli daniSvnis procenti (TAsFR)  

4. trafikis arxSi gamoZaxebis arsebobisas SeerTebis gawyvetis 

procenti (TCDR).  

    viciT ra am indikatorebis mniSvneloba, SeiZleba miviRoT 

xarisxis zogadi indikatori – warumatebeli SeerTebis procenti 

(CunSR), romelic tolia:  

   CunSR=1-(1- SDAsFR). (1- SDCDR) . (1- TAsFR) . (1- TCDR)      (2.1) 

   SDAsFR da TAsFR indikatorebis SemadgenlobaSi Sedis uari 

rogorc arxis gamoyofaze gadatvirTulobis mizeziT (SDAsFR_cong 

da TAsFR_cong), aseve radio arxSi arsebuli problemebis SedegiT 

(SDAsFR_radio da TAsFR_radio). Tavis mxriv SeerTebis gawyveta 

SeiZleba aseve gamowveuli iqnas sxvadasxva mizeziT:  mowyobilobis 

problemiT da radio problemiT hendoveris dros. amrigad 

xarisxis ZiriTadi an arsebiTi  indikatori Sedgeba  ufro dabali 
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donis indikatorebisagan, romelTa mniSvneloba saSualebas 

gvaZlevs ufro zustad vimsjeloT qselSi ama Tu im problemis 

Sesaxeb.     cxril 2.1-Si moyvanilia xarisxis ZiriTadi 

indikatorebi, romlebic gamoyenebuli aparaturidan 

damoukideblad mobiluri qselis donis Sesafaseblad 

gamoiyenebian. 

   Ggarda ganxiluli indikatorebisa mizanSewonilia gamoviyenoT 

rigi damatebiTi indikatorebi, rac meti iqneba mwarmoeblis mier 

warmodgenili statistikuri informacia, miT meti damatebiTi 

indikatorebi SeiZleba gamoviyenoT, rac met SesaZleblobas iZleva 

aRmoCenil iqnes problema, misi moZebnos da misi aRmofxvris 

meTodi, Sekrebili da damuSavebuli statistikuri informaciis 

safuZvelze. Ees amocana gansakuTrebiT aqtualuria mobiluri 

qselis optimizaciis dros, rodesac mobiluri qselis ZiriTadi 

indikatorebiT uxeSi Sefaseba ukve arasakmarisia.  

   magaliTisaTvis SeiZleba moviyvanoT Semdegi damatebiTi 

indikatorebi:  

 cxrili 2.1  

indikatori indikatoris ganmarteba 

CunSR warumatebeli SeerTebis procenti 

SDAsFR marTvis arxis warumatebeli daniSvnis procenti (SDCCH) resursis 

arsebobisas 

SDAsFR_cong marTvis arxis warumatebeli daniSvnis procenti (SDCCH) resursis 

aryofnis mizeziT 

SDAsFR_radio marTvis arxis warumatebeli daniSvnis procenti (SDCCH) radio 

arxSi problemis gamo 

SDCDR marTvis arxSi gamoZaxebis arsebobisas SeerTebis gawyvetis procenti 

(SDCDR) 

TAsFR trafikis arxis  warumatebeli daniSvnis procenti (TCH) 

TAsFR_cong trafikis arxis  warumatebeli daniSvnis procenti (TCH) resursis 

aryofnisas 

TAsFR_radio trafikis arxis  warumatebeli daniSvnis procenti (TCH) radio 

arxSi problemis gamo 

TCDR trafikis arxSi gamoZaxebis arsebobisas SeerTebis gawyvetis 
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procenti (TCH) 

   

 - pirdapir da uku mimarTulebaSi signalis dabali donis mizeziT 

hendoverebis procenti;  

- pirdapir da uku mimarTulebaSi signalis cudi xarisxis mizeziT 

hendoverebis procenti;  

- ukeTes fiWaSi hendoverebis procenti;  

- gazomvis procenti RXQUAL –is mniSvnelobiT 4-ze naklebi;  

- abonentebis registraciis (Location updape) procenti;  

- gamavali da Semomavali SMS-Setyobinebis procenti. 

     analogiurad, magram garkveuli daSvebiT, SeiZleba SevadginoT 

ZiriTadi da damatebiTi indikatorebi GPRS momsaxurebisaTvis. 

cxril 2.2-Si moyvanilia xarisxis ZiriTadi indikatorebi, 

romlebic SeiZleba gamoyenebuli iyos mobiluri qselis 

SefasebisaTvis GPRS momsaxurebis ganxorcielebis TvalsazrisiT. 

 

 cxrili 2.2 

indikatori indikatoris ganmarteba 

TBFunSR_UL Uuku mimarTulebaSi  TBF SeerTebis warumatebeli damyarebis 

procenti 

TBFunSR_DL Upirdapir mimarTulebaSi  TBF SeerTebis warumatebeli 

damyarebis procenti 

TBFDr_UL Uuku mimarTulebaSi  TBF SeerTebis gawyvetis procenti 

TBFDr_DL Upirdapir mimarTulebaSi  TBF SeerTebis gawyvetis procenti 

TBFThrtAvg_UL Uuku mimarTulebaSi  gadacemis saSualo siCqare 

TBFThrtAvg_DL Upirdapir mimarTulebaSi  gadacemis saSualo siCqare 

 

2.4  mobiluri qselis xarisxobrivi indikatorebis gamoTvlis 

meTodebi 

   praqtikaSi 2.3 paragrafSi ganxiluli indikatorebis 

gamoTvlisas xSirad wamoiWreba kiTxva, drois ra SualedSi iqnas 

Sefasebuli xarisxis esa Tu is maCvebnebeli. Ggasagebia, rom erTi 

da igive indikatoris drois sxvadasxva SualedSi gazomvisas 
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miviRebT sxvadasxva Sedegs. rogorc wesi iyeneben gamoTvlis or 

meTods: drois gansaxilveli SualedisaTvis udidesi datvirTvis 

saaTSi (uds)  da integralurad drois igive SualedSi.  aseT 

Sualedad mizanSewonilia aviRoT kvira – trafikis profilis 

gameorebis minimaluri periodi. nax. 2.1-ze mocemulia trafikis 

tipiuri profili ori kviris ganmavlobaSi. 

 

Nnax. 2.1 or kviriani trafikis profili 

    Ppraqtikidan gamomdinare azri aqvs gamoviyenoT gamoTvlis 

orive meTodi, radganac TiToeuli maTgani gamoiyeneba sxvadasxva 

saxis analizisaTvis. arsebiTia, rom uds-Si gamoTvlili 

indikatorebis mniSvneloba meti iqneba kviris ganmavlobaSi 

integralurad gamoTvlis indikatorebze. Mmagram es saSualebas 

gvaZlevs SevafasoT ra situacia SeiZleba gvqondes yvelaze cud 

SemTxvevaSi da  rogor ar saSualdeba trafikis mcire droiani 

pikuri mniSvnelobebi. Mmeores mxriv kviris ganmavlobaSi 

integralurad gamoTvlebi saSualebas gvaZlevs gagluvdes 

(gaTanabrdes) is pikuri mniSvnelobebi, romlebic gamowveulia 

trafikis raRac mizeziT matebiT, rac saSualebas gvaZlevs ufro 

zustaT gaverkveT zogadad mobiluri qselis ganviTarebis 

tendenciebSi. e.i. integralurad da uds-Si gamoTvlili 

mniSvnelobebis Sedareba saSualebas gvaZlevs warmodgena viqonioT 

problemis xarisxze. Tu miRebuli mniSvnelobebi axlosaa 

erTmaneTTan, maSin problemebi mobilur qselSi (Tu isini 

arseboben) ganawilebulia Tanabrad da maTi gadawyveta 

kompleqsuradaa saWiro. 
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    magaliTisaTvis Tu TAsFR_cong-is integralurad gamoTvlili 

mniSvneloba bevrjer mcirea uds-Si gazomil mniSvnelobaze, maSin 

ramodenime sabazo sadgurSi resursis naklebobas aqvs adgili, 

romlebic ganicdian gadatvirTulobebs drois garkveul 

SualedebSi (mag. paraskebobiT saRamos saaTebSi qalaqis 

gasasvlelSi  avtomobilebis mier warmoqmnili sacobebis dros). 

    Aamrigad, mobiluri qselis mdgomareobis Sefasebisas 

mizanSewonilia gamovTvaloT xarisxis maCveneblebis indikatorebi, 

rogorc uds-isaTvis aseve integralurad kviris ganmavlobaSi, 

radganac gamoTvlis aRniSnuli meTodebi iZlevian mobiluri 

qselis ufro srulyofil suraTs.   

 

2.5  mobiluri qselis tevadobis gazrdis opciaTa gavlenis 

analizi    ZiriTad     xarisxobriv  maCvenebelze 

     Aarsebobs  mravali opcia, romlebic saSualebas iZlevian 

gaizardos mobiluri qselis tevadoba, amitom saWiroa TiToeuli 

opciisaTvis Sefasdes  gavlena xarisxobriv maCvenebelze. Ees ki 

saSualebas iZleva opciebi gamoviyenoT efeqturad mobiluri 

qselis ganviTarebis saWiro etapze. rogorc pirvel TavSia 

naCvenebi yvela opciebi iyofa or klasad. Sesabamisad isini 

gavlenas iqonieben xarisxis sxvadasxva maCveneblebze, amasTan 

sxvadasxva xarisxiT mobiluri qselis ganviTarebis etapze 

damokidebulebiT. 

     Mmobiluri qselis ganviTarebis sawyis etapze pirvel adgilze 

gamodis tevadobis ukmarisoba da rogorc wesi yvela mcdeloba 

ZiriTadad mimarTulia ara interferenciis Semcirebaze da 

laparakis xarisxis gazrdaze, aramed mobilur qselSi rac 

SeiZleba meti abonentis CarTvaze. Mmagram es ar niSnavs, rom am 

etapze momsaxurebis xarisxi saerTod daviviwyoT, ramdenaTac 

qselSi miRwevadoba an gamoyofil trafikis arxze uarebis 

procenti aris erTerTi ZiriTadi xarisxis maCvenebeli. 

    Aamrigad, mobiluri qselis ganviTarebis sawyis etapze azri 

ara aqvs yuradReba mieqces im opciebs, romlebic amcireben 
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interferencias da pirvel rigSi aucilebelia gamoviyenoT opciebi, 

romlebic amcireben mobiluri qselis gadatvirTulobebs, 

hendoveris gansazRvruli  saxeebi, maT Soris “pirdapiri 

gadadaniSnulibis” procedura da naxevarsiCqariani kodirebis 

reJimi. Mmobilur qselSi gadatvirTulobebis Semcirebis 

TvalsazrisiT yvelaze did efeqts iZleva naxevarsiCqariani 

kodirebis reJimis gamoyeneba, ramdenaTac Teoriulad saSualebas 

iZleva gaaormagos qselis tevadoba drois mcire danakargebiT, 

radganac es procesi xorcieldeba distanciurad qselis marTvis 

centridan oridan erT-erTi parametris gaaqtiurebiT (pirvel TavSi 

ganxiluli SezRudvebis ar arsebobis pirobebSi). Aaseve 

aRsaniSavia, rom rig SemTxvevebSi naxevarsiCqariani kodirebis 

reJimis gamoyeneba saSualebas iZleva SevamciroT interferencia, 

amitom fiWaSi damatebiTi gadamcemis CarTvis sanacvlod fiWaSi 

aaqtiureben am reJims. Aamrigad, aRniSnuli reJimis gamoyeneba 

saSualebas iZleva SevamciroT xarisxis iseTi maCveneblebi 

rogoricaa TAsFR_cong, SDAsFR_cong, da rig SemTxvevebSi 

TAsFR_radio, SDAsFR_radio, SDCDR da TCDR maCveneblebic. 

     amas Semdeg, rac  naxevarsiCqariani kodirebis reJimis 

gamoyenebis SesaZleblobebi amoiwureba, mizanSewonilia yuradReba 

mieqces sxvadasxva hendoverebis awyobas, pirvel rigSi “pirdapiri 

gadadaniSnulibis” proceduras. Mmiuxedavad imisa, rom misi 

zemoqmedeba momsaxurebis dros uarebis albaTobaze arc Tu ise 

didia, rogorc  naxevarsiCqariani kodirebis reJimis gamoyenebisas, 

magram yuradReba unda mieqces im parametrebis awyobas, romlebic 

gavlenas axdenen am opciis muSaobaze. amasTan erTad dafarvis 

simWidrovisa da interferenciuli ruqidan damokidebulebiT 

parametrebis nakrebi iqneba sxvadasxva. Ees ganpirobebulia 

“pirdapiri gadadaniSnulibis” proceduris muSaobis principidan 

gamomdinare – im mizniT, rom axal gamoZaxebas SenarCunebuli 

hqondes momsaxurebis arxi, abonentis momsaxureba gadaecema fiWas, 

romelsac aSkarad signalis dabali done gaaCnia. Ggasagebia, rom 

radio arxis sxvadasxva mdgomareobisas, gadasacemi laparakis 
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xarisxis  minimalurad misaRebi done iqneba sxvadasxva. Aamis garda 

is fiWa, romelsac gadaecema gamoZaxebis momsaxureba, rogorc wesi 

mdebareobs ufro Sors, vidre is sadac moxda gamoZaxebis 

inicireba, amitom mobiluri terminalic gaasxivebs didi 

simZlavriT (im pirobebSi, Tu gaaqtiurebulia mobiluri 

terminalis simZlavris maregulirebeli opcia), rac negatiurad 

imoqmedebs mobiluri qselis interferenciis saerTo suraTze. 

Aamrigad, “pirdapiri gadadaniSnulibis” proceduris  gamoyeneba 

moqmedebs xarisxis Semdeg maCveneblebZe:  TAsFR_cong, TAsFR_radio, 

SDAsFR_radio, SDCDR da TCDR. amasTan, Tu pirveli maCvenebeli 

umjobesdeba, Semdegni SeiZleba gauaresdnen, magram   TAsFR_cong-is 

dadebiTi gavlena gacilebiT maRalia, vidre danarCeni parametrebis 

degradacia, romlebic SeiZleba Tavidan mTlianad iqnes acilebuli 

optimaluri sixSirul-teritoriuli dagegmarebis da logikuri 

parametrebis zusti awyobis dros, rac mogvianebiT iqneba naCvenebi. 

KaRniSnuli opciis gamoyenebis kidev erTi upiratesobas 

warmoadgens is, rom sistema avtomaturad marTavs mis 

CarTva/gamorTvas, e.i. Tu arsebuli tevadoba sakmarisia, maSin 

gamoZaxebebis momsaxureba moxdeba standartuli scenariT da Tu 

raime mizeziT matulobs gadatvirTulobebi, maSin iwyeba 

“pirdapiri gadadaniSnulibis” proceduris gamoyeneba, rac 

umravles SemTxvevaSi uzrunvelyofs gadatvirTulobis Tavidan 

acilebas. 

    Tu mobiluri qseli or sixSiriania, e.i. gamoiyeneba 900mhc. Dda 

1800mhc. Ddiapazoniani gadamcemebi, maSin yuradReba unda mieqces  da 

gamoviyenoT or diapazonian fiWebs Soris trafikis gadanawilebis 

algoriTmebis SesaZleblobani, an zogadad mikro- da makro fiWebs 

Soris. rogorc wesi mobiluri qselis ganviTareba isaxavs or 

mizans, dafarvis da tevadobis uzrunvelyofas. Oor diapazonian 

qselebSi pirveli amocanis gadawyveta xdeba 900mhc. diapazoniani 

fiWebiT (makrifiWa) da meore 1800mhc. diapazoniani fiWebiT 

(mikrifiWa).  aseTi midgoma gansakuTrebiT aqtualuria “bilainis” 

kompaniisaTvis, romelsac Zalian mcire  900mhc-iani diapazoni 
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gaaCnia, rasac mivyavarT am diapazonis sixSiris gamoyenebis 

SezRudvasTan da aqedan gamomdinare interferenciis maRali riskis 

arsebobasTan. Aamrigad sistemis logikuri parametrebis awyoba 

saSualebas iZleva trafikis koncentracia maqsimalurad 

movaxdinoT 1800mhc Ddiapazonian fiWebSi, rasac mivyevarT xarisxis 

iseTi maCveneblis gazrdasTan, rogoricaa TAsFR_cong da TCDR. 

uaryofiTi mxareebidan aRsaniSnavia hendoverebis ricxvis gazrda, 

rac SeiZleba aisaxos laparakis gadacemis xarisxze, amrigad xSir 

SemTxvevaSi misi kompensireba xdeba imiT, rom SeerTebis Semdgomi 

etapi xdeba ukeTes radio pirobebSi. aRsaniSnavia, rom arsebobs 

1800mhc diapazonSi trafikis koncentraciis ramodenime meTodi, rac 

damokidebulia mobiluri qselis situaciaze da am meTodebs 

mogvianebiT ganvixilavT. 

    SevajamebT ra im opciebis gamoyenebas, romlebic amcireben 

gamoZaxebebis momsaxurebis uaris albaTobas vaskvniT, rom isini 

aqtualurs warmoadgenen, amasTan mobiluri qselis ganviTarebis 

sawyis etapze mizanSewonilia naxevarsiCqariani kodirebis reJimis 

da “pirdapiri gadadaniSnulibis” proceduris gamoyeneba, aseve am 

ukanasknelis muSaobaze pasuxismgebeli parametrebis optimaluri 

awyoba. amis garda ordiapazonian qselSi azri aqvs gamoviyenoT is 

arsebuli meTodebi, romlebic saSualebas iZlevian gadavanawiloT 

trafiki 900mhc da 1800mhc fiWebs Soris. 

   Mmobiluri qselis ganviTarebis sawyis etapze tevadobis 

ukmarisobis problemis gadaWris Semdeg pirvel adgilze gadmodis 

interferenciis Semcirebis amocana. amasTan tevadobis ukmarisobis 

problema xaxdaxan SeiZleba darCes an gamoCndes calkeul zonebSi, 

magram is problema ukve araa ZiriTadi. Aam SemTxvevebSi meti 

yuradReba unda mieqces iseTi opciebis gamiyenebas, rogoricaa 

simZlavris regulireba, sixSiris fsevdo albaTuri gadawyoba da 

cvladi gamosxiveba. 

   Aam sami opciidan simZlavris regulireba SeiZleba gamoyenebuli 

iqnas mobiluri qselis ganviTarebis yvelaze dabali xarisxis 

dros, radganac sistema avtomaturad arCevs aucilebel simZlavres 



 70

SeerTebis misaRebi xarisxis SesanarCuneblad (im pirobiT, rom 

parametrebi mniSvnelobebi, romlebic pasuxoben am opciis 

muSaobaze, arCeulia Sesabamisi meTodiT). simZlavris regulirebis 

muSaobis principidan gamomdinareobs, rom is aumjobesebs 

interferenciul suraTs rogorc pirdapir aseve uku 

mimarTulebaSi. amasTan uku mimarTulebaSi regulirebis dros 

xdeba mobiluri terminalis kvebis elementis xarjvis ekonomia da 

mcirdeba smenis organos dasxivebis xarisxis Semcireba. simZlavris 

regulirebis marTvis algoriTmis parametrebis SerCevisas 

aucilebelia gaviTvaliswinoT urTierTmoqmedeba hendoveris 

procedurasTan, sxva sityvebiT,  TAsFR_radio da SDCDR xarisxis 

maCveneblebis gaumjobesebis nacvlad miviRoT TCDR mniSvnelobis 

gauareseba. 

    cvalebadi gamosxivebis gamoyeneba aseve ar saWiroebs mobiluri 

qselis ganviTarebis maRal xarisxs, magram am opciis dadebiTi 

gavlena arc ise naTelia. Aamitom rogorc wesi mas iyeneben zemoT 

moyvanili opciis Semdeg. simZlavris regulirebidan gansxvavebiT, 

parametrebis awyobas, romlebic pasuxoben cvalebad gamosxivebaze,  

gansakuTrebuli sifaqize ar gaaCnia da am opciis funqcionirebaze 

koordinaluri meTodiT ar unda vimoqmedoT. Aam SemTxvevaSi 

zemoqmedeba SeiZleba ZiriTadad movaxdinos xarisxis iseT 

maCvenebelze rogoricaa TAsFR_radio da TCDR.  Mmagram praqtikaSi 

am cvlilebebze yuradRebis miqceva Znelia, amitom am opciis 

Sefaseba ukeTesia vawarmooT radio arxebis mdgomareobis analizis 

safuZvelze, mag. SevafasebT ra signalebis nawils parametrebiT 

RXQUAL=0, RXQUAL=1…3 da RXQUAL=4…7. 

    sabolood sixSiris fsevdo albaTuri gadawyoba, rogorc wesi 

warmoadgens xarisxis gaumjobesebis damasrulebel nabijs. Aam 

opciis gamoyenebis win, garda imisa, rom Catarebul unda iqnes 

iseTi optimizaciis procedurebi, rogoricaa antenebis daxra,   

gamoyenebuli algoriTmebis optimaluri awyoba da sxva,  

aucilebelia kargad gaTvlili sixSiruli gegmis arseboba. swored 

aseT pirobebSi sixSiris fsevdo albaTuri gadawyoba iZleva 
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yvelaze did efeqts, sxva mxriv am opciis gamoyeneba araa 

mizanSewonili, ufro metic xarisxis maCveneblis gaumjobesebis 

nacvlad SeiZleba adgili hqondes mis degradacias. zemoT 

moyvanili moTxovnebis Sesrulebis dros SeiZleba mivaRwioT 

xarisxis iseTi maCveneblebis gaumjobesebas, rogoricaa TAsFR_radio 

da SDCDR. 

    Aamrigad, mobiluri qselis ganviTarebis sawyisi etapis Semdeg 

pirvel adgilze gamodis qselis interferenciis Semcirebis 

amocana, romlis gadawyveta SeiZleba moxdes Semdegi ZiriTadi 

opciebis gamoyenebiT – simZlavris regulireba, sixSiris fsevdo 

albaTuri gadawyoba da cvladi gamosxiveba. amasTan Zalian 

faqizad unda moxdes im parametrebis awyoba, romlebic pasuxs 

ageben am opciebis muSaobaze, sxva mxriv TAsFR_radio, SDCDR  da 

TCDR parametrebis gaumjobesebis nacvlad SeiZleba miviRoT maTi 

gauareseba. 

 

2.6  arsebul opciaTa gamoyenebis efeqturobis Sefaseba da 

maTi gamoyenebis rekomendaciebi 

  Aam paragrafSi moyvanilia zemoT ganxiluli opciebis praqtikaSi 

gamoyenebis Sedegebi “bilainis” qselSi, romlis safuZvelze 

SeiZleba vimsjelod maTi gamoyenebis efeqturobaze. jer 

ganvixiloT opciebi, romlebic saSualebas iZlevian SevamciroT 

uarebis albaToba. 

    NnaxevarsiCqariani kodirebis gamoyenebisas mogeba TvalsaCinoa, 

amitom avRniSnoT mxolod Semdegi momenti. swrafad zrdad 

qselebSi trafikis wili NnaxevarsiCqariani kodirebis reJimSi 

SeiZleba miaRwios 60-70%. magram Tu am situaciaSi 

gadatvirTulobebi araa mniSvnelovani (rac praqtikaSi iSviaTia), es 

ar niSnavs mobilur qselSi normalur situacias. Aucilebelia 

gaviTvaliswinoT, rom jer erT ukve ar aris araviTari Tadarigi 

imisaTvis, rom SevaCeroT trafikis zrdisas gadatvirTulobebis 

mateba, mag. Mmarketinguli aqciis mizeziT da meores mxriv 

naxevarsiCqariani kodirebis reJimis dros laparakis xarisxi 
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obieqturad ufro cudia. Mmobiluri qselis proeqtirebisas 

mizanSewonilia orientacia gakeTdes Half Rate reJimSi trafikis 

20=30%-ze – rac saSualebas mogvcems im adgilebSi sadac 

mosalodnelia abonentebis didi raodenoba miviRoT misaRebi 

xarisxis maCvenebli  mobilur qselze miRwevadobis TvalsazrisiT, 

laparakis xarisxis arc Tu didad gauaresebisas. 

   “pirdapiri gadadaniSnulibis” procedurebis efeqturobaze 

SeiZleba vimsjeloT Semdegi Sedegebis mixedviT (ix. Nnax. 2.2-2.3). 

mokled ganvixiloT RerZebze gamosaxuli sidideebi. Nnax. 2.2-ze 

ordinatTa RerZze gadazomilia gansaxilvel drois SualedSi (ori 

dRe)  maqsimalur mniSvnelobasTan SedarebiT normirebuli 

TAsFR_cong-is mniSvneloba, romelic gamoiTvleba rogorc 

trafikis arxis gamoyofaze moumsaxurebadi gamoZaxebebis 

raodenobis Sefardeba gamoZaxebebis raodenobasTan, romlebsac 

gamoeyoT trafikis arxi. Nnax. 2.3-ze .ordinatTa RerZze 

gadazomilia gansaxilvel drois SualedSi (ori dRe)  maqsimalur 

mniSvnelobasTan SedarebiT normirebuli TCDR-is mniSvneloba, e.i 

gamoZaxebebis gawyvetis SemTxvevis raodenobis Sefardeba 

gamoZaxebebis saerTo raodenobasTan. orive SemTxvevaSi abscisaTa 

RerZze gadazomilia dro – 48 saaTi, e.i. opciis awyobidan dRiT 

adre da dRiT Semdeg. 

   Mmobiluri qselis nawilze gaaqtiurebuli iyo “pirdapiri 

gadadaniSnulibis” procedura, magram ar iyo ganxorcielebuli 

parametrebis zusti awyoba. Nb_free_TCH(n)set  da Signal_Levmin  

parametrebis cvlilebisas dRis saaTebSi gadatvirTulobebi 

Semcirdnen miaxloebiT 3-jer da Ramis saaTebSi 2-2.5-jer, amasTan 

xarisxis sxva maCveneblebi SenarCunebulni iqnen im doneze rac iyo 

cvlilebamde     (ix.Nnax.2.3). 
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Nnax. 2.2. TAsFR_cong-is mniSvnelobis damokidebuleba droze    

 

nax. 2.3. TCDR-is mniSvnelobis damokidebuleba droze    

     miRebuli Sedegebis mixedviT SeiZleba vimsjeloT “pirdapiri 

gadadaniSnulibis” proceduris gamoyenebis saWiroebaze mobilur 

qselebSi, radganac es saSualebas gvaZlevs efeqturad gamoviyenoT 
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mobiluri qselis resursi, rac mobiluri qselis xarisxobrivi 

maCveneblebis gaumjobesebas iZleva. 

     ganvixiloT ordiapazoniani mobiluri qselebis gamoyenebis 

efeqturoba. SeiZleba gamovyoT ordiapazoniani qselis agebis 3 

midgoma: 

1. 900 da 1800mhc-iani mobiluri qselebi ganvixiloT, rogorc 

damoukidebeli qselebi; 

2. 1800mhc-iani fiWebi warmoadgenen prioritetuls 900mhc sixSirian 

fiWebTan SedarebiT;  

3. 900 da 1800mhc-iani fiWebi ganvixiloT, rogorc erTiani fiWa 

saerTo resursebiT. 

     rogorc pirvel TavSi iyo naCvenebi yvelaze miwanSewonilia 

pirveli midgoma. Amas mowmobs Semdegi cifrebi (ix. Nnax. 2.4-2.5) 

[69]. Nnax. 2.4-is ordinatTa RerZze gadazomilia gansaxilvel 

drois SualedSi (ori dRe)  maqsimalur mniSvnelobasTan 

SedarebiT normirebuli datvirTvis mniSvneloba. Nnax. 2.5-is 

ordinatTa RerZze da abscisaTa RerZze orive naxazze Seesabameba 

naxz 2.3-is aRniSvnebs. Mmobiluri qselis monakveTze meore midgomis 

gamoyenebisas datvirTva 1800mhc-ian fiWebSi gaizarda 2-jer metad, 

(ix. Nnax. 2.4), xolo gadatvirTuloba 900mhc-ian fiWebSi Semcirda 

TiTqmis 2.5 jer pirveli midgomis gamoyenebasTan SedarebiT (ix. nax. 

2.4.).  amasTan 1800mhc. Ddiapazonian fiWebSi  SeerTebebis gawyveta 

laparakis dros ar Secvlila. aqedan gamomdinare SeiZleba 

davamtkicoT  1800mhc. Ddiapazoniani fiWebis prioritetis 

gansazRvris mizanSewoniloba da aRniSnuli meqanizmis gamoyeneba 

ordiapazonian qselebSi datvirTvis gadasanawileblad. 

     ordiapazonianiMmobiluri qselis agebis mesame meTodi 

warmosadgens meore midgomis Tavisebur logikur gagrZelebas. 

zogadad SesaZlebelia am meTodis orgvari Orealizacia. Ppirvel 

SemTxvevaSi Cven vukrZalavT mobilur terminals molodinis 

reJimSi momsaxurebul iqnas 1800mhc-iani seqtoriT, da 

gansazRvruli daSvebiT ori sxvadasxva diapazoniani seqtori 

SeiZleba ganvixiloT, rogorc erTiani seqtori. Ees saSualebas 



 75

gvaZlevs trafikis arxisaTvis gamovaTavisuflod damatebiTi taim-

sloti, radganac rogorc wesi, marTvis arxad aiReba minimum ori 

taim-sloti, da am situaciaSi datvirTva SDCCH arxebze 

praqtikulad ar arsebobs. N 

 

nax. 2.4. datvirTvis damokidebuleba droze   ordiapazonian qselSi 

 

nax. 2.5. TAsFR_cong-is mniSvnelobis damokidebuleba droze 

ordiapazonian qselSi 

    

     erTi taim-sloti rCeba BCCH arxisaTvis, rac saSualebas 

iZleva hendoveris dros am fiWidan SevafasoT signalis realuri 
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done. Aamis garda, radganac erlangis kanons gaaCnia araxazuri 

damokidebuleba, amitom 7 arxiani ori seqtoris tevadoba, naklebia 

14 arxiani erTi seqtoris tevadobaze. aseT midgomis gamouenebas 

azri aqvs Zalian gadatvirTulobadi seqtorebis dros, e.i. rodesac 

praqtikulad SesaZlebelia mTlianad gamovoyenoT arsebuli 

resursi. ganvixiloT 900 da 1800mhc. diapazoniani wyvili 

TanamimarTulebis mniSvnelovnad gadatvirTulobadi fiWa, sadac 

gamoyenebuli iqna aRniSnuli midgoma (ix. Nnax. 2.6-2.8). Nnax. 2.7-2.8 

ordinatTa RerZze gamoyenebulia igive aRniSvnebi rac nax.2.3-ze. 

Nnax. 2.6-is ordinatTa RerZze gadazomilia  miRwevadi trafikis 

arxebis maqsimaluri ricxvis integralurad normirebuli 

datvirTvis mniSvneloba. e.i. dakavebuli arxebis saSualo 

raodenobis Sefardeba miRwevadi arxebis raodenobasTan. 

 

Nnax. 2.6. wyvili seqtorisaTvis integraluri datvirTvis droze 

damokidebuleba 



 77

 

Nnax. 2.7. TAsFR_cong-is mniSvnelobis damokidebuleba droze wyvili 

seqtorisaTvis 

 

 

Nnax. 2.8. SDAsFT_cong-is mniSvnelobis damokidebuleba droze 

wyvili seqtorisaTvis 

      rogorc Nnax. 2.6-dan Cans aRniSnuli midgomis gamoyenebiT 

SesaZlebeli gaxda 5%-iT gazrdiliyo fiWis gamoyenebis 

efeqturoba. miTumetes 900mhc. diapazonian fiWebSi marTvis 

arxisaTvis saWiro gaxda damatebiTi taim-slotis gamoyofa, ramac 

gamoiwvia am seqtorze trafikis arxebis gadatvirTuloba (ix. Nnax. 
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2.7.), magram marTvis arxebze gadatvirTuloba Semcirda 

praqtikulad nulamde (ix. Nnax. 2.8.). 

    unda aRiniSnos, rom ganxilul midgomaSi aucilebelia 900mhc-

ian fiWaSi marTvis arxis raodenobis gazrda, rac yovelTvis araa 

SesaZlebeli, radganac SeiZleba miviRoT trafikis arxebis ufro 

didi gadatvirTuloba. amis garda dReisaTvis mcire raodenobiT, 

magram mainc arsebobs erTdiapazoniani mobiluri terminalebi, e.i. 

romlebic muSaoben an 900mhc. an 1800mhc. sixSirul zolSi. 

aRniSnuli faqti ar iZleva saSualebas yvelgan gamoviyenoT aseTi 

midgoma. Ddabolos meore realizacias warmoadgens e.w. 

multidiapazoniani fiWebis gamoyeneba. Aam SemTxvevaSi ori seqtori 

ordiapazoniani transiverebiT ukve yovelgvari daSvebis gareSe 

ganixileba, rogorc erTiani seqrori, e.i. marTvis arxebi 

ganTavsebulia 900mhc. Ddiapazonian fiWaSi. Aam SemTxvevaSi mTavar 

upiratesobas warmoadgens is rom 1800mhc. diapazonian fiWaSi yvela 

taim-sloti gamoviyenoT salaparako arxad, e.i. am TvalsazrisiTac 

gvaqvs kidev ufro didi mogeba. magram am meTodma didi gamoyeneba 

ver hpova imitom, rom 1800mhc-ian fiWebSi ar arsebobs BCCH arxi,  

romlis saSualebiTac ganisazRvreba fiWaSi signalis done, e.i. 

zemoT ganxilul meTodTan gansxvavebiT, hendoveris dros ar 

arsebobs zusti informacia signalis donis Sesaxeb. Hhendoveri 

xorcieldeba mxolod mosalodneli donis safuZvelze, e.i. 900mhc-

ian fiWaSi realurad gazomil dones akldeba gansazRvruli 

mniSvneloba da Tvlian, rom swored aseTi done eqneba signals 

1800mhc-ian fiWaSi. bunebrivia, rom aseTi meTodis gamoyeneba 

SesaZlebelia mxilod 1800mhc-iani fiWebiT Zalian mWidrod 

dafaruli teritoriis SemTxvevaSi. Mmagram asseT SemTxvevaSic ki 

SeerTebis gawyvetis albaToba Zalian didia. 

   Aamrigad, SeiZleba gavakeToT Semdegi daskvna. TanamimarTuli 

seqtorebis pirobebSi ordiapazoniani mobiluri qselis asagebad 

ZiriTad midgomad azri aqvs gamoviyenoT meore midgoma, e.i. 

ganisazRvros 1800mhc-iani fiWebis prioriteti da ganxiluli 

meqanizmi gamoviyenoT trafikis marTvisaTvis. rig SemTxvevaSi 
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mizanSewonilia aikrZalos mobiluri terminalis momsaxureba 

lodinis reJimSi 1800mhc-iani fiWebisaTvis da ganvixiloT fiWebi 

orsixSiriani  transiverebiT, rogorc fiWa erTiani resursiT. 

    ganvixiloT iseT opciis efeqturoba, romelic amcirebs 

interferencias mobilur qselSi. sixSiris fsevdo albaTuri 

gadawyoba saSualebas iZleva miviRoT Semdegi Sedegebi. Nnaxaz 2.9-

2.10-ze mocemulia mobiluri qselis sacdel monakveTze, sadac 

aRniSnuli opciaa gaaqtiurebuli  CunSR da TAsFR_radio 

parametrebis mniSvneloba. ordinatTa RerZze gadazomilia 

maqsimalur mniSvnelobasTan SefardebiT CunSR da TAsFR_radio-is 

normirebuli mniSvneloba, xolo abscisaTa RerZze dro 

(gamoiTvlebis dros mxedvelobaSi miiReboda 12-00-dan 23-00-mde 

drois Sualedi). rogorc aRniSnuli grafikebidan Cans, sixSiris 

fsevdo albaTuri gadawyoba saSualebas iZleva 15%-iT 

gaumjobesdes  CunSR parametri (es aris fardobiTi da ara 

absoluturi mniSvneloba, romliTac es maCvenebeli Semcirda), 

xolo TAsFR_radio – ki praqtikulad 2-jer gaizarda. 

    miRebuli Sedegebi saSualebas iZlevian vilaparakoT sixSiris 

fsevdo albaTuri gadawyobis gamoyenebis efeqturobaze. 

gansakuTrebiT mniSvnelovania am opciis moqmedeba TAsFR_radio 

mniSvnelobaze da rogorc Sedegi mcirdeba CunSR mniSvneloba. 

    rogorc zemoT iyo aRniSnuli cvladi gamosxivebis gavlena 

ukeTesia Sefasebuli iqnes radio arxis mdgomareobiT. aseTi 

Sefasebis erT-erT kriteriumad SeiZleba gamoyenebuli iqnes 

RXQUAL=0, RXQUAL=1...3 da RXQUAL=4…7. naxazebze 2.11-2.13 

naCvenebia RXQUAL=0, RXQUAL=1...3 da RXQUAL=4…7 –is  

cvalebadobis wili pirdapir da uku mimarTulebaSi. 
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Nnax. 2.9 CunSR-is normirebuli mniSvnelobis damokidebuleba 

droze 

 

 

nax. 2.10 TAsFR_radio-s normirebuli mniSvnelobis damokidebuleba 

droze 
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Nnax. 2.11 RXQUAL=0 –signalis wilis damokidebuleba droze 

 

Nnax. 2.12 RXQUAL=1–signalis wilis damokidebuleba droze 

 

   rogorc moyvanili naxazebidan Cans cvladi gamosxivebis CarTvis 

Semdeg RXQUAL=0 signalis gamosxivebis done gaizarda 1.5%-iT. 

daaxloebiT igive mniSvnelobiT Semcirda signalis gamosxiveba 

doniT RXQUAL=1..3. es faqti da aseve is, rom RXQUAL=4…7 

signalis wili ar Seicvala, saSualebas gvaZlevs gavakeToT 

daskvna, rom moxda signalebis gadanawileba RXQUAL-is 
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mniSvnelobis gaumjobesebis mimarTulebiT. amrigad cvladi 

gamosxivebis gamoyeneba saSualebas iZleva gavzardoT ukeTes 

xarisxiani signalis wili, e.i. gavaumjobesoT SeerTebis xarisxi, da 

rekomendirebulia gamoyenebul iqnas im pirobebSi Tu ar arsebobs 

raime SemzRudavi faqtori. miT umetes am SemTxvevaSi xarisxis 

iseTi maCveneblebis, rogoricaa SDAsFR, SDCDR, TAsFR, TCDR da 

CunSR  mniSvnelovani cvlileba ar xdeba. 

 

Nnax. 2.13 RXQUAL=4 . . 7% –signalis wilis damokidebuleba droze 

CarTuli DTX-is dros 

 

2.7D daskvnebi meore TavTan dakavSirebiT  

 

   ganxilul iqna “bilainis” mobilur qselSi xarisxis Sefasebis 

ZiriTadi meTodebi, rogoricaa: 

- satesto gamoZaxebebi anu draiv-testebi; 

- trasirebis analizi; 

- mobiluri qselis kontroleridan miRebuli statistikuri 

informaciis damuSaveba. 

   TiToeuli es meTodi saWiroa mobiluri qselis mdgomareobis 

sruli informaciis misaRebad. isini avseben erTmaneTs, magram rigi 
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ganxiluli Taviseburebebis gamo, ZiriTds warmoadgens bolo 

meTodi. Mmisi gamoyeneba ganapirobebs xarisxis maCveneblebis 

gansazRvris aucileblobas, romelTa saSualebiTac xdeba 

mobiluri qselis Sefaseba. ZiriTad maCvenebels warmoadgens 

warumatebeli SeerTebis procenti – CunSR, romlis 

SemadgenlobaSi Sedian: 

1. SDAsFR – warumatebelad daniSnuli marTvis arxis procenti; 

2. SDCDR -  marTvis arxSi gamoZaxebis arsebobis dros 

SeerTebis gawyvetis procenti; 

3. TAsFT – trafikis arxis warumarebeli daniSvnis procenti; 

4. TCDR -  trafikis arxSi gamoZaxebis arsebobis dros 

SeerTebis gawyvetis procenti. 

   Aarsebobs aRniSnuli indikatorebis gamoTvlis ori meTodi – 

uds-Si da  integralurad drois raRac SualedSi (rogorc wesi 

kvira). rogorc praqtika gviCvenebs erT-erTi meTodis gamoyeneba 

araa sakmarisi mobiluri qselis Sefasebis obieqturi suraTis 

misaRebad da mizanSewonilia orive maTganis gamoyeneba. 

    yvela  opciis gamoyeneba mimarTulia CunSR maCveneblis 

Sesamcireblad, magram TiToeuli opcia saSualebas iZleva 

Seamciros xarisxis indikatoris erTi (zogjer ramodenime) 

Semadgeneli. 

     TiToeuli opciis praqtikuli gamoyenebis Sedegebi gviCveneben 

maTi gamoyenebis efeqturobas da aucileblobas: 

- Teoriulad reJimi Half Rate saSualebas iZleva mobiluri 

qselis tevadobis gaormagebas, magram SezRudvebis gamo 

mizanSewonilia  mobiluri qselis proeqtirebis dros Half 

Rate reJimSi momuSave trafiki SeizRudos (20-30)%-is 

farglebSi; 

- pirdapiri gadadaniSnulebis procedura saSualebas iZleva 

mobiluri qselis tevadoba gaizardos 25%-mde; 

- ordiapazoniani mobiluri qselis awyoba saSualebas iZleva 

fiWis resursis gamoyenebis efeqturoba gaizardos 5%-mde; 
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- sixSiris fsevdo albaTuri gadawyobis gamoyeneba saSualebas 

iZleva CunSR mniSvneloba gaizardos 15%-iT, xolo  

TAsFR_radio–s mniSvneloba praqtikulad orjer; 

- cvalebadi gamosxivebis gamoyeneba ar iZleva iseT aSkara 

mogebas, rogorc danarCeni opciebi, magram saSualebas 

gvaZlevs (1.5-2)%-mde gavzardoT signalebis wili doniT 

RXQUAL=0. 

   saWiroa aRiniSnos, rom aucilebelia dakvirvebuli 

midgoma TiToeuli opciis asawyobad da aucileblobis 

SemTxvevaSi dainergos mobilur qselSi, gaTvaliswinebuli 

unda iqnes mobiluri qselis ganviTarebis etapi da sxvadasxva 

gare SemzRudveli faqtorebi, sxva mxriv mobilur qselSi 

situaciis gaumjobesebis nacvlad SeiZleba miviRoT xarisxis 

rigi maCveneblebis gauareseba. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 85

Tavi 3. GSM standartis qselebisaTvis  

gamtarunarianobis gazrdis algoriTmebi 

 

 3.1 Sesavali 

     imisaTvis, rom mobilur qselebSi gadavWraT praqtikuli 

amocanebi, romlebic dakavSirebulia gadatvirTulobasTan, 

sakmarisi araa viwinaswarmetyveloT da prognozireba gaukeToT maT 

gamovlenas. aseve aucilebelia iseT moqmedebebs mivmarToT, 

romlebic saSualebas mogvcems momsaxurebis dros adgili ar 

hqondes uarebs. arsebobs ori meTodi distanciurad da sakmaod 

mcire droSi vuzrunvelyoT saWiro tevadoba, esaa gavaaqtiuroT 

naxevarsiCqariani kodirebis reJimi, an logikuri parametrebis 

awyobis xarjze gadavanawiloT mezobeli mcired datvirTuli 

fiWis resursi  gadatvirTulobadi fiWis sasargeblod. ramdenadac 

naxevarsiCqariani kodirebis reJimis avtomaturi aqtivizaciis 

ganxilva ar warmoadgens sainteresos, amis garda es reWimi 

gadatvirTulobad fiWebSi yovelTvisaa  gaaqtiurebuli, amitom am 

TavSi ganvixilavT resursebis gadanawilebis sakiTxebs, kerZod 

“pirdapiri gadadaniSnulebis” proceduris awyobis algoriTms, 

romelic saSualebas iZleva SevamciroT gadatvirTulobebi ise 

rom xarisxis sxva ZiriTad maCveneblebze zemoqmedeba iyos 

minimaluri. A  amis garda dasabuTebuli da gaanalizebulia 

salaparako da paketur trafikebs Soris resursebis gadanawilebis 

erT-erTi midgoma, romelic saSualebas iZleva vuzrunvelyoT 

paketuri meTodiT monacemTa gadacema, Tanac gavlena salaparako 

momsaxurebis xarisxobriv maCveneblebZe praqtikulad iyos 

SeumCneveli, rac imas niSnavs, rom gavzardoT mobiluri qselis 

gamtarunarianoba miwodebuli momsaxurebis saxeobebis 

TvalsazrisiT.   
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3.2  pirdapiri gadadaniSnulebis procedurebis 

gavlena qselis xarisxobriv maCveneblebze 

   momuSave fiWaSi maRali datvirTvis arsebobisas rogorc wesi 

xdeba “pirdapiri gadadaniSnulebis” inicireba. amitom dadebiTi 

efeqtis garda, rogoricaa gadatvirTulobis Semcireba, “pirdapiri 

gadadaniSnulebis” gamoyenebas SeiZleba hqondes uaryofiTi efeqti 

– laparakis dros SeerTebis gawyveta (SemdgomSi ubralod 

SeerTebis gawyveta), rac aranakleb uaryofiTad vidre 

gadatvirTuloba aRiqmeba abonentis mier. Aaqedan gamomdinareobs, 

rom Zalian faqizad unda miudgeT mobiluri qselis logikuri 

parametrebis gadawyobas. winaaRmdeg SemTxvevaSi yvela misawvdomi 

saSualebebiT erTi parametris Semcirebam SeiZleba gazardos 

meore. e.i. saWiroa kompromisi gadatvirTulobebis Semcirebasa da 

SeerTebis gawyvetis mniSvnelobis zrdas Soris. 

   aRniSnuli amocanis gadasawyvetad aucilebelia: 

- uarisTqmis albaTobis gasaTvlelad moiZebnos analitikuri 

damokidebuleba, sadac gaTvaliswinebuli iqneba zonebis 

gadafarva: 

- davamtkicoT masi praqtikuli arseboba; 

- ganisazRvros analitikuri damokidebuleba SeerTebis 

gawyvetis procentis gasaTvlelad: 

- moiZebnos xarisxis integraluri maCvenebeli – warumatebeli 

SeerTebis procenti: 

- ganisazRvros  “pirdapiri gadadaniSnulebis” proceduris 

awyobis algoriTmi.  

       arsebiTad Signal_levmin mniSvneloba gansazRvravs “pirdapiri 

gadadaniSnulebis” proceduris dros fiWebis gadafarvis zonas. e.i. 

rac ufro mcirea am parametris mniSvneloba, miT metia albaToba 

imisa, rom mobiluri terminalebis nawilma, romlebic momsaxurebas 

iReben gadatvirTulobadi fiWidan, miiRon resursi mezobeli, 

ufro mcired datvirTuli fiWidan. aRsaniSnavia, rom esaa dafarvis 

zonis logikuri Secvla. Ffizikurad (gamosxivebuli simZlavris 

TvalsazrisiT) dafarvis zonebi ar icvleba da mobiluri 
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terminalis qceva lodinis reWimSi rCeba ucvleli. Aamrigad, 

gadatvirTulobis Sesamcireblad ukeTesi iqneboda migveniWebina 

Signal_levmin=-110dBm (sabazo sadguris da mobiluri terminalis 

mimRebis mgrZnobiarobis done). Ees garantirebulad mogvcemda 

saSualebas, rom yvela mobiluri terminali, romlebsac SeuZliaT 

miiRon signali mezobeli fiWidan, miiReben mis resurss. arsebiTia, 

rom am SemTxvevaSi gadatvirTulobebis Semcirebisas, romelic 

gamowveulia cudi radio pirobebiT, gaizrdeba xarisxis sxva 

maCvenebeli – SeerTebis gawyvetis mniSvneloba. amasTan 

dakavSirebiT ismeba kiTxva, logikuri parametrebis ra mniSvneloba 

unda mivaniWoT?  sxva sityvebiT, ramdenad unda gavzardoT dafarvis 

zona xarisxobrivi maCveneblebis gauaresebis gareSe? Aam kiTxvaze 

pasuxis gasacemad saWiroa moiZebnos damokidebuleba 

gadatvirTulobebiT momsaxurebis dros uaris mniSvnelobas da 

SeerTebis gawyvetas Soris, rogorc funqcias gansazRvruli donis 

signalis wilTan, romelsac vuwodoT zRvruli. zRvruli done, es 

aris  signalis minimaluri done, romlis drosac mosalodnelia 

(dasaSvebia) abonentis momsaxureba. is damokidebulia garemos 

interferenciul suraTze, reliefis Taviseburebebze, Senobebis 

simWidroveze da sxva, da rogorc wesi ganisazRvreba empiriulad 

sxvadasxva statistikuri monacemebis damuSavebis safuZvelze. 

gaTvlebisaTvis zRvrul doned miviRoT -95 dBm. Signal_levmin  

mniSvneloba ganisazRvreba signalebis wiliT, romelTa done 

naklebia zRvrulze.  

 

3.2.1  “pirdapiri gadadaniSnulebis” procedurebis gavlena 

Uuarebis albaTobaze 

     erlangis cnobili formula umartivesi nakadisaTvis 

SekveTebis (gamoZaxebebis) Semosvlis intensivobiT  da 

momsaxurebis saSualo xangrZlivobiT 1/ amyarebs damokidebulebas 

uaris albaTobasa da dakavebul da miRwevad xazebs Soris (Cven 

SemTxvevaSi miRwevad da dakavebul taim-slotebs fiWaSi) [20,76]. 
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aRniSnuli formula gamtarunarianobis SefasebisaTvis SeiZleba 

gamoyenebuli iqnas izolirebuli fiWis SemTxvevaSi, radganac 

aRniSnuli maTematikuri modeli ar iTvaliswinebs mobiluri 

qselebis dagegmarebis da agebis ZiriTad princips - fiWebis 

gadafarvas. romlis gareSeTac SeuZlebeli gaxdeboda hendoveri da 

sxva procedurebi, romlebiTac xasiaTdebian mobiluri kavSiris 

qselebi. [54]-e naSromSi miRebulia formula, romelic saSualebas 

iZleva gamoiTvalos uaris albaToba gadafarvis zonebis 

gaTvaliswinebiT: 

 

 

   sadac N – fiWaSi taim-slotebis dasaSvebi raodenobaa; f – 

fiWaSi taim-slotebis dakavebaze moTxovnis albaTobaa;  – 

momsaxurebis saSualo xangrZlivobis Sebrunebuli parametria; K – 

fiWebis gadafarvis jeradobaa (daSvebulia, rom fiWas gaaCnia 

maqsimum oTxjeradi gadafarva, e. i. K= 4); Sk – fiWis farTobia, 

sadac SeimCneva fiWis K-jeradi gadafarva; Sf – fiWis farTobia. 

   (3.1) formuliT miRebuli Sedegebi kargad kolerildeba 

praqtikul mniSvnelobebTan. Nnax. 3.1-ze agebulia Teoriuli 

damokidebuleba PgaT(f)  da eqsperimentaluri monacemebi, rigi 

fiWebisaTvis, sadac gaaqtiurebulia “pirdapiri gadadaniSnulebis” 

procedura Nnax. 3.2-ze mocemulia uaris albaTobis 

damokidebulebis grafiki, romelic agebulia erlangis klasikuri 

formuliT (wyvetili mrudi) da 3.1 modificirebuli formulis 

mixedviT (uwyveti mrudi). rogorc moyvanili naxazebidan Cans 

fiWebis gadafarva saSualebas iZleva gaizardos gamtarunarianoba 

25%-iT. 
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  Aamrigad miRebuli da aseve [24,56,59,71] moyvanili  Sedegebi 

asabuTeben “pirdapiri gadadaniSnulebis” proceduris efeqturobas, 

romelic warmoadgens mobilur qselebSi uaris albaTobis 

Semcirebis an misi gamtarunarianobis gazrdis meTods. 

  (3.1) formulaSi Sk-s gamosaTvlelad saWiroa vicodeT 

rc=rkavSiri/rfiWa. ramdenaTac Signal_levmin ama Tu im mniSvnelobis 

dayeneba logokurad gansazRvravs am damokidebulebas, SeiZleba 

moiZebnos damokidebuleba PPgaTiSva –sa rc-dan, sxva sityvebiT 

Signal_levmin mniSvnelobidan, romelic Tavis mxriv gansazRvravs 

signalis wils zRvrulze naklebi doniT.  

   Nnaxaz 3.3-ze mocemulia  rc –s damokidebulebis praqtikuli 

Sedegebi zRvrulze naklebi donis signalis wilze da misi 

aproksimirebuli mrudi. regresiis hiperboluri koeficienti 

moZebnil iqna saSualokvadratuli gadaxris minimumis kriteriumis 

saSualebiT. miRebuli regresiis Sefaseba moyvanilia qvemoT 

Sesabamis paragrafSi. 

     miRebuli formulis CasmiT Sk-s gamosaTvlel gamosaxulebaSi 

miviRebT momsaxurebad fiWaSi PgaTiSva-s damokidebulebas mezobeli 

fiWis signalis wilidan zRvrulze naklebi doniT (ix. nax 3.4). 

rogorc naxazidan Cans uaris albaTuba miT ufro mcirea, rac 

metia “susti” signali mezobel fiWaSi, e.i. rac metia gadafarvis 

zona.  

 

Nnax. 3.1 damokidebuleba PgaT(lf)   
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nax. 3.2 uaris albaTobis damokidebulebis grafiki saaTSi 

gamoZaxebebis raodenobidan, 

 

Mnax. 3.3 rc –s damokidebulebis praqtikuli Sedegebi zRvrulze 

naklebi donis signalis wilze da misi aproksimirebuli mrudi 
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nax. 3.4 PgaTiSva-is damokidebuleba mezobeli fiWis signalis wilidan 

zRvrulze naklebi doniT 

3.2.2 “pirdapiri gadadaniSnulebis” procedurebis 

gavlenaUSeerTebebis gawyvetis mniSvnelobaze 

 

    [24,59,70,71] literaturaSi ar aris moyvanili “pirdapiri 

gadadaniSnulebis” procedurebis awyobis rekomendaciebi da 

aRniSnuli procedura ganxiluli iyo mxolod SeerTebis uaris 

albaTobis Semcirebis TvalsazrisiT. [57,58] literaturaSi aseve 

ganxilulia gavlena SeerTebis gawyvetis mniSvnelobaze. rogorc 

zemoT iyo aRniSnuli Zalian gadatvirTulobad seqtorebSi, 

rogorc wesi xdeba iZulebiTi “pirdapiri gadadaniSnulebis” 

proceduris inicireba, e.i. mobiluri terminali am SemTxvevaSi 

uares radiopirobebSi xvdeba. Ppraqtikul interess  warmoadgens 

ganvsazRvroT, ramdenad SesaZlebelia radiopirobebis gauareseba 

ise rom SevinarCunoT xarisxis maCveneblis mocemuli mniSvneloba. 

amisaTvis gaanalizda mobiluri qselis nawilis rigi seqtorebi, 

romelTaTvisac miRebul iqna SeerTebis gawyvetis mniSvnelobis 

damokidebuleba zRvrulze naklebi donis signalis wilze. Nnax. 3.5-
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ze mocemulia eqsperimentuli mniSvnelobebi da aproksimirebuli 

mrudi. rogorc wina SemTxvevaSi eqsponencialuri regresiis  

koeficienti moZebnil iqna saSualokvadratuli gadaxris (skg) 

minimumidan gamomdinare. 

  ramdenaTac “pirdapiri gadadaniSnulebis” procedurebis 

gamoyenebis dros uaris albaToba fasdeba momsaxurebad fiWaSi da 

SeerTebis gawyvetis mniSvneloba mezobel fiWaSi, wina paragrafSi 

uaris albaTobis funqciis argumenti gadaTvlili iyo mezobel 

fiWaSi zRvrulze naklebi donis signalis wilze. 

  Tu avagebT damokidebulebas uaris albaTobasa da SeerTebis 

gawyvetas Soris erTi da igive koordinatTa sistemaSi (radganac am 

SemTxvevaSi maT gaaCniaT erTnairi argumenti) da SevafasebT axal 

maCvenebels – warumatebeli SeerTebis wils, SeiZleba SevafasoT 

signalis ra wili SeiZleba gvqondes zRvruli donis qvemoT, e.i. 

ramdenad SeiZleba gavafarTovoT gadafarvis zona. Ees sami 

damokidebuleba mocemulia naxaz 3.6-ze. warumatebeli SeerTebis 

saWiro done miviRoT 2%-is tolad. Aam SemTxvevaSi imisaTvis, rom 

SevinarCunoT aRniSnuli mniSvneloba dasaSvebia gvqondes 15%-mde 

signali zRvruli donis qveviT. Aaqedan gamomdinare aucilebelia 

Sesabamisi meTodiT avirCioT logikuri parametrebi “pirdapiri 

gadadaniSnulebis” procedurebis awyobis dros. 

 

Nnax. 3.5 gawyvetis mniSvnelobis damokidebuleba zRvrulze naklebi 

donis signalis wilze 
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Nnax. 3.6 SeerTebis gawyvetis an warumatebeli SeerTebis 

mniSvnelobis damokidebuleba zRvrulze naklebi donis signalis 

wilze 

 

3.2.3 miRebuli regresiis koeficientebis Sefaseba 

     ganvixiloT moyvanili Sefasebebis mniSvneloba naxz 3.3 da 3.4-

ze moyvanili regresiis mrudebis agebisas da movZebnoT sandoobis 

intervali (sandoobis intervali esaa intervali romelSic 

mocemuli albaTobiT moiZebneba ucnobi parametris mniSvneloba). 

sandoobis  barieri miviRoT 95%-is tolad. rc-sa da SeerTebis 

gawyvetas Soris damokidebulebisaTvis regresiis keficientebi 

miRebul iqna saSualokvadratuli gadaxris (skg) minimumidan 

gamomdinare, e.i. saWiro iyo mogveZebna iseTi koeficientebi, 

romlebic moaxdendnen Semdegi funqciebis mimimizacias: 
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sadac y1i da  y2i   - Sesabamisad rc-s eqsperimentuli    da SeerTebis 

gawyvetis mniSvnelobebia, x1i  da x2i – doniT zRvrul mniSvnelobaze 

qveviT signalis wilis eqsperimentaluri mniSvnelobaa, a, b, c, d – 

regresiis koeficientebia. 

  (3.2) da (3.3) gantolebebis amoxsnam saSualeba mogvca gvepovna 

regresiis koeficientebi: 

a=-0.013 

b=1.96 

c=0.011 

d=3.94 

   movaxdinoT b da c koeficientebis Sefaseba, romlebic gavlenas 

axdenen im sazRvrebis gansazRvraze, sadac moxvedrilia 

eqsperimentuli monacemebi. Ppirvel rigSi aucilebelia SevamowmoT 

regresiis gantolebis miRebuli mniSvneloba, e.i. davadginoT, 

Seesabameba Tu ara napovni maTematikuri modeli, romelic or 

cvlads Soris damokidebulebas gamosaxavs, eqsperimentalur 

monacemebs. regresiis gantoleba a doneze mniSvnelovania, Tu 

sruldeba piroba [55]: 

 

     sadac QR  - kvadratul gadaxris jamze damokidebuli cvladia, 

romelic damokidebulia saSualo mniSvnelobidan da regresiiTaa 

ganpirobebuli, QC - kvadratul gadaxris jamze damokidebuli 

cvladia, romelic damokidebulia saSualo mniSvnelobidan da 

axasiaTebs gauTvaliswinebeli faqtorebis gavlenas, n – monacemTa 

raodenobaa, m – regresiis gantolebaSi cvladebis raodenobaa, 

Fa,k1,k2 fiSer-snedekoris (fiSeris kriteriumi – aposterialuri 

statistikuri kriteriumi, romelic gamoiyeneba variaciuli ori 

rigis dispersiis Sesadareblad, e.i. dispersiuli analizis dros 

jgufur gasaSualebul mniSvnelobebs Soris mniSvnelovani 
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gansxvavebis gansazRvrisaTvis. Ddispersia aris sidide, romelic 

axasiaTebs statistikuri anaTvlebis gabnevis xarisxs saSualo 

mniSvnelobasTan SedarebiT)F-kriteriumis cxriluri mniSvnelobaa 

[55].  

    SevitanT ra (3.4) gantolebaSi saWiro parametrebis Sesabamis 

mniSvnelobebs miviRebT, rom regresiis mrudisaTvis, romelic 

gansazRvravs rc, F=12.176, xolo F0.05,40.1=4.08. regresiis mrudisaTvis, 

romelic gansazRvravs SeerTebis gawyvetis damokidebulebas 

F=129.202. amrigad regresiis moZebnili gantolebebi arsebiTia da 

95%-iani albaTobiT agebuli damokidebuleba aRweren SeerTebis 

gawyvetis da rc-is qcevas. 

   ganvsazRvroT b da c parametrebis sandoobis intervali (3.2) da 

(3.3) gantolebis mixedviT, romlebic gansazRvraven regresiis 

mrudebis qcevas. sandoobis intervalis sazRvrebi ganisazRvreba 

Semdegi gamosaxulebidan [55]: 

 

  sadac  

 

 

t1-;n-2  - stiudentis t–kriteriumia (hipotezis statistikuri 

Semowmebis meTodebis zogadi saxelwodebaa, romelic dafuZnebulia 

stiudentis ganawilebasTan Sedarebaze. Oori anaTvlis saSualo 

mniSvnelobebis tolobaze Semowmeba t–kriteriumis kerZo 

SemTxvevaa) 
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  SevitanT ra (3.5) da (3.6) formulaSi yvela cvladis saWiro 

mniSvnelobebs, moviRebT sandoobis intervalis Semdeg sazRvrebs: 

bE0.814,                 (3.7)  

cE0.016.                  (3.8)  
  amrigad, 95%-iani albaTobiT rc-s mniSvneloba moTavsebulia (3.7) 

da SeerTebis gawyveta ki (3.8) gamosaxulebiT gansazRvrul 

sazRvrebSi. 

 
3.3 salaparako da paketur trafikebs Soris resursebis 

gadanawilebis parametrebis awyobis meTodika 

     Tanamedrove pirobebSi iseTi momsaxurebis popularobis 

zrdasTan damokidebulebiT, romelic dafuZnebulia monacemTa 

gadacemis paketur komutaciaze, mobiluri operatorebis winaSe 

dgeba arc Tu ise martivi amocana, gansazRvros arsebuli resursis 

gadanawilebis strategia or urTierT konkurent - monacemTa 

paketur gadacemis da   satelefono trafikis momsaxurebebs Soris, 

radganac orive momsaxureba iyenebs erT da igive fizikur resurss. 

praqtikulad mowyobilobis yvela mwarmoebeli kompaniebi 

saSualebas iZlevian xistad daafiqsiron ama Tu im 

momsaxurebisaTvis taim-sloti, e.i. moTxovnilobis da mixedviT, 

operators SeuZlia mTeli arsebuli tevadoba gamoyos monacemTa 

paketuri gadacemisaTvis (am SemTxvevaSi salaparako trafiki fiWaSi 

saerTos ar iqneba), an piriqiT akrZalon GPRS-Tvis taim-slotebis 

gamoyofa [17]. arsebiTad es ukiduresi SemTxvevebi ar moicavs 

yvela realur situacias, da praqtikaSi operators aucileblad 

unda hqondes SesaZlebloba mocemul momentSi situaciidan 

gamomdinare dinamiurad cvalos resursebi – an gamoyos taim-

slotebis didi raodenoba GPRS momsaxurebisaTvis, an piriqiT 

prioriteti gauwios xmovan momsaxurebas. amitom yvela 

mwarmoeblis programul uzrunvelyofaSi  arsebobs resursebis 

dinamiuri marTva. ganvixiloT aseTi marTvis ZiriTadi principebi 

[5,21,22,25,29,50,82].   

   umravles  SemTxvevaSi imis gadasawyvetad Tu ra resursi unda 

iqnes gamoyenebuli GPRS-Tvis dafuZnebulia fiWaSi mimdinare 
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datvirTvis SedarebasTan operatoris mier mocemul zRvruli 

datvirTvis donesTan. datvirTvad miiReba momsaxurebis tipis 

miuxedavaT dakavebuli taim-slotebis raodenoba. naxazz 3.7-ze 

grafikuladaa moyvanili GPRS-Tvis taim-slotebis gamoyofis 

procesi.  

  ganvsazRvroT ordinatTa RerZze gadazomili logikuri 

parametrebi, romelTa mniSvneloba saSualebas gvaZlevs dinamiurad 

vmarToT resursebis ganawileba. 

    HIGH_TRAFFIC – fiWis datvirTvis procentuli mniSvneloba, 

rodesac sistemis TvalsazrisiT is iTvleba Zalian datvirTulad. 

 

Nnax. 3.7 GPRS-Tvis taim-slotebis gamoyofis procesi.  

  MAX_PDCH – fiWaSi GPRS-Tvis gamoyofili taim-slotebis 

maqsimalurad SesaZlo raodenoba. 

  MAX_PDCH_HIGH_TRAFFIC - fiWaSi GPRS-Tvis gamoyofili taim-

slotebis maqsimalurad SesaZlo raodenobaa, im pirobiT, rom fiWa 

imyofeba maRali datvirTvis mdgomareobaSi. 

  MIN_PDCH - fiWaSi GPRS-Tvis myarad mimagrebuli taim-slotebis 

raodenoba. 

   avxsnaT is procesebi, romlebic mimdinareobs resursebis 

dinamiuri gadanawilebis dros, nax. 3.7-is Tanaxmad [11,30]: 
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  1 – fiWaSi gaaqtiurebulia GPRS risTvisac gamoiyeneba 1 taim-

sloti. 

  2 – paketuri trafiki izrdeba da radganac xmovani trafiki 

mcirea sistema saSualebas iZleva GPRS-Tvis dakavebuli iqnes 

yvela SesaZlo taim-sloti. 

  3 – xmovani trafiki iwyebs zrdas, saerTo datvirTva aWarbebs 

mocemul zRvars da sistemis TvalsazrisiT fiWa gadadis maRali 

datvirTvis mdgomareobaSi. 

  4 – xmovani trafiki agrZelebs zrdas, saerTo datvirTva jer 

kidev aWarbebs mocemul zRvars, GPRS-dan kidev erTi taim-sloti 

Tavisufldeba xmovani trafikis sasargeblod. im SemTxvevaSi Tu 

SenarCunebulia xmovani trafikis zrdis dinamika, maSin paketuri 

trafikisaTvis gamoyofili taim-slotebis raodenoba TandaTan 

mcirdeba sididemde, romelic MAX_PDCH_HIGH_TRAFFIC 

mniSvnelobiTaa aRniSnuli.  

  5 – xmovani trafiki mcired Semcirda, da fiWis saerTo 

datvirTva mcirea mocemul zRvarze. Mmagram misi mniSvneloba 

iseTia, rom fiWaSi  GPRS-Tvis taim-slotis gamoyeneba iwvevs 

zRvrulze gadametebas, amitom damatebiTi resursis gamoyofa 

paketuri trafikisaTvis ar xdeba. 

  6 – xmovani datvirTva agrZelebs Semcirebas, amasTan sistemas 

saSualeba aqvs aucileblobis SemTxvevaSi gamoyos damatebiTi 

raodenobis taim-slotebi paketuri trafikisaTvis. amasTan maTi 

raodenoba iseTia, rom sarerTo datvirTvam ar gadaaWarbos 

HIGH_TRAFFIC zRvrul mniSvnelobas. 

       aseve ucilebelia aRiniSnos kidev erTi opcia, romelic 

standartizirebulia da umravles SemTxvevaSi gamoiyeneba paketuri 

trafikis gadacemis dros momsaxurebis xarisxis asamaRleblad – 

esaa TBF(Temporary Block Flow    - blokebis droebiTi nakadi) – 

SeerTebis (delayed TBF release) damTavrebis dayovneba. am opciis 

ZiriTadi daniSnuleba mdgomareobs imaSi, rom ufro efeqturad, 

xaziT “qveviT” TBF – SeerTebis Warbi damyarebis gareSe, gadaices 

wyvetili paketuri trafiki, romliTac xasiaTdebian monacemTa 
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gadacemis gare qselebis Sluzebi da serverebi da romlebic 

Semodian sabazo sadguris qvesistemaze. aRniSnuli ganpirobebulia 

imiT, rom TBF xangrZliobis gazrdiT SeerTebis damyarebaze 

mcdeloba mcirdeba, da wyvetebis raodenoba ki rCeba igive, e.i. 

abonentis TvalsazrisiT situacia ar Secvlila, formalurad ki 

xarisxis maCveneblebis mniSvneloba SeiZleba gauaresdes. 

   amrigad, resursebis dinamiurad marTvis gaaqtiurebis pirobebSi 

aucilebelia ganisazRvros ZiriTadi logikuri parametrebis 

mniSvnelobebi, romlebic pasuxs ageben am opciis muSaobaze. 

dasawyisSi moviyvanoT Teoriuli gaTvlebi, romlebic saSualebas 

mogvcems gavarkvioT ra mniSvneloba unda hqondeT zemoT aRniSnul 

logikur parametrebs, xolo Semdeg Teoriulad miRebuli 

monacemebi davasabuToT ptaqtikuli SedegebiT. 

   Ppaketuri gadacemisaTvis uaris albaTobis gamosaTvlelad 

gamoviyenoT [11]-Si miRebuli Sedegebi: 

 

sadac: 

 U – paketuri trafikis gadacemisaTvis Senaxuli resursia da 

tolia paketuri trafikis Sefardebisa arxebis im raodenobasTan, 

romlebic gamoyofilia paketuri trafikis gadasacemad.  

 M – erT taim-slotSi TBF-is maqsimaluri mniSvnelobaa (miRebulia 

9-is tolad). 

N – monacemebis paketuri gadacemisaTvis (NGPRS) gamoyofili arxebis 

damokidebulebaa dakavebuli arxebis saerTo ricxvTan (Nsaer.). 

 

    MAX_PDCH_HIGH_TRAFFIC da  HIGH_TRAFFIC parametrebis 

mniSvnelobebi gansazRvraven NGPRS-is raodenobas. Aamrigad Tu 

vipoviT damokidebulebas    PgaT._GPRS(NGPRS) SeiZleba 

viwinaswarmetyveloT imis Sesaxeb, Tu taim-slotebis ra minimaluri 
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raodenoba unda iqnes gamoyofili GPRS momsaxurebis 

uzrunvelsayofad. 

   Nnaxaz 3.8-dan Cans, rom monacemTa paketuri gadacemisaTvis erTi 

taim-slotis gamoyofa iwvevs uaris albaTobis Semcirebas  GPRS 

momsaxurebisaTvis 20%-iT. 

 

nax. 3.8.  PgaT._GPRS  damokidebuleba NGPRS-ze 

 

    xmovani trafikis gadacemis upirobo prioritetis pirobebSi 

(strategia, romelsac dReisaTvis anxorcieleben mobiluri 

kavSiris yvela operatori), logikuria saerTod ar gamovyoT 

calkeuli taim-sloti GPRS momsaxurebisaTvis, magram rogorc 

praqtika gviCvenebs (romelic qvemoT iqneba naCvenebi), mobiluri 

qselis aseTi awyoba ar warmoadgens optimalurs. trafikis 

paketuri gadacemisaTvis Tu ar aris gaTvaliswinebuli resursi, 

faqtiurad operatori blokirebas ukeTebs GPRS momsaxurebas 

xmovani momsaxurebis didi trafikis dros. Uuaris albaTobis 20%-

iT Semcireba saSualebas iZleva, pirvel SemTxvevaSi mobiluri 

terminaliT qselTan ganxorcieldes sasamsaxuro informaciis 

gacvla, e.i. ar daikargos GPRS-is qseli lodinis reJimSi, 

magaliTad registraciis proceduris gansaxorcieleblad (Location 
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Update-s analogiurad xmovani trafikis SemTxvevaSi), da meores 

mxriv ganxorcieldes GPRS momsaxurebis sargeblobis 

SesaZlebloba. Aamrigad, Sedegebi, romlebic miRebulia (3.9) 

formuliT,  saSualebas iZleva davaskvnaT, rom paketuri 

trafikisaTvis aucilebelia davikavoT minimum erTi taim-sloti. 

   exla aRniSnuli amocana ganvixiloT praqtikaSi, 

eqsperimentaluri Sedegebis safuZvelze. amisaTvis “bilainis” 

mobiluri qselis sacdel monakveTze ganxorcielda parametrebis 

mniSvnelobis rigi cvlileba da aseTi eqsperimentis Sedegad 

dadginda Semdegi: 

1. yvela seqtorisaTvis, transiveris raodenobidan 

damoukideblad da Half Rate reJimis dros saWiroa davayenoT 

monacemebi cxril 3.1-is mixedviT. 

cxrili 3.1  

parametri mniSvneloba 

T-DYN 15 wm. 

UL_INIT_CS CS 2 

DL_INIT_CS CS 2 

MAX_PDCH_HIGH_TAFFIC 1 

N_TBF_PER_TS 1 

  

T_DYN-is mniSvneloba uSualod axdens gavlenas resursebis 

dinamiurad gadanawilebis siCqareze da misi arCeva saSualebas 

gvaZlevs minimizacia gaukeToT resursebis dinamiurad 

gadanawilebis xangrZliobas, e.i. aRniSnuli parametris aseTi 

mniSvneloba fiWis didi datvirTvis SemTxvevaSi saSualebas iZleva 

swrafad gamoTavisufldes resursi xmovani trafikis sasargebloT. 

aRsaniSnavia, rom 15wm. – praqtikulad mobiluri qselis yvela 

fiWisaTvis  minimalurad SesaZlo mniSvnelobaa, radganac ufro 

mcire mniSvneloba qmnis kontroleris procesorebze did 

datvirTvas, ramac SeiZleba gamoiwvios mobiluri qselis muSaobaSi 

Cavardnebi. magaliTisaTvis erT kontrolerze fiWebis 20%-ze 

SeiZleba aRniSnuli dro SevamciroT 5wm-de. 
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     UL_INIT_CS da  DL_INIT_CS mniSvnelobebi gansazRvraven 

kodirebis sawyis sqemas. Rogorc cnobilia [9,33] GPRS sistemebSi 

(EDGE teqnologiis gauTvaliswineblad) gamoiyeneba kodirebis ori 

sqema: CS1 da CS2. pirveli ufro xelSeSla mdgradia da misi 

gamoyenebisas sasargeblo informaciis gadavcema xdeba ufro mcire 

siCqariT, vidre CS2 kodirebis dros. operatori daayenebs, ra 

sawyis sqemad CS2 zrdis siCqares TBF-ze. ucilebelia aRiniSnos, 

rom aseTi awyoba mizanSewonilia mcired xmauriani radio arxebis 

dros. Tu ar aris radio arxebis xelSeSla mdgradoba 

garantirebuli, maSin mobiluri qselis am nawilSi sawyisad unda 

davayenoT UL_INIT_CS da  DL_INIT_CS parametrebi CS1-is tolad, 

xolo Semdeg moxdes CS2-ze gadasvla da Tu TBF-is gayenebaze 

gameorebebis raodenoba ar Seicvleba, SeiZleba UL_INIT_CS da  

DL_INIT_CS parametrebad davtovoT CS1. 

     N_TBF_PER_TS-is mniSvnelobis arCevis mizans aseve  warmoadgens 

TBF-ze siCqaris gazrda misi damyarebis dros, e.i. Tu arsebobs 

Tavisufali taim-sloti, maSin axali TBF-s daniSvna moxdeba axal 

taim-slotze. Tu ar aris Tavisufali taim-sloti, maSin TBF-is 

daniSvna moxdeba taim-slotze, romelic SeiZleba ukve 

gamoyenebuli iyo sxva momxmareblebis mier.  

2. MAX_PDCH da  MAX_PDCH_HIGH_TAFFIC mniSvnelobebi 

(gamoisaxeba procentebSi, rogorc fiWaSi yvela dakavebuli taim-

slotebis damokidebuleba taim-slotebis saerTo raodenobasTan, 

romlebic sasamsaxuro arxebiT araa dakavebuli) aucilebelia 

aviRoT seqtorSi transiverebis raodenobidan damokidebulebiT 

cxril 3.2-is mixedviT. 

 

 

 

 

 

cxrili 3.2 
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TRX/parametris raodenoba HIGH_TAFFIC MAX_PDCH 

1 TRX 83% 5 

2 TRX 92% 12 

3 TRX 90% 19 

4 TRX 93% 26 

5TRX 94% 34 

6 TRX 95% 41 

   amasTan ivaraudeba, rom mobiluri qselis seqtorebis ara 

nakleb 90%-s 1 TRX-iT gaaCniT 6 taim-sloti, romlebic araa 

dakavebuli sasamsaxuro arxebiT, 2 TRX-iT – 13 taim-sloti, 3 TRX-

iT – 21 taim-sloti, 4 TRX-iT – 28 taim-sloti, 5 TRX-iT – 36 taim-

sloti, 6 TRX-iT – 43 taim-sloti,  Tu transiverebis konfiguracia 

zemoT moyvanilisagan gansxvavebulia, maSin mizanSewonilia 

visargebloTSemdegi zogadi wesiT: 

- erT da or transiveriani seqtorebisaTvis, Half Rate reJimis 

arsebobis da miuxedavad, MAX_PDCH da HIGH_TAFFIC: 

     MAX_PDCH= TS raodenoba - 1, sadac TS – dasaSvebi taim-slotebis 

raodenobaa, romlebic ar arian sasamsaxuro arxebiT dakavebuli da 

   MAX_PDCH_HIGH_TAFFIC=100*( MAX_PDCH/ raodenoba TS)  

   -  sami da met transiveriani seqrorebisaTvis Half Rate reJimis 

arsebobis da miuxedavad:   

 MAX_PDCH= TS raodenoba – 2 

 HIGH_TAFFIC=100*( MAX_PDCH/ TS raodenoba)   

   Pparametrebis zemoT moyvanili mniSvnelobebi aseve gansazRvrul 

iqna eqsperimentaluri gziT, “bilainis” mobiluri qselis 

eqsperimentalur monakveTze Segrovili da damuSavebuli 

statistikis safuZvelze. Catarebuli gamokvlevebis mizans 

warmoadgenda optimaluri awyobis moZebna, rodesac mobilur 

qselSi xorcieldeba rogorc xmovani aseve paketuri trafikis 

gadacema. Ooptimalur awyobad miiReba iseTi awyoba, romlis 

drosac xdeba minimaluri zemoqmedeba upirvelesad  xmovani 

trafikis xarisxobriv maCvenebelze (TCH-is gadatvirTuloba),  da 

aseve GPRS trafikis xarisxobriv maCvenebelze (TBF-is 

warumatebeli daniSvna UL-ze).   
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   Emobiluri qselis eqsperimentalur nawilze (qselis fiWebis 

daaxloebiT 60%) ganxorcielebuli iqna Semdegi awyoba, romelic 

moqmedebda xmovani da GPRS trafikebs Soris resursis 

gadanawilebaze: 

  MAX_PDCH_HIGH_TRAFFIC=0 

   HIGH_TRAFFIC=83%  da   HIGH_TRAFFIC=93%  Sesabamisad 

erTtransiveriani da ortransiveriani seqtorebisaTvis, e.i. erTi 

taim-sloti datovebul iqna TadarigSi. 

   amasTan SerCeuli iqna iseTi seqtorebi, romlebzec ar 

arsebobdnen TCH-ze gadatvirTulobebi da minimum saSualod erTi 

taim-sloti iyo Tavisufali. e.i. yvelaze gadatvirTulobadi 

seqtorebi, romlebzec  MAX_PDCH_HIGH_TRAFFIC=0  dRis da Ramis 

saaTebSi gamoiwvevda GPRS momsxurebis SezRudvas, ar 

ganixileboda.   

 

Nnax. 3.9 PgaT._GPRS  ganawileba dReebis mixedviT 

     nax. 3.9-is ordinatTa RerZze gadazomilia PgaT._GPRS –is 

mniSvneloba, romelic praqtikaSi gamoiTvleba procentebSi 

warumatebeli TBF SeerTebebis mixedviT, gamowveuli UL 

mimarTulebaSi radioresursis ukmarisomiT. 

    aRniSnulma awyobam saSualeba mogvca mTel qselSi gagvezarda 

PgaT._GPRS-is mniSvneloba daaxloebiT 3-4%-iT (ix. Nnax. 3.9). amasTan 

TCH-ze gadatvirTuloba praqtikulad ar Secvlila. detalurma 

analizma aCvena, rom ZiriTadi wvlili modioda erTtransiverian  

da ramodenime ortransiverian seqtorebze (romlebic muSaoben Full 
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Rate reJimSi) datvirTviT 11-12 erlangTan siaxloves. unda 

vivaraudoT, rom UL TBF warumatebeli daniSvnis gazrda 

dakavSirebulia fiWis datvirTvis Sefasebis sakmaod did drosTan 

– daaxloebiT 15wm. aRniSnuli hipotezis Sesamowmeblad “bilainis” 

mobiluri qselis eqsperimentaluri monakveTis yvelaze 

gadatvirTulobadi  fiWis datvirTvis Sefasebis dro Semcirebul 

iqna 5wm-de (aparaturis rig mwarmoeblebis mier rekomendirebuli 

minimalurad SesaZlo dro xmovan da GPRS trafikebs Soris 

resursebis gadanawilebis algoriTmis programul uzrunvelyofaSi 

Sesasruleblad). Mmagram, rogorc naxazz 3.10-dan Cans ar moxda 

PgaT._GPRS-is mniSvnelobis mniSvnelovani cvlileba, magram SeimCneva 

mcire gaumjobeseba. grafikze “Cavardna” gamowveulia imiT, rom am 

periodSi paramerti MAX-PDCH-HIGH-TRAFFIC erTis toli iyo.   

    aRsaniSnavia, rom arCeuli iyo Half Rate reJimSi momuSave 

erTtransiveriani seqtorebi da maTze iqna  HIGH_TRAFFIC-is 

mniSvneloba gazrdili 92%-mde, e.i. TadarigSi rCeboda 0.5 taim-

sloti an sxva sityvebiT naxevar siCqariani kodirebis reJimiT 

erTi gamoZaxeba. rogorc nax 3.11-dan Cans miRweuli iqna  PgaT._GPRS –

is mniSvnelobis Semcireba. Mmagram miuxedavad aseTi 

gaumjobesebisa PgaT._GPRS –is mniSvneloba jer kidev rCeba maRali. 
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nax. 3.10 PgaT._GPRS –is mniSvnelobis ganawileba dReebis mixedviT 

nax. 3.11 PgaT._GPRS –is mniSvnelobis damokidebuleba droze 

  Aamrigad, PgaT._GPRS–is mniSvnelobis Semcireba ganpirobebulia  

MAX-PDCH-HIGH-TRAFFIC-is mniSvnelobis 1-dan 0-mde SemcirebiT. 

erTaderT dadebiT moments warmoadgens seqtoris 

gadatvirTulobis gamo warumatebeli hendoveris procentis 

Semcirebaa (ix. Nax. 3.12). magram aseTi gaumjobeseba arc Tu ise 

mniSvnelovania GPRS-is xarisxis gauaresebasTan SedarebiT. 

Aamitom fiWis maRali datvirTvis drosac ki mizanSewonilia 

davayenoT parametri MAX-PDCH-HIGH-TRAFFIC=1. mniSvnelovania 

aRiniSnos, rom MAX-PDCH-HIGH-TRAFFIC parametris mniSvneloba 

gvamcnobs taim-slotebis maqsimalur raodenobas, romelic 

SeiZleba gamoyofili iqnas GPRS trafikisaTvis, rodesac fiWa 

imyofeba maRali datvirTvis mdgomareobaSi, da mkacrad ar niSnavs 

GPRS trafikisaTvis erTi taim-slotis gamoyofas (taim-slotebis 

GPRS trafikisaTvis mkacrad gamoyofas aregulirebs parametric 

MIN_PDCH). im SemTxvevaSi Tu ar arsebobs GPRS trafiki 

aRniSnuli arxi SeiZleba gamoyenebuli iqnas xmovani trafikis 

gadasacemad. rogorc praqtikuli Sedegebi aCveneben, GPRS-is 
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aRniSnuli awyobis dros TCH-ze gadatvirTulobebi xmovani 

trafikisaTvis mniSvnelovnad ar icvleba. 

Nnax. 3.12 UnSucHO –is mniSvnelobis damokidebuleba droze 

 

  analizis CatarebisaTvis ara nakleb mniSvnelovania 

HIGH_TRAFFIC-is mniSvnelobis arCeva. naxazebze 3.13-3.17 moyvanilia 

PgaTiS.GPRS –is da drois mniSvnelobebis damokidebulebis grafiki, 

rodesac fiWebi imyofebian maRali datvirTvis mdgomareobaSi. Aam 

grafikebidan Cans am or damokidebulebebs Soris aSkara 

korelaciaa. e.i. davayenebT ra HIGH_TRAFFIC-s dabals, Cven 

dausabuTenlad sakmaod swrafad gadaviyvanT am fiWas maRali 

datvirTvis mdgomareobaSi, amiT vzRudavT GPRS-is xarisxs. Ee.i. 

MAX-PDCH-HIGH-TRAFFIC=0  PgaT._GPRS –is mniSvneloba praqtikulad 

emTxveva fiWis maRali datvirTvis mdgomareobaSi yofnis procents. 

Nnax. 3.18 aRniSnuli damokidebulebebi mocemulia mcired 

datvirTuli seqtorebisaTvis. naTelia, rom am SemTxvevaSi 

cvlilebebis Setana PgaT._GPRS –is mniSvnelobaze aranairad ar 

moqmedebs. Aamrigad azri ara aqvs HIGH_TRAFFIC-is mniSvneloba 
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davayenoT Zalian dabali, radganac davayenebT ra 83%-s 

HIGH_TRAFFIC-s mniSvnelobas  erTtransiveriani seqtorisaTvis da 

92%-sac ki (Half Rate reJimSi momuSave erTtransiveriani 

seqtorisaTvis) TCH –ze gadatvirTulobebi mniSvnelovnad ar 

Seicvleba. 

 

Nnax. 3.13 PgaT._GPRS –is mniSvnelobis damokidebuleba droze, fiWis 

maRali datvirTvis dros 
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Nnax. 3.14 PgaT._GPRS –is mniSvnelobis damokidebuleba droze, fiWis 

maRali datvirTvis dros 

Nnax. 3.15 PgaT._GPRS –is mniSvnelobis damokidebuleba droze, fiWis 

maRali datvirTvis dros 
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Nnax. 3.16 PgaT._GPRS –is mniSvnelobis damokidebuleba droze, fiWis 

maRali datvirTvis dros 

 

Nnax. 3.17 PgaT._GPRS –is mniSvnelobis damokidebuleba droze, fiWis 

maRali datvirTvis dros 
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Nnax. 3.18 PgaT._GPRS –is mniSvnelobis damokidebuleba droze, fiWis 

maRali datvirTvis dros 

3.4 daskvnebi mesame TavTan dakavSirebiT  

 

     Catarebul iqna “pirdapiri gadadaniSnulebis” procedurebis 

gavlenis analizi mobiluri qselis ZiriTad xarisxobriv 

maCveneblebze: uaris albaTobaze da SeerTebis gawyvetis 

mniSvnelobaze. Ppraqtikuli Sedegebi da (3.1) modificirebuli 

formuliT Teoriuli gaTvlebi, romlebic iTvaliswinebdnen 

gadafarvis zonis zomebs aCvena, rom “pirdapiri gadadaniSnulebis” 

procedura warmoadgens efeqtur meTods mobiluri kavSiris 

qselebSi uaris alnaTobis Sesamcireblad, romelic saSualebas 

iZleva 25%-iT gaizardos qselis gamtarunarianoba. Aamis garda, 

veyrdnobiT ra eqsperimemtul monacemebs, miRebul iqna uaris 

albaTobis da SeerTebis gawyvetis mniSvnelobis damokidebuleba 

zRvrul doneze naklebi signalis wilidan, romelic axasiaTebs 

gadafarvis zonis sazRvrebs. Catarebul iqna Sefaseba da moZebnil 

iqna analitikuri gamosaxulebisaTvis regresiis koeficientebis 

ndobis intervali, romelic saSualebas iZleva gamoiTvalos 

damokidebuleba rc-sa da SeerTebis gawyvetas Soris. 
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   aRniSnuli damokidebulebis gamoTvlisaTvis gamoyenebul iqna 

“bilainis” mobiluri qselis monakveTi, romelSic arsebobdnen 

fiWebi, romlebic emsaxurebodnen teritoriebs abonentebiT rogorc 

“qalaquri” qceviT, aseve qalaqgareTa specifikaciiT. miRebuli 

Sedegebis safuZvelze, miviReT ra signalis zRvrul doned -95dbm, 

SeiZleba iTqvas, rom warumatebeli SeerTebis mniSvnelobis 2%-mde 

SenarCunebiT logikuri parametrebis gadawyoba, romlebic 

pasuxoben “pirdapiri gadadaniSnulebis” procedurebis muSaobas, 

iseTnairad unda moxdes, rom zRvrul doneze naklebi signalis 

wilma ar unda gadaametos 15%. arsebiTia, rom TiToeuli qseli 

xasiaTdeba sakuTari TaviseburebebiT, ris gamoc ganxiluli 

damokidebulebebs SeiZleba hqondeT naSromSi miRebul 

Sedegebisagan gansxvavebuli mniSvnelobebi. Mmagram “pirdapiri 

gadadaniSnulebis” procedurebis gavlena qselis xarisxobriv 

maCveneblebis analizis aRweril midgomas azri aqvs gamoyenebul 

iqnas qselis ama Tu im specifikisagad damoukideblad.   

   Llogikuri parametrebis marTvis SemoTavazebuli algoriTmis 

garda, romlebic pasuxs ageben “pirdapiri gadadaniSnulebis” 

procedurebze, GSM standartis qselebiSi gamtarunarianobis 

gazrdis mizniT, SemoTavazebul iqna qselis awyobis algoriTmi, 

romelic iTvaliswinebda GPRS teqnologias. Teoriuli analizis 

Catarebis da praqtikuli Sedegebis  safuZvelze SeiZleba iTqvas, 

rom sawyis awyobad, didi xmovani trafikis drosac ki  

mizanSewonilia dayenebul iqnas MAX_PDCH_HIGH_TRAFFIC=1, 

ramdenadac aRniSnuli mniSvneloba xmovan trafikze minimaluri 

gavlenis dros uzrunvelyofs GPRS momsaxurebaze miRwevas. 

mniSvnelobis MAX_PDCH_HIGH_TRAFFIC=0, HIGH_TRAFFIC zRvris 

aweva da fiWis davirTvis Sefasebis drois Semcireba, amcirebs ra 

TBF warumatebeli daniSvnis situacias uku mimarTulebaSi, magram 

dauSveblad maRali rCeba am indikatoris xarisxis mniSvneloba. 

GPRS-isaTvis, fiWis maRali datvirTvis pirobebSi, resursis ufro  

efeqturi gamoyenebisaTvis mizanSewonilia davayenoT fiWis 
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datvirTvis zRvari maRali, e.i. SevasruloT rekomendacia 

HIGH_TRAFFIC-is mniSvnelobis dayeneba cxril 3.2-is mixedviT.  

   SemoTavazebuli algoriTmebi da ganxiluli logikuri 

parametrebi erTmaneTze gavlenas ar axdenen, amitom SesaZlebelia 

GSM standartis mobilur qselebSi gamtarunarianobis gazrdis 

mizniT maTi  erToblivi gamoyeneba. 

   damuSavebuli algoriTmebi SeiZleba gamoyenebuli iqnas qselis 

marTvis centridan xeliT awyobis dros. meore Taobis mobiluri 

qselebisaTvis gansakuTrebul praqtikul interess warmoadgens 

axali opciis damuSaveba, romelic saSualebas iZleva avtomaturad 

mimdinare situaciidan da  datvirTvis zrdidan gamomdinare, ise 

aawyos logikuri parametrebi, rom ufro efeqturad iqnes  

gamoiyenebuli arsebuli resursebi. Aam amocanis gadasawyvetad 

aucilebelia datvirTvis zrdis prognozirebisaTvis im 

maTematikuri modelis parametrebis ganisazRvra, romelic 

gamoyenebadi iqneba GSM standartis mobiluri qselebisaTvis. 
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Tavi 4. hendoverebi-s cvalebadobis intensivobis 

aRmoCenis albaToba da GSM standartis mobiluri 

qselebis gadatvirTulobis prognozireba 

 

4.1 Sesavali   

   Ggadafarvis zonebis gamoyenebiT mobiluri kavSiris qselebis 

agebisa da ganviTarebis dros, gadatvirTulobis Sesamcireblad, im 

SemTxvevaSi Tu momsaxurebad sabazo sadgurze gadafarvis zonaSi 

myofi abonentebisaTvis ar arsebobs Tavisufali arxebi, 

yovelTvisaa gaTvaliswinebuli  mezobeli sabazo sadgurebis 

resursis gamoyeneba. Mmagram aRniSnuli procesi xorcieldeba 

statistikurad, e. i. momsaxurebis centris operatori marTvis 

procesSi ama Tu im logikur parameters ise aniWebs gansazRvrul 

mniSvnelobas, rom ar icis, rogorc fiWis datvirTvis mniSvneloba 

da aseve gaurkvevelia saWiroa Tu ara raime RonisZiebis gatareba 

mezobeli sabazo sadgurebis resursebis gadasanawileblad. 

gansakuTrebiT didi qalaqebis SemTxvevaSi, Zalian xSirad, 

datvirTva icvleba Zalian swrafad, abonentebis qcevis 

cvlilebidan gamomdinare, rogoricaa gzebze “sacobebis” warmoqmna, 

masobrivi RonisZiebebis dawyeba da damTavreba da sxva. Aaqedan 

gamomdinare  Zalian didi praqtikuli mniSvneloba aqvs movaxdinoT 

datvirTvis sididis prognozireba, rogorc  sabazo sadgurebis 

gadatvirTulobis Sedegi. Aam TavSi ganxilulia prognozirebis 

meTodi, romelic dafuZnebulia abonentebis mobilurobis 

parametrebis cvlilebaze da sadac gaTvaliswinebulia GSM  

standartis mobilur qselebSi abonentebis adgilmdebareobis 

gansazRvris Taviseburebani. Aaseve gansazRvulia im maTematikuri 

modelis parametrebi, romlebic uzrunvelyofen mis gamoyenebas 

realur qselebSi. 
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4.2 GSM  standartis mobilur qselebSi abonentebis 

adgilmdebareobis gansazRvris Taviseburebani. 

   Mmiuxedavad imisa, rom arsebobs abonentebis adgilmdebareobis 

gansazRvris mravali meTodi, magaliTad sxvadasxva sabazo 

sadguridan miRebuli signalis donis Sesustebis Sedarebis meTodi 

[27], maTma ver hpoves farTo gamoyeba wamyvani mwarmoeblebis 

mowyobilobebSi, amitom ganvixiloT meTodi, romelic 

gansazRvrulia standartiT [41]. GSM standartis mobilur 

qselebSi mobiluri aparatebis muSaobis reJimidan 

damokidebulebiT abonentebi iyofian or jgufad – aqtiur 

(mobiluri terminalebi, romlebic imyofebian informaciis 

gadacemis reJimSi) da araaqtiuri (mobiluri terminalebi, 

romlebic imyofebian gamoZaxebis molodinis  reJimSi). Tavis mxriv 

sistema sxvadasxva sizustiT Tvalyurs adevnebs abonentebis 

gadaadgilebas.Aaraaqtiuri abonentebisaTvis adgilmdebareoba 

cnobilia e.w. zonis adgilmdebareobis (LA) sizustiT, romelic 

warmoadgens fiWebis jgufs (nax. 4.1) [1, 49].      

 

Nnax. 4.1 zonis adgilmdebareoba 

     zonis adgilmdebareobis identifikatoris Sesaxeb informacia 

(LAI) qselSi damaxsovrebilia abonentis adgilmdebareobis 
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registrSi (VLR) (es kvanZi, rogorc wesi qselis komutatorTanaa 

gaerTianebuli – MSC). rodesac mobiluri terminali (MC) 

gadakveTs ori mezobeli fiWis sazRvars, romelic ekuTvnian 

sxvadasva LA , is gadascems qselSi informacias axali LA-s Sesaxeb. 

es moxdeba mxolod im SemTxvevaSi Tu mobiluri terminali 

imyofeba molodinis reJimSi. informacia axali adgilmdebareobis 

Sesaxeb ar gadaicema, Tu ori LAC sazRvari gadakveTa aqtiurma 

mobilurma terminalma. es procesi ganxorcieldeba SeerTebis 

damTavrebis Semdeg. Tu mobiluri terminali gadakveTs fiWebs 

Soris sazRvars erTi LA-s zonaSi, is qselSi ar gadacems 

informacias am procesis Sesaxeb. Mmobilur terminalze Semomavali 

gamoZaxebis Semosvlis dros peijinguri Setyobineba gavrceldeba 

yvela im fiWaSi, romlebic ekuTvnian aRniSnul LA-s. imisaTvis, rom 

ar daikargos Semomavali gamoZaxeba, mobilur terminalSi 

periodulad, drois gansazRvrul momentebSi, ikiTxeba informacia, 

romelic gadaicema marTvis specialur – peijingis arxSi (PCH). 

rogorc ki mobiluri terminali gansazRvravs, rom mas ekuTvnis 

gamoZaxeba (peijingis brZanebaSi gadaicema unikaluri nomeri 

(mobiluri abonentis      saerTaSoriso identifikatori – IMSI), is 

amyarebs kavSirs sabazo sadgurTan.  

  qvemoT ganxilulia sistemis mier mobiluri terminalis 

adgilmdebareobis gansazRvris meTodebi, mobiluri terminalis 

gadaadgilebis Semdegi meTodebis dros molodinis reJimSi: 

1. erTi LA-s farglebSi fiWis Secvla. Mmobiluri terminalidan 

qselSi, fiWis Secvlis Sesaxeb aranairi informacia ar 

gadaicema. MC gansazRvravs, rom axali fiWa ekuTvnis igive LA-

s. MC adarebs  wina LA-s axalTan da Tu isini erTnairia, es 

niSnavs imas, rom MC-ma LA ar Seicvala da ar aris saWiro am 

procesis Sesaxeb qselis informireba. 

2. fiWis Secvla, romelic mdebareobs sxva LA-Si, magram 

miekuTvneba igive moZravi kavSiris komutaciis 

centrs/vizitoris adgilmdebareobis registrs (MSC/VLR). MC 

aanalizebs informacias, romelic gadaicema axali fiWis BCCH 
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(gadacemis logikuri marTvis arxi) arxSi, raTa ganisazRvros 

LAI. Semdeg adarebs miRebul LAI-s, LAI-is im mniSvnelobasTan, 

romelic damaxsovrevrebulia MC-is mexsierebaSi. Tu isini 

gansxvavdebian erTmaneTisagan, maSin miiReba gadawyvetileba 

Tavisi adgilmdebareobis registraciis Sesaxeb, e.i. e.w. 

adgilmdebareobis Secvlis (Location Update) proceduris 

dawyebis Sesaxeb. MC axdens qselTan SeerTebis inicirebas da 

SDCCH arxis gamoyenebiT xorcieldeba adgilmdebareobis 

Secvlis (Location Update) procedura, romlis Semdeg SeerTeba 

mTavrdeba.  

3. fiWis Secvla, romelic mdebareobs sxva LA-Si da miekuTvneba 

sxva MSC/VLR-s. ramdenadac MC-ma ar icis, rom igive MSC-s 

ekuTvnis Tu ara axali LAC-i, amitom mas Semdeg, rac MC –dan 

adgilmdebareobis Secvlaze miRebuli moTxovnis Semdeg, axali 

VLR axdens Semdeg moqmedebebs. VLP amowmebs aqvs Tu ara 

aRniSnuli MC-is Sesaxeb informacia.  Tu VLR-ma aRmoaCina, rom 

aseTi informacia mas ar gaaCnia, maSin is agzavnis moTxovnas 

HLR-Si (monacemTa baza, sadac inaxeba qselis yvela abonentis 

Sesaxeb informacia), raTa miiRos aRniSnuli MC-s monacemebis 

asli. HLR agzavnis VLR-Si moTxovnil informacias, aaxlebs 

Tavis bazaSi aRniSnuli MC-is axal adgilmdebareobas da 

ugzavnis brZanebas Zvel VLR-s, raTa waSalos aRniSnuli MC-is 

Sesaxeb informacia.  Aaxali  VLR imaxsovrebs mobiluri 

terminalis Sesaxeb informacias da agzavnis dasturis signals 

MC-ze proceduris warmatebiT damTavrebis Sesaxeb.  

    mobilur qselSi SeiZleba iyos ramodenime LA, magram erTi da 

igive LA ar SeiZleba miekuTvnebodes sxvadasxva MSC. zogadad 

mobiluri qselis mTliani struqtura SeiZleba warmovidginoT 

Semdegi saxiT (nax. 4.2). GSM qselis zonebs Soris mTliani 

ierarqiuli urTierTkavSiri SeiZleba warmodgenili iqnas naxaz 4.3-

ze mocemuli sqemis mixedviT.  
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    aRsaniSnavia, rom molodinis reJimi MC qcevis analizis 

TvalsazrisiT sakmaod mwiria, radganac mobiluri qselSi 

Segrovil statistikaSi aisaxeba mxolod adgilmdebareobis 

Secvlis proceduris warmoqmnis raodenoba e.i. SesaZlebelia 

vakontroloT registraciis mxolod Semomavali nakadi da mxolod 

erTi didi zonisaTvis (LA SeiZleba Seicavdes ramodenime aTeul 

fiWas). Aamitom GSM standartis mobilur qselebSi abonentebis 

mobilurobis detaluri analizisaTvis es reJimi ar gamodgeba. 

 

nax. 4.2 mobiluri qselis mTliani struqtura 

   aqtiur reJimSi mobiluri terminalis (MC) da sistemis 

urTierTqmedeba gacilebiT rTulia da is dawvrilebiTaa aRwerili 

[6,32]-Si. avRniSnavT mxolod, rom am SemTxvevaSi abonentis 

adgilmdebareoba cnobilia sizustiT fiWamde. rac saSualebas 

iZleva statistikuri informaciis safuZvelze yuradReba mivaqcioT 

Semomavali da gamavali hendoverebis raodenobas, ganisazRvros 

gamoZaxebebis raodenoba da sxva. gansakuTrebiT sainteresoa 
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Semomavali da gamavali hendoverebis nakadebis simWidrovis 

analizis SesaZlebloba. swored am informaciis safuZvelzi 

SeiZleba vimsjeloT mocemul fiWaSi resursebis gamoyofis 

moTxovnis zrdaze da gakeTdes prognozi gadatvirTulobis 

warmoqmnis Sesaxeb. 

 

 

Nnax. 4.3 GSM qselis zonebs Soris mTliani ierarqiuli 

urTierTkavSiri  

   Aamrigad, SemdegSi ganxiluli iqneba gadatvirTulobis zrdis 

prognozirebis algoriTmi im informaciis safuZvelze, romelic 

gaicvleba qselis elementebs Soris MC-is aqtiur reJimSi muSaobis 

dros.   

 

4.3 maTematikuri modelis aRwera 

M   masobrivi momsaxurebis TeoriaSi erlangis modelis farTod 

gavrcelebis gamo [54,76], SemdgomSi yvela analizisa da daskvnebis 

SemTxvevaSi igulisxmeba, rom sistemis qceva aRiwereba am 

maTematikuri modeliT.  aseTi miaxloebisas iTvleba, rom 

moTxovnebis Semomavali nakadi  aRiwereba puasonis kanoniT, xolo 
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TiToeuli moTxovnis momsaxurebis xangrZlioba 1/ eqvemdebareba 

eqsponencialur ganawilebas. amasTan Semomavali nakadis 

intensivoba fiWaSi abonentebis ricxvis proporciulia. 

   imisaTvis, rom movnaxoT erlangis kanonis ganawileba 

aucilebelia SevadginoT gantoleba, romelbic aRweren markovis 

procesebis “dabadebas” da “daRupvas” t drois uwyveti parametriT, 

romelsac gaaCnia mdgomareobis sasruli raodenoba da TiToeul 

maTganSi drois usasrulod mcire SualedSi, SesaZlebelia 

sistemis gadasva mxolod mezobel mdgomareobaSi nulovani 

albaTobiT. Aamis gaTvaliswinebiT vRebulobT Semdeg 

diferencialur gantolebaTa sistemas [54,76]: 

 

  sadac, Pi (i=0,1,2,…N) – SeerTebis ricxvisaTvis albaTobis 

ganawilebaa momsaxurebad fiWaSi, N gamoZaxebebis maqsimalurad 

SesaZlebeli ricxvia, romelsac SeiZleba fiWa moemsaxuros. 4.1 

formuliT gamosaxuli gantoleba aRwers masobrivi momsaxurebis 

TeoriaSi erT-erT yvelaze gavtcelebul models, sistemas rigis 

gareSe, e.i. im SemTxvevaSi Tu fiWaSi ar arsebobs Tavisufali 

resursi da Semovida moTxovna arxis gamoyofaze, momsaxurebaze 

miRebuli iqneba uari. 

    amovxsniT ra 4.1 gantolebaTa [76] sistemas miviRebT erlangis 

cnobil formulas: 

 

  4.2 paragrafSi aRwerili Taviseburebebidan gamomdinare, fiWaSi 

Semomavali hendoveris mizeziT, axali abonentis gamoCenis 
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albaToba t mcire drois SualedSi tolia hot. albaToba imisa, 

rom fiWidan t mcire SualedSi gamavali hendoveris mizeziT erT 

abonenti mainc datovebs fiWas iqneba hoit. intensivobis 

parametrebSi “ho” indeqsi mianiSnebs, rom isini miekuTvnebian, 

rogorc Semomaval aseve gamaval hendoverebs, e.i. mobilurobis 

parametrebs, radganac swored hendoverebis intensivoba axasiaTebs 

abonentebis mobilurobas, rac saSualebas gvaZlevs SevadaroT 

Teoriuli gaTvlebi, eqsperimentuli qselis monakveTis realur 

situacias. SevcvliT  ra  4.2  gamosaxulebaSi  

-sho-iT da -s, ho-iT miviRebT ganawilebas mobiluri 

abonentebisaTvis. 

   momsaxurebad teritoriaze abonentTa ricxvi, marTlac 

warmoadgens mobiluri kavSiris nebismieri sistemisaTvis 

mniSvnelovan maxasiaTebels, aranakleb yuradRebas imsaxurebs 

iseTi parametric rogoricaa qselis produqtiulobis parametri. 

[80,81] SromebSi gadasaWrel amocanas warmoadgenda erToblivi 

ganawilebis moZebna abonentebis ricxvsa da aqtiur SeerTebebs 

Soris. amasTan ivaraudeboda, rom fiWis farglebSi sistemis 

mdgomareoba aRiwereboda or ganzomilebiani markovis procesiT, 

romelTa mdgomareoba ganisazRvreboda parametrebiT (i,na), sadac i – 

fiWaSi abonentTa ricxvia da na – fiWaSi aqtiuri SeerTebis 

raodenobaa.  

   erlangis modelis SemTxvevaSi [81], gamartivebis 

gaTvaliswinebiT, romelic ganpirobebulia abonentze mcire 

xvedriTi datvirTviT (10-15 erlangis farglebSi), miRebul iqna 

Semdegi gamosaxuleba: 
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     miRebuli Sedegebis safuZvelze SeiZleba moinaxos 

gadatvirTulobis albaToba. nebismier fiWaSi arsebobs 

momsaxorebadi abonentebis N fizikuri zRvari, romelic 

ganisazRvreba Tavisufali taim-slotebis raodenobiT. ramdenadac 

umravles SemTxvevaSi nebismier operators aRelvebs sakuTari 

qselis aRqma abonentebis mier, amitom logikuria 

gadatvirTulobad SeiZleba gavigoT iseTi situacia, rodesac 

aqtiuri SeerTebis raodenoba na  tolia miRwevadi resursis 

raodenobis N. sxva sityvebiT, rodesac Semdegi moTxovna 

SeerTebaze ver iqneba dakmayofilebuli da abonenti miiRebs uars 

resursiT uzrunvelyofaze. am SemTxvevaSi  mTliani datvirTvis 

albaToba ganisazRvreba gamosaxulebiT: 

 

   zemoT moyvanili gamosaxulebis analizisas ZiriTad daskvnad 

SeiZleba CaiTvalos, rom gadatvirTuloba, romelic aRiZvreba 

abonentebis mier yvela arsebuli resursis dakavebiT, calsaxad 

dakavSirebulia mobilurobis parametrebis Sefardebaze ho/ho. 

aqedan gamomdinare logikuria vivaraudoT, rom am parametrebis 

Sesabamisi Sefasebis formireba saSualebas mogvcems 

viwinaswarmetyveloT gadatvirTuloba da es niSnavs, rom Cndeba 

zomebis miRebis SesaZlebloba, raTa Tavidan aviciloT aseTi 

situacia. SemdgomSi, [81]-Si Teoriuli gaTvlebiT miRebuli 

Sedegebis safuZvelze, miRebuli da Sefasebuli iqneba GSM 

standartis realuri qselisaTvis maTematikuri modelis 

parametrebi. 
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4.4 mobilurobis parametrebis intensivobis cvlilebis 

modeli da misi parametrebi GSM standartis 

qselisaTvis 

     ganvixiloT mobilurobis parametrebis cvlilebebis ZiriTadi 

SemTxvevebi. daviwyoT Semomavali hendoverebis ho  nakadis 

cvlilebiT. SeiZleba gamovyoT ori SemTxveva: 

1. intensivobis naxtomi, romelic Seesabameba umartives 

SemTxvevas, rodesac Semomavali hendoverebis intensivobis 

mniSvneloba icvleba ho1 -dan   ho2  -mde (nax. 4.4).  

 

Nnax. 4.4 Semomavali hendoveris intensivobis naxtomis 

damokidebuleba droze 

  aseTi modeliT SeiZleba aRiweros Semdegi realuri situaciebi: 

masobrivi RonisZiebis damTavreba da abonentTa ZiriTadi masis 

moZraoba erTi mimarTulebiT (metros sadguri, avtobusis gaCereba 

da sxva), erT-erTi sabazo sadguris gauTvaliswinebeli dazianeba, 

TviTmfrinavis an matareblis reisis moulodneli Secvala da sxva. 

2. intensivobis cvlileba xazuri kanoniT – fiWaSi Semomavali 

hendoverebis nakadi aRiwerebian xazuri kanoniT (nax. 4.5): 

     ho (t) = ho3  + ho4 * t  

 



 124

nax. 4.5 Semomavali hendoveris intensivobis xazuri cvlilebis 

damokidebuleba droze 

   aRniSnuli modeli srulyofilad aRwers iseT situacias, 

rogoricaa diliT an saRamos gzebze “sacobebis” warmoqmna, drois 

gansazRvrul momentSi aeroportSi an rkinigzis sadgurSi 

gamcileblebis an damxvedrebis misvla. 

   Eexla ganvixiloT gamavali hendoverebis ho intensivobis 

nakadis cvlilebis SesaZlo kanonebi: 

1. intensivobis naxtomi, romlis drosac gamavali hendoverebis 

intensivobis nakadi icvleba ho1  mniSvnelobidan      ho2   

mniSvnelobamde, e.i. SemTxveva nax. 4.4 sqemaze mocemuli 

magaliTis analogiuria.  

realuri situacias, romelic aRiwereba aRniSnuli modeliT, 

miekuTvneba romelime masobrivi RonisZiebis damTavreba da 

abonentebis Semdgomi moZraoba fiWidan, “sacobebis” warmoqmna 

da sxva. 

2. intensivobis ukuproporciuli kanoniT cvlileba. Aam 

SemTxvevaSi gamavali hendoverebis intensivobis nakadi 

icvleba Semdegi kanoniT: 

 

naxaz 4.6-ze mocemulia aseTi situaciis magaliTebi. 
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Nnax. 4.6 gamavali hendoveris intensivobis damokidebuleba droze 

    aRniSnuli modeliT SeiZleba aRiweros iseTi situaciebi 

rogoricaa “sacobebis” gawova, institutSi mecadineobis damTavreba 

da studentebis moZraoba metrosken da a.S.. 

    gamoviyenebT ra [81]-Si Teoriuli gaTvlebiT miRebul Sedegebs 

ganvsazRvravT GSM standartis realur qselebSi gamosadeg 

Semomavali da gamavali hendoverebis intensivobebis cvlilebebis 

aRmoCenis algoriTmebis parametrebs.  

     puasonis nakadis intensivobis naxtomis aRmoCenis da ucnobi 

parametrebis Sefasebis erToblivi algoriTmi miRebulia [53]-e 

naSromSi. neiman-pirsonis kriteriumze dafuZnebuli aRmoCenis 

algoriTmi SeiZleba ase Caiweros: 

  

  sadac H0 hipoTeza Seesabameba puasonis nakadis mudmiv 

intensivobas, H1 hipoTeza – intensivobis naxtoms, Nz – moTxovnebis 

saerTo ricxvs, romelic Semodis fiWaSi analizis [0,T] 

intervalSi, t – naxtomis warmoSobis  daSvebis momentia, nz(t) – 

moTxovnebis ricxvia, romelic Semodis [0,t] drois intervalSi. 

imisaTvis, rom vuzrunvelvyoT yalbi gangaSi mocemuli albaTobiT 

Pa zRvari unda aviRoT 

П=- ln(Pa).  

   parametrebis Sefasebis algoriTmi, romelic gansazRvrulia 

simarTlis maqsimaluri varaudiT  gamoisaxeba Semdegnairad: 

  H0 hipoTezis sasargeblod gadawyvetilebis miRebisas h01=Nz/T,  

xolo H1 hipoTeziT gadawyvetilebis miRebisas ki 
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   [53]-e naSromSi aseve mocemulia warmodgenili erToblivi 

algoriTmis analizi. 

   Ddidi raodenobis sacdeli anaTvlebis dros miiReba Semdegi 

gamosaxulebebi: 

H1 hipoTezis SecdomiT uaryofis albaToba tolia 

 

sadac ho1 – nakadis intensivobis namdvili mniSvnelobaa naxtomis 

momentamde, q = ho1/ho2 – naxtomis Semdeg daregistrirebuli nakadis 

intensivobis Sefardebaa naxtomamde nakadis intensivobasTan, t0/T 

– naxtomis  warmoqmnis momentia, 

 

moviyvanoT 4.8 gamosaxulebis analizi. Nnax. 4.8-ze mocemulia 

damokidebuleba P(ho1T) q (1.2-dan 1.5-mde) daSvebisas 0.5 da Pa = 

0.001. 
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Nnax. 4.7 Ps damokidebuleba h01T-ze 

   rogorc grafikidan Cans P -s mcire mniSvneloba (e.i. aRmoCenis 

algoriTmis saimedo muSaoba) miiRweva Semomaval hendoverebze 

moTxovnis 1000-3000 raodenobis dros. imisaTvis, rom SevafasoT 

analizis minimaluri intervali, saWiroa vipovoT Semomavali 

gamoZaxebebis savaraudo mniSvneloba, romelic arsebobs qselSi 

realur pirobebSi. Ees mniSvnelobebi SeiZleba Sefasdes Tu 

vixelmZRvanelebT Semdegi formulebiT: 

h0=2R. n
ν

ho= 2/ν /R 

sadac n- abonentebis ganawilebis zedapiruli simWidrovea, R – 

fiWis efeqturi radiusia, ν – abonentebis gadaadgilebis siCqarea. 

davuSvaT abonentebis gadaadgilebis siCqarea 5 km/sT-Si (e.i. 

ganvixiloT fexiT mosiarule abonentebi), fiWis efeqturi 

radiusidan damokidebulebiT (qalaqis realur pirobebSi GSM 

standartis qselebSi fiWis zomebi Seadgens 500-1500 metrs),  h0   da   

ho    Rebuloben Semdeg  mniSvnelobebs: 
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h0 y 15ab/wm.                          ho   y 1.8* 10  1/wm                roca R = 500 metri, 

h0  y    7.4ab/wm.                        ho  y   8.8* 10  1/wm                roca R = 1 000 metri, 

h0    y  5ab/wm.                             ho   y   5.9* 10  1/wm                roca R = 1 500 metri. 

   amrigad, SeiZleba davaskvnaT, rom qalaqis pirobebSi h0  icvleba 

5-dan 15 abonentamde wuTSi da fiWa emsaxureba daaxloebiT 8 400-8 

500 abonents. aRniSnuli cifrebi mtkicdeba Semdegi SefasebebiT. 

praqtikaSi rogorc wesi, zonas abonentebis potenciurad maRali 

aqtivobiT  emsaxureba didi tevadobis fiWa. kerZod praqtikaSi 

cnobilia SemTxvevebi, rodesac gansazRvrul zonas emsaxureba fiWa 

HalfRate reJimSi momuSave 43 arxi, e.i. sinamdvileSi arsebobs 86 

arxi. aseTi teadobis fiWa laparakis 30 wamiani xangrZlivobiT 

saaTSi SeiZleba moemsaxuros daaxloebiT 8 400-8 600 abonents. 

   Aamrigad, Tu davuSvebT, rom h0  = 15 ab/wm. da gaviTvaliswinebT 

hendoverze moTxovnis zemoT miRebul mniSvnelobas, gadatvgirTvis 

aRmoCenis algoriTmis saimedo muSaobis dro toil iqneba 100-300 

wams. 

    Semomavali hendoveris intensivobis nakadis xazuri kanoniT 

cvlilebis SemTxvevaSi hipoTeziT H0  warmoadgens situacias 

mudmivi intensivobiT, xolo H1 – hipoTeziT ki intensivobiT, 

romelic icvleba xazuri kanoniT. [81]-e naSromSi miRebulia 

intensivobis xazuri zrdis da ucnobi parametrebis Sefasebis 

erTdrouli aRmoCenis algoriTmi, romelic akmayofilebs neiman-

pirsonis kriteriums: 

    

 

da 
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[0,T] – analizis intervalSi nakadis arCeviTi dispersiis momentebia, 

da П – zRvari ganisazRvreba gamosaxulebiT:  

 

sadac hPa/2 – 1-Pa/2 normaluri standartuli kanonis  donis 

kvantilia, romelic gamoiTvleba cxrilebiT an miiReba   

 

gantolebis amoxsniT. 

   Pparametrebis Sefaseba, romelic miiReba maqsimaluri 

simarTlesTan axlos kriteriumis gamoyenebiT, aris Semdegi saxis: 

 

HH1 – hipoTezis SecdomiTi uaryofis albaToba SeiZleba 

gamoviTvaloT formuliT: 
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amasTan erTad yuradReba unda mieqces intensivobis xazuri zrdis 

grafikul gamosaxvaSi, romelic mdgomareobs imaSi, rom 

intensivobis mudmivi mdgeneli dakavSirebulia (mibmulia) drois 

SualedTan romelic tolia T/2 (nax. 4.8). 

  

Nnax. 4.8 Semomavali hendoveris intensivobis xazuri cvlilebis 

damokidebuleba T/2  droze 

   

   Nnaxaz 4.9-ze mocemulia damokidebuleba P(h03,T), rodesac 

Pa=0.001 da h04T/h04=0.2,0.4 da 0.6-is.  Tu h03-is mniSvnelobas 

vuwodebT intensivobis mudmiv mdgenels, maSin h04T/h04  Sefardebas 

SeiZleba vuwodoT mudmivi intensivobis mimarT Taviseburi saxis 

aRelveba. praqtikaSi hendoverebis moTxovnaze mxolod 

mniSvnelovani xazurma zrdam SeiZleba gamoiwvios 

gadatvirTulobebi, amitom ganvixilavT SemTxvevebs, rodesac 

h04T/h04=0.4,0.6. 

 

Nnax. 4.9 Ps damokidebuleba h03T-ze 
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   rogorc nax. 4.9-dan Cans Pmcire mniSvnelobebi miiRweva 

Semomaval hendoverebze moTxovnis 1 000-3 200 mniSvnelobebis dros. 

h0=10 ab./wm. intensivobisas, rogorc zemoT ganvsazRvreT 

analizisaTvis saWiro intervali Seadgens 100-250wm-s. 

   nakadis intensivobis cvlilebis da ucnobi parametrebis 

Sefasebis erToblivi algoriTmis miReba gamavali hendoveris 

SemTxvevaSi ufro rTulia, ramdenaTac am ukanasknelis SemTxvevaSi 

unda Catardes analizi uSualod Semomavali nakadis 

maxasiaTeblebze. aRniSnuli ar vrceldeba gamavali nakadis 

SemTxvevaSi, radganac misi intensivoba damokidebulia h0  da i (i – 

fiWaSi abonentTa ricxvia) parametrebis warmoebulze. h0  

cvlilebam zogad SemTxvevaSi iwvevs abonentebis ricxvis 

cvlilebas, amitom h0  parametris pirdapiri dinamiuri Sefaseba 

mxolod gamavali nakadisaTvis xdeba SeuZlebeli. 

gadawyvetilebebSi warmoiSveba kavSiri fiWaSi abonentebis ricxvis 

cvlilebis dinamikasTan, rac imas niSnavs, rom isini rTuldebian. 

detaluri analizi gviCvenebs, rom h0  parametris cvlilebis 

sidide ganisazRvravs gamavali puasonis nakadis ara marto 

amplitudas, aramed misi gardamavali procesis xangrZliobasac. 

aRniSnuli nakadi xdeba parametruli kavSiris mixedviT ara 

stacionaluri. rogorc zemoT iyo aRniSnuli, gansaxilveli 

modeli (4.5) SeiZleba ganxiluli yofiliyo iseTi situaciebis 

Sesafaseblsd, rogoricaa “sacobebis” warmoqmna. dasawyisSi xdeba 

manqanebis Segroveba, mcire farTobTan mimarTebaSi, da Semdeg 

“sacobi” izrdeba, romelic zrdis abonentis erT da igive fiWaSi 

yofnis dros. ramdenaTac h0  parametri ganisazRvreba, rogorc 

laparakis saSualo xangrZlivobis uku mniSvneloba, amitom h0   

parametris mniSvnelobebis analitikuri cvlilebebi SeiZleba 

aRiweros (4.5) formuliT. 

   Aaucilebelia aRiniSnos, rom ramdenadac gamavali hendoneris 

intensivobis nakadis naxtomi ((4.5) - is pirveli gamosaxuleba), 
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warmoadgens (4.5)-is meore gamosaxulebis kerZo SemTxvevas, amitom 

analizi Catarebul iqna mxolod zogadi SemTxvevis dros. 

   statistikuri analizis TeoriaSi situaciis farTo 

speqtrisaTvis naCvenebia, rom ori hipotezis gansxvavebis 

optimaluri meTodi mdgomareobs maqsimalur simarTlesTan axlos 

fiqsirebuli zRvriT SedarebaSi.  Pparametrul apriorul 

ganusazRvrelobis dros maqsimaluri simarTlesTan axlos 

damokidebuleba formirdeba Semdegnairad. ganisazRvreba, 

TiToeuli hipoTezisaTvis, albaTobis pirobiTi simkvrive, 

pouloben ucnobi parametrebis mixedviT maT maqsimums, da Semdeg 

iReben am simkvriveebis Sefardebas [74,81]. ramdenaTac dasaxuli 

amocanis pirobebi ar gansxvavdeba standartulisagan, aRniSnuli 

midgomis saSualebiT miRebul iqna asimptoturad optimaluri 

(rodesac anaTvlebis moculoba miiswrafis usasrulobisken) 

algoriTmi H0  da H1 hipoTezebis garCevisaTvis.   

 

   sadac  
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 – Semomavali hendoverebis ricxvia  [0,t) intervalSi, 

K(t0) – gamaval hendoverebze moTxovnebis ricxvia [0,t) intervalSi, 

t0 - maqsimaluri simarTlesTan axlos pirobiTi Sefasebaa, ucnob 

momentSi  warmoqmnili t0 arastacionaluri qcevisaTvis. 

 – fiWis SigniT abonentebis ricxvi/zonis analizis sawyis 

momentSi. 

   TviTon aRmoCenis algoriTms aqvs saxe: 

 

amasTan П  zRvari moiZebneba Semdegi gamosaxulebiT: 

  П(P) = -ln (P)                                                                 (4.16) 

 

Sefaseba xorcieldeba Semdegi formulebis Tanaxmad: 

 

H0 – hipoTeziT gamotanili gadawyvetilebis dros.  

     gamavali hendoveris intensivobis naxtomis pirobebSi H1 – 

hipoTeziT gamotanili gadawyvetilebis dros ki: 
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sadac  

 

h3 =0 pirobisas H1 hipoTeziT gamotanili gadawyvetilebis dros ki: 

 
 

sadac 

 

H1 – hipoTezis SecdomiT uaryofis albaToba tolia: 
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sadac  

 

Mmarkumis funqciaa [2]. 

Nnaxaz 4.10-ze mocemulia P(h0T) damokidebuleba qh02 da qh03  

sxvadasxva mniSvnelobebis dros. 

 

Nnax. 4.10 Ps damokidebuleba h0T-ze 

  rogorc naxazidan Cans qh02 da qh03  mniSvnelobebidan 

damokidebuli mcire (misaRebi) mniSvneloba miiRweva, 

maSin rodesac moTxovnis mniSvneloba gamaval hendoverze Seadgens 

1500-7000, rac h0=10ab/wm gansaxilveli intensivobis dros 

Seesabameba 150-700wm-s. 
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   zemoT ganxiluli damokidebulebebi da GSM standartis 

realuri sistemebisaTvis Catarebulma analizma, rogorc gamavali 

aseve Semomavali hendoverebis nakadebis cvlilebisas gviCvena, rom 

hendoverebis intensivobis cvlilebaze gadawyvetilebis misaRebad 

saWiro dayovneba Seadgens 100-300 wams. aRniSnuli dro daaxloebiT 

3-4-jer naklebia im droze, rodesac warmoiqmneba realurad 

SesamCnevi gadatvirTuloba, iseTi situaciebis dros, rogoricaa 

“sacobebi”, avariuli situaciebi da sxva. sxva sityvebiT, SeiZleba 

davasabuToT,rom hendoverebis cvlilebis naCvenebi algoriTmi, 

SeiZleba gamoyenebuli iqnes GSM standartis qselebSi 

hendoverebis intensivobis parametrebis Sefasebisas, imisaTvis, rom 

isini SemdgomSi gamoyenebuli iqnan gadatvirTulobebis 

winaswarmetyvelebis algoriTmad. 

 

4.5 urTierTkavSiri aqtiur abonentebis da potenciurad 

aqtiur abonentebis  raodenobebs Soris 

   mobilurobis parametrebi, romlebic axasiaTeben gamavali da 

Semomavali hendoverebis intensivobebs, mxedvelobaSi iReben 

mxolod aqtiur abonentebs, e.i. im abonentebs, romlebsac ukve 

dakavebuli aqvT qselis resursi. Mmagram amaT garda fiWis 

momsaxurebis zonaSi imyofebian abonentebi, romelTa mobiluri 

aparatebi imyofebian lodinis reJimSi, e.i. romlebic warmoadgenen 

potenciurad aqtiur abonentebs.  

   datvirTvis zrdasTan e.i. aqtiuri abonentebis raodenobis 

zrdasTan erTad, xdeba potenciurad aqtiuri abonentebis 

raodenobis cvlileba. arsebiTad aucilebelia aRniSnulis 

gaTvaliswineba datvirTvis gadanawilebis dros. aRniSnuli amocana 

gansakuTrebiT aqtualuria e.w. sacobebis warmoqmnis dros, 

rodesac abonentebi cdiloben gaafrTxilon TavianTi axloblebi 

dagvianebis Sesaxeb, an sagangebo situaciis dros. e.i. aucilebelia 

ganisazRvros Tanafardoba aqtiur da potencialurad aqtiur 

abonentebs Soris.  
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   Ddasaxuli amocanis gadaWrisaTvis gaanalizirebuli iqna 

statistikuri monaxcemebi, romelic Segrovil iqna kontroleris 

mier qselis eqsperimentalur monakveTze. Gganxilul iqna im 

mricxvelebis mniSvnelobebi, romlebic aRricxavda abonentebidan 

inicirebuli gamoZaxebebis raodenobas. Amrigad SeiZleba miviRoT 

hendoverebis raodenobis damokidebuleba, romelic modid erT 

gamoZaxebaze, e.i. saxva sityvebiT, davadginoT urTierTkavSiri 

fiWaSi arsebul aqtiur abonentebsa da potenciur gamoZaxebebs 

Soris, romlebsac ganaxorcieleben abonentebi, romlebic 

imyofebian aRniSnuli fiWis momsaxurebis zonaSi da mobilur 

aparats Soris, romelic imyofeba lodinis reJimSi. 

   Nnaxaz 4.11 moyvanilia miRebuli Sedegebi. rogorc Cans, 

Semomavali hendoverebis damokidebuleba gamoZaxebebis ricxvidan, 

romelic iwyeba fiWaSi, ZiriTadad imyofeba 0.5 dan 1.5 sazRvrebSi. 

sxva sityvebiT, fiWaSi potenciurad aqtiuri abonentebis 

raodenoba, da saWiro tevadoba, SeiZleba Sefasebuli 

iqnesSemomavali hendoverebis raodenobis safuZvelze, e.i. 

yvelanairi safuZveli gagvaCnia dauSvaT, romabonentebis raodenoba, 

romlebic fiWaSi axdenen gamoZaxebebis inicirebas, iqneba minimum 

(1.5-2.5)-jer meti vidre Semomavali hendoveri. 

 

Nnax.4.11 Semomavali hendoverebis damokidebuleba gamoZaxebebis 

raodenobidan 
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monacemebis gabneva, romelic mocemulia Nnaxazz 4.11-ze, 

ganpirobebulia qselis topologiaze damokidebulebiT da trafik-

modeliT. amrigad SeiZleba gavakeToT daskvna, imis Sesaxeb rom 

Semomavali hendoverebis cvlilebis Sefaseba saSualebas gvaZlevs 

SevafasoT abonentebis gamoZaxebebi, romlebic SeiZleba 

inicirebul iqnen qselSi.  

 

   4.6 GSM standartis qselebSi gadatvirTulobis winaswar  

    metyvelebis algoriTmi da misi parametrebi   

 

   4.3 paragrafSi naCvenebi iyo, rom abonentTa ricxvi, romlebic 

imyofebian fiWis moqmedebis zonaSi da SeerTebis damyarebaze 

moTxovnebis intensivoba erTmaneTTan dakavSirebulia xazuri 

kanoniT, e.i. adgili aqvs pirdapir damokidebulebasfiWaSi 

datvirTvis donesa da masSi abonentebis ricxvs Soris. Amis garda, 

4.5 paragrafis Tanaxmad im abonentTa ricxvi, romlebic axdenen 

fiWaSi gamoZaxebebis inicirebasaris minimum (1.5-2.5)-jer meti vidre 

Semomavali hendoveria, e.i. gadatvirTulobis prognozis 

algoriTmis praqtikuli realizaciis dros aucilebelia 

mxedvelobaSi miviRoT zemoT moyvanili Tanafardoba, da 

Sesabamisad unda iqnes gaTvlili saWiro tevadoba, romelic 

saWiroa gadsatvirTvis Sesamcireblad resursebis gadanawilebisas.  

    albaTuri procesebis Teoriidan cnobilia [75], rom Tu 

albaTuri procesi aRiwereba stoxastikuri diferencialuri 

gantolebiT, maSin gausis miaxloebaSi optimaluri Sefaseba iqneba, 

Sefaseba, romelic formirdeba gardamavali procesis 

damokidebulebis tendenciiT (an trendiT). trendis dasawyisSi 

procesis Sefaseba iqneba mimdinare drois momentisaTvis. Aamrigad, 

gadatvirTulobebis winaswarmetyvelebisaTvis saWiroa Sesabamisi 

gardamavali procesebis ganisazRvros analitikuri 

damokidebulebani. Tu mxedvelobaSi miviRebT Sefasebebis sakmariss 

sizustes, romelic formirdeba 4.4-Si miRebuli gamosaxulebebis 
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saSualebiT, da aseve, miviRebT ra mxedvelobaSi amonentebis 

mobilurebis Tvisebis cvalebadobas, SeiZleba miviCnioT 

samarTlianad gausis miaxloeba gadatvirTulobebis 

winaswarmetyvelebis eqsponencialuri Sefasebis formirebisas. Ees 

saSualebas gvaZlevs moZebnili analitikuri gamosaxulebebi 

gamoyenebuli iqnes intensivobis zusti mniSvnelobebiT Sefasebis 

nacvlad. 

   ZiriTadi parametri, romelic akavSirebs gamosaxulebebs 

gadatvirTulobebis eqstrapolirulebul mniSvnelobebTan, aris 

drois raRac moment tkr., romlis drosac datvirTvis 

winaswarmetyveluri done miaRweva gansazRvrul mniSvnelobas 

(dones), da romelsac uwodeben kritikuls. aseve aucilebelia 

ganxilul drois damatebiT momentSi tkr. – TsaS., sadac TsaS. saWiro 

drois minimaluri mniSvnelobaa, romelic saWiroa qselis 

resursebis gadanawilebisaTvis. 

   Aaucilebelia aRiniSnos, rom abonentTa mobilureba datvirTvis 

cvlilebis process fiWaSi qmnis sakmaod rTuls da 

safexurobrivs. amasTan SeiZleba gamovyoT ori etapi [81]. Ppirvel 

etapze xorcieldeba modelis parametrebis cvlileba, romelic 

aRwers Semomavali da gamavali hendoverebis intensivobebs. Mmeore 

etapze, aRniSnuli modelis parametrebis cvlilebidan 

gamomdinare,warmoiqmneba gardamavali procesi, romelic aRwers 

fiWaSi axali aqtiuri abonentebis raodenobas. 

   intuiciurad gasagebia, rom yvelaze adreuli gadawyvetileba 

gadatvirTulobis SesaZleblobis Sesaxeb SeiZleba miRebuli iqnes 

mobilurobis parametrebis cvlilebis safuZvelze. magram es 

gadawyvetileba iqneba yvelaze mcired saimedo da araefeqturi, 

radganac datvirTvis mcire droiTi amovardnebi (spleski) 

(magaliTad axali wlis dros) mivyavarT gadatvirTulobis 

gadawyvetilebaze da resursebis gadanawilebaze, da aseve 

signalizaciis mniSvnelovan gadatvirTulobaze, miT umetes, rom 10-

15 wuTiani darvirTvis amovardnaze, praqtikuli TvalsazrisiT 

reagirebas ar unda moxdes. Aamrigad, logikurad JRers fiWaSi 
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abonentTa ricxvis cvlilebis gardamavali procesis analizi, 

rasac mivyavarT gadatvirTulobebis saSiSroebis dadasturebis an 

uaryofis dasabuTebasTan. aRniSnuli etapi dafuZnebuli unda iyos 

e.w. kritikul datvirTvaze Ikr.  arsebiTad aRniSnuli etapis 

Catareba zrdis potencialuri gadatvirTulobis 

winaswarmetyvelebis gansazRvris albaTobas. amrigad, gadasawyveti 

xdeba amocana TiToeuli etapisaTvis ganisazRvros mosalodneli 

gadatvirTulobis prognozirebis algoriTmis parametrebi, aseve 

ganisazRvros orive etapis gamoyenebis aucilebloba. 

   pirveli etapis aucilebloba naTelia – saWiroa aRmovaCinoT da 

SevafasoT Secvlili modelis parametrebi, romelic aRwers 

abonentebis mobilurobas. Nnaxtomiseburi cvlilebis SemTxvevaSi 

dadebiTi gadawyvetilebis miReba potencialuri gadatvirTulobis 

Sesrulebis Sesaxeb miiReba  h0/h0  sididis SedarebiT raRac 

kritikul donesTan Pkr. Tu adgili aqvs Semomavali da damavali 

hendoverebis xazur cvlilebas, maSin SesaZlo gadatvirTulobaze 

gadawyvetileba miiReba im SemTxvevaSi Tu h0  an   h0  parametrebis 

Sefaseba iqneba nolze meti. 

   mas Semdeg rac aRmovaCenT gadatvirTulobis warmoSobis 

saSiSroebas, SeiZleba saWiro gaxdes aRniSnuli hipoTezis 

dasabuTeba gardamavali procesebis analizis safuZvelze, romelic 

mimdinareobs fiWaSi Semomavali hendoveris intensivobis 

cvlilebis, rogorc naxtomiseburi aseve xazuri maxasiaTeblis 

SemTxvevaSi. Nnaxaz 4.12-ze mocemulia axsna garmatebiTi magaliTi, 

saidanac Cans, risgan Sedgeba SemoTavazebuli gardamavali 

procesis analizi  intensivobis vardnis aRmoCenis Semdeg (es 

SemTxveva ufro TvalsaCinoa). 
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nax. 4.12 gardamavali procesis analizi intensivobis vardnis dros 

 

T momentSi xdeba pirveli etapis analizis dasruleba, e.i. 

miiRebagadawyvetileba Semomavali hendoveris intensivobis naxtomis 

warmoSobasTan dakavSirebiT. h0/h0    Tanafardoba, e.i. fiWaSi 

naxtomis damTavrebis Semdeg abonentTa raodenobis Sefaseba iqneba 

meti maqsimalurad dasaSveb mniSvnelobaze Imax. amasTan gardamavali 

procesi, dawyebuli  T momentidan SeiZleba aRweril iqnes 

eqsponencialuri mrudiT. Tu momenti tkr. imyofeba T momentidan 

marjvniv, maSin dakvirveba T momentidan  tkr.-mde SeiZleba 

gamoyenebul iqnes gadatvirTulobis warmoSobis hipoTezis 

dasabuTebisaTvis an uaryofisaTvis. Eei. aucilebelia miviRoT da 

gavaanalizoT gardamavali procesis saxe intensivobis cvlilebis, 

rogorc naxtomiseburi aseve xazuri cvlilebis dros.  

   zemoT mocemuli daSvebis (Semomavali nakadi aRiwereba puasonis 

kanoniT intensivibiT h0 ,  xolo gamavali puasonis  nakadiT  

intensivobiT h0 .i)  abonentTa raodenobis naxtomiseburi cvlileba 

aRiwereba dabadebis da gardacvalebis  markovis procesiT [76,79], 

romlebsac gaaCniaT Semdegi koeficientebi [81]: 
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    markovis aseTi procesi SeiZleba aRwerili iyos stoxastikuri 

gantolebiT: 

 

sadac ni(t) –  warmoSobili albaTuri procesia gausis TeTri 

xmauris saxiT erTjeradi ormxrivi simZlavris simWidroviT.  

   radgan praqtikaSi interess warmoadgens datvitTvis 

intensivobis ara marto naxtomiseburi cvlileba, aramed 

cvlilebis xazuri kanoni, amitom 4.21 gantoleba CavweroT zogadi 

saxiT: 

 

  rigi gardaqmnebis Semdeg [81], 4.22 gantolebis amonaxsni iqneba: 

    

intensivobis naxtomiseburi cvlilebis SemTxvevaSi 4.23 gantoleba 

gardaiqmneba Semdeg gamosaxulebad: 
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4.24-is pirveli Sesakrebi gviCvenebs imas, rom Semomavali nakadis 

intensivobis naxtomi gamoiwvevs fiWaSi gardamaval process. 

amasTan fiWaSi abonentTa ricxvi Seicvleba eqsponencialuri 

kanoniT manam, sanam ar miaRwevs axal mdgrad mniSvnelobas i(t)=IsaS.. 

cvlilebis analogiuri kanoni iqneba h0  parametris naxtomiseburi 

cvlilebis drosac. 

   Semomavali hendoveris intensivobis xazuri kanoniT cvlilebis 

dros Tu mxedvelobaSi miviRebT 4.22 gamosaxulebas: 

 

   

   Ggamosaxulebis pirveli Sesakrebi aRwers gardamavali procesis 

mudmiv mdgenels, romelic gviCvenebs Semomavali hendoveris dros 

droSi abonentTa raodenobis cvlilebas. Mmeore Sesakrebi 

gviCvenebs abonentTa raodenobis cvlilebis dinamikas damyarebuli 

reWimis dros, xolo mesame -  albaTuri komponentis mixedviT. 

   SesaZlebeli gadatvirTulobis winaswarmetyvelebisaTvis 

saWiroa visargebloT (4.24) da (4.25) gamosaxulebiT, romlebSic 

albaTuri komponentebi miRebulia nolis tolad. miRebuli 

gamosaxulebebis dasasabuTeblad SevadaroT Teoriuli Sedegebi 

GSM standartis qselSi realur situacias. 

   naxaz 4.13-ze naCvenebia Semomavali hendoverebis zrdis Teoriuli 

damokidebuleba, romelic aigeba (4.24) gamosaxulebiT da 

praqtikuli Sedegebi miRebuli mezobeli fiWis gaTiSvis dros (e.i. 

modelirebul iqna Semomavali hendoverebis intensivobis nakadis 

naxtomisseburi cvlilebis situacia). 
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nax. 4.13 Semomavali hendoverebis droze damokidebuleba 

  aRsaniSnavia erTi Tavisebureba: ramdenaTac qselis monitoringis 

praqtikuli amocanebisaTvis sruliad sakmarisia statistikis 

damuSaveba erTi saaTis intervaliT, rac saSualebas iZleva 

damatebiTi amocanebiT ar gadairvirTos qselis elementebi, amitom 

grafikze qselis eqsperimentuli elementebi gaSlilia 3600 wamze. 

magram, rogorc grafikidan Cans, sasazRvro wertilebSi Teoriuli 

damokidebulebebi da praqtikuli Sedegebi sakmaod kargad arian 

korelirebulni. es saSualebas gvaZlevs vivaraudoT, rom 

Sualedur wertilebSi Sedegebi koreqtulebi iqnebian da miRebuli 

formulebi SeiZleba gadatvirTulobebis winaswarmetyvelebisTvis 

gamoviyenoT. 

   analogiuri eqsperimenti Catarebul iqna Semomavali 

hendoverebis intensivobis xazuri cvlilebisas (nan. 4.14). rogorc 

wina SemTxvevaSi, statistikuri monacemebis Sekrebis 

Taviseburebebidan gamomdinare, ganxilul iqna Semomavali 

hendoverebis intensivobis cvlilebis sakmaod neli xazuri kanoni. 
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rac Seesabameba paraskebis saRamos Sualedis sacobebis neli 

warmoqmnis periods. ris ZiriTad mizansac warmoadgenda (4.25) 

gamosaxulebis gamoyeneba praqtikuli miznebisaTvis. 

   rogorc naxaz 4.14-dan Cans, am situaciaSic eqsperimentuli 

Sedegebi praqtikuli gamoyenebisaTvis sakmarisi sizustiT 

Seesabameba Teoriul Sedegebs. 

   amrigad, SeiZleba davaskvnaT, rom (4.24) da (4.25) formulebi 

mizanSewonilia gamoviyenoT SesaZlebeli gadatvirTulobebis 

winaswarmetyvelebisaTvis. 

 

nax. 4.14 Semomavali hendoverebis intensivobis xazuri cvlileba 

 

   rig SemTxvevebSi praqtikuli gamoyenebisaTvis cnobilia Ikr da 

saWiroa gaviTvaloT drois moment, rodesac es mniSvneloba iqneba 

miRweuli, romelic saSualebas gvaZlevs daviwyoT resursebis 

gadanawilebis procedura an gadatvirTulobebis dasabuTebis 

mesame etapi (Tu damtkicebuli iqneba misi aucilebloba). 81]-e 
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literaturis Tanaxmad am SemTxvevaSi SeiZleba visargebloT 

Semdegi gamosaxulebiT, Tu  

 

Ikr-ze intensivobis naxtomebis SemTxvevaSiMki, 

 

 

 

da  

 

im SemTxvevaSi Tu intensivobis cvlileba xdeba xazuri kanoniT. 

   unda aRiniSnos, rom bolo SemTxvevaSi daSvebul iyo, rom 

intensivobis xazuri cvlileba xorcieldeboda sakmaod nela da 

gardamavali procesi aswrebda dasrulebas kritikuli momentis 

dadgomamde. Tu aseTi piroba ar sruldeba, maSin zRvruli 

momentis miRwevis prognozi SeiZleba ganisazRvros  

 

gantolebis t cvladis amonaxsnis ricxviTi mniSvnelobiT. 

  rogorc avRniSneT, praqtikaSi SeiZleba saWiro iyos raRac Tk  

(koreqtirebis dro) droiTi Tadarigi im momentamde sanam ar 

miiRweva prognozirebadi abonentebis ricxvi Ikr, romelic iTxovs 

qselis resursebis gadanawilebas. Aam SemTxvevaSi, (4.26) da (4.27) 
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gamosaxulebebSi tkr-is mniSvneloba unda SevamciroT Tk 

mniSvnelobiT. aqedan gamomdinareobs, rom datvirTvis zRvruli 

mniSvnelobebi, gaTvlilni unda iqnas  tkr - Tk momentiT 

korelirebuli abonentTa mosalodneli raodenobiT.  

  Aamrigad, intensivobis naxtomis dros: 

 

Dda intensivobis xazuri cvlilebisas ki 

 

   imisaTvis rom ganvsazRvroT meore etapis mizanSewoniloba 

gadatvirTulobebis SesaZlebeli winaswarmetyvelebisaTvis, 

saWiroa ganisazRvros sruldeba Tu ara piroba tkr>T.  meore etapis 

gamoyenebas winaaRmdeg SemTxvevaSi azri ara aqvs. Aadre 

damtkicebul iqna, rom Semomavali hendoverebis intensivobis 20% 

zrdis dros analizis intervali unda iyos 100-500 wami. praqtikaSi 

gadatvirTulobebis winaswarmetyveleba gansakuTrebiT aqtualuria 

im fiWebisaTvis, romlebic emsaxurebian didi aqtiurobis mqone 

abonentTa zonebs. am SemTxvevaSi salaparako trafikis 

momsaxurebisaTvis rogorc wesi gamoiyofa 40-45 fizikuri arxi. 

TiToeul abonentze 0.7 erlangi datvirTvis dros fiWis mier 

momsaxurebuli abonentebis ricxvi (30%-iani maragis 

gaTvaliswinebiT) Seadgens daaxloebiT 5000. rogorc zemoT iyo 

aRniSnuli maRal intensivobad iTvleba h0=10ab/wm.-Si. Aaqedan 

miviRebT Sefasebis mniSvnelobas h0=10/5000=1/500wm. Ggardamavali 

procesi eqvemdebareba eqsponencialur kanons 1/h0  mudmivi droiT, 

romlis minimaluri raodenoba Seadgens 500 wams, rac daaxloebiT 

1.7-5 jer metia droze, romelic saWiroa Semomavali hendoverebis 

formirebisaTvis  dasabuTebuli SefasebisaTvis. Aamrigad, SesaZlo 

gadatvirTulobebis Semowmeba meore etapis dasabuTebisaTvis 

mizanSewonilia da gaaCnia praqtikuli mniSvneloba.   
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4.7 GSM standartis qselebSi statistikis Segrovebis 

principebi 

   rogorc zemoT iyo aRniSnuli GSM standartis mobiluri 

qselis mdgomareobis kontrolisaTvis misi elementebidan xdeba 

sxvadasxva informaciis Segroveba. Uufro konkretulad 

ganvixiloT, Tu rugor xdeba sabazo sadguris qvesistemaSi 

informaciis Segroveba, rac saSualebas mogvcems gavaanalizoT, 

davamuSaod da davnergoT wina paragrafSi ganxiluli 

gadatvirTulobebis prognozirebis algoriTmi.  

  statistikis safuZvels warmoadgens e.w. mricxvelebi, romelTa 

mniSvneloba izrdeba ama Tu im interfeisze gansazRvruli 

sasignali Setyobinebis Semosvlis dros. ramdenaTac qselis 

nebismier elementze TiToeul zemoqmedebas Tan axlavs 

interfeisze romelime Setyobinebis gagzavna, an miReba, amitom 

Teoriulad mricxvelis Cvenebis mixedviT mTlianad SeiZleba 

aRwerili iqnas qselSi mimdinare situacia. praqtikulad qselis 

yvela inerfeisis yuradRebis miqceva, masze informaciis Segroveba 

da damuSaveba did sirTules warmoadgens, amitom monacemebis 

Sesagroveblad sabazo sadguris qvesistemaSi gamoiyeneben qselis 

Semdeg elementebs – sabazo saddguri, kontroleri da marTvis 

centri, ix. Nnax. 4.15.  

 

Nnax. 4.15 statistikuri informaciis Segrovebis sqema 
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  Mmokled ganvixiloT infurmaciis Segrovebis meTodi. Ggazomvebis 

nawili (radio arxis mdgomareoba pirdapiri mimarTulebiT), 

romelic xdeba mobiluri aparatis mier, gadaecema sabazo sadgurs, 

romelic miRebul informacias umatebs Tavisi gazomvis Sedegebs 

(monacemebi radio arxis mdgomareobis Sesaxeb uku mimarTulebiT) 

da gaerTianebuli monacemebi gadaecema kontrolers. Kkontroleri 

amuSavebs miRebul monacemebs (mag. Hhendoveris Sesaxeb 

gadawyvetilebis miReba) da axdens mis damaxsovrebas. Ees 

informacia SeiZleba aRebul iqnas uSualod kontroleridan 

operatoris terminalis (Cveulebrivi leptopi) mierTebis 

saSualebiT an grovdeba marTvis centrSi specialur serverze. 

Uumravles SemTxvevaSi xdeba am ukanasknelis gamoyeneba, radganac 

am dros xdeba didi xnis ganmavlobaSi informaciis Senaxva da 

SesaZlebelia qselis yvela kontroleridan iqnes Segrovebuli 

informacia. marTvis centris operators aqvs SesaZlebloba gasces 

sxvadasxva brZaneba, romelic saSualebas iZleva Segrovdes 

informacia, aseve moxdes logikuri parametrebis cvlileba. 

   arsebobs mravali sxvadasxva statistika, romlebic SeiZleba 

aqtivirebul iqnan kontrolerze: movlenebi avariebis Sesaxeb, 

movlenebi ama Tu im procedurebis warmatebiT Sesruleba  da ar 

Sesrulebis Sesaxeb, radiogazomvebis statistikis Sesaxeb da a.S. 

rogorc wesi statistikis Segroveba SezRudulia kontrolerze 

procesis gamoTvlis SesaZleblobebis mixedviT, amitom yvela 

statistika mudmivad araa gaSvebuli. Nnaxaz 4.16-ze sabazo sadguris 

kontroleris (BSC) sqema. statistikuri monacemebis Segrovebas 

axdens administratiuli procesori, kerZod MPCC (multiprotocol 

communication controller – mraval protokoliani kavSiris 

kontroleri)  mikroprocesuli plata (rig SemTxvevebSi misi 

mexsiereba Seadgens  64 megabaits). UBEX warmoadgens Sinas, romlis 

daniSnulebasac warmoadgens Seqmnas interfeisi MPCC – sa da 

kontroleris sxva platebs Soris. monacemTa erTdrouli 

SegrovebaSi da statistikis gaSvebaSi arsebuli SezRudvebis 
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magaliTad SeiZleba moviyvanoT cifrebi, romelic mocemulia 

cxril 4.1-Si. 

  praqtikuli TvalsazrisiT mizanSewonilia wina paragrafSi 

ganxiluli gadatvirTulobebis prognozirebis algoriTmi 

gamoyenebul iqnas avtomatur reWimSi, e. i. Semomavali da/an 

gamavali hendoverebis safuZvelze, romlebic inaxebian sabazo 

sadguris kontrolerSi (BSC), Catarebul iqnas rigi gamoTvlebis  

(ix. 4.5 ganyofileba), rac saSualebas mogvcems mudmivad Tvalyuri 

vadevnoT qselSi situaciis cvlilebas. sxva sityvebiT udavod 

didi praqtikul interess warmoadgens qselSi SesaZlo 

gadatvirTulobebis winaswarmetyveleba da aRmoCena. Ggarda amisa 

azri aqvs daumatoT logikuri parametrebis gansazRvruli meTodiT 

dinamiuri marTvis procedura, romelic ganxiluli iyo wina TavSi. 

aRniSnuli algoriTmi SeiZleba gamoyenebuli iqnas rogorc BSC, 

aseve sxva gare mowyobilobebSi, magaliTad marTvis centrSi.    

 

 

 

Nnax. 4.16 sabazo sadguris kontroleris sqema 
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cxrili 4.1 

 

mricxvelebis tipis raodenoba 116 

gazomvebis saerTo raodenoba 884 

gazomvebi, romlebic ar SeiZleba 

gaerTianebulni iyvnen sxva 

gazomvebTan erT mrixcxvelSi 

monacemebi procesoris datvirTvis 

Sesaxeb; 

Tavisufal taim-slotebze 

interferenciis done; 

transiveris miRwevadobis dro; 

Sidakontroliruli da sxvadasxva 

kontroleruli hendoverebi.A 

erTi mricxveliT dakvirvebadi 

obieqtebis raodenobis SezRudva  

10 sabazo sadguri, gamavali an 

Semomavali hendoverisTvis; 

Radioarxis gazomvis dros - 80 arxi. 

statistikis Segrovebis periodi yvela statistikisaTvis, garda 

transiveris donis da radioarxis 

gazomvisaTvis – 15 an 60 wuTi.  

SezRudva erT kontroleris 

elementebis raodenobaze 

statistikis tipisaTvis “statBSC’’ -1 

BSC; 

statistikis tipisaTvis “statBTS’’ -250 

BTS; 

statistikis tipisaTvis 

“statBTSIncHO’’ -250 BTS; 

statistikis tipisaTvis 

“statBTSOutHO’’ -250 BTS; 

statistikis tipisaTvis “statSS7’’ -

8SS7; 

statistikis tipisaTvis “statTRX’’ -

500TRX;  

 

 

  

    4.8  daskvnebi meoTxe TavTan dakavSirebiT 

  Aarsebuli  Teoriuli Sedegebis da abonentTa adgilmdebareobis 

gansazRvris Taviseburebebis gaTvaliswinebiT gaanalizebul iqna 
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GSM standartis mobilur qselebSi gadatvirTulobis 

prognozirebis algoriTmebi. naCveneb iqna, rom mizanSewonilia 

gamoyenebul da Catarebul iqnas Semomavali da gamavali 

hendoverebis intensivobis cvlilebis Sefaseba, radganac es 

parametrebi, calsaxad gansazRvraven abonentTa gadaadgilebas da 

sakmarisad martivad ganisazRvrebian realur situaciaSi. 

Semomavali da gamavali hendoverebis intensivobis cvlileba iwvevs 

datvirTvis cvlilebis  gansazRvrul gardamaval procesebs 

TviTon hendoverebidan gamomdinare, aseve potenciurad aqtiuri 

abonentebis raodenobis cvlilebas. 

  Mmobilurobis parametris cvlilebis aRmoCena warmoadgens 

SesaZlo gadatvirTulobis winaswarmetyvelebis da aRmoCenis  

yvelaze adreul etaps. imisaTvis, rom gaizardos saimedoba da ar 

moxdes reagireba datvirTvis mcire xangrZliobis  cvlilebaze, 

rac igivea gaizardos ganxiluli algoriTmebis efeqturoba, 

mizanSewonilia Catardes meore etapi, romelic dafuZnebulia 

fiWaSi warmowmnil gardamaval procesebis analizTan da drois 

gansazRvrul intervalSi datvirTvis mocemuli donis gazrdasTan. 

  miRebuli Teoriuli gaTvlebi Semowmebul iqna realur qselSi 

(bilaini) da eqsperimentulma Sedegebma daamtkica miRebuli 

algoriTmebis gamoyenebis mizanSewoniloba. GSM standartis 

mobiluri qselebisaTvis gansazRvrul iqna gadatvirTulobis 

prognozirebis algoriTmis parametrebi, romlis safuZvelze 

SeiZleba vimsjeloT imis Sesaxeb, rom mosalodneli 

gadatvirTulobis analizisaTvis da gadawyvetilebis miRebisaTvis 

saWiro dro Seadgens 100-300 wams. teqnologiebis ganviTarebis 

Tanamedrove done da gamoTvliTi teqnikis simZlavreebi saSualebas 

iZlevian aRmoCenil iqnas fiWis potenciuri gadatvirTuloba da 

moxdes resursebis iseTnairi gadanawileba, raTa realur mobilur 

qselSi Semcirebuli iqnes fiWebis gadatvirTuloba drois naCveneb 

SualedSi. 
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 saboloo daskvna 

1. Catarebuli analizis safuZvelze SemoTavazebul iqna opciaTa 

klasifikacia, romlebic saSualebas iZlevian GSM standartis 

mobilur qselebSi gazardos tevadoba damatebiTi transiverebis 

dayenebis gareSe. isini farTod gamoiyenebian qselis 

ganviTarebis sxvasasxva etapze. yvela opcia SeiZleba davyoT or 

jgufad: opciebi, romlebic amcireben gadatvirTulobas, e.i. 

romlebic saSualebas iZlevian gadavanawiloT trafiki mezobel 

fiWebs Soris (hendoverebis zogierTi tipi, naxevarsiCqariani 

kodirebis gamoyeneba, qselis ierarqiuli struqturis 

gamoyeneba); opciebi, romlebic amcireben interferenciebs mTeli 

qselis farglebSi (sixSiris fsevdoalbaTuri gadawyoba, 

simZlavris regulireba da aramudmivi gasxiveba). 

2. praqtikuli Sedegebis safuZvelze gansazRvrul iqna GSM 

standartis qselebSi, qselis konfiguraciidan, misi 

ganviTarebis xarisxidan da agreTve qselis xarisxis ZiriTadi 

maCveneblebis mniSvnelobidan  gamomdinare, ganxiluli opciebis 

gamoyenebis Tanmimdevroba. qselis ganviTarebis pirvel etapze, 

rodesac ZiriTad problemas warmoadgens qselis tevadobis 

simcire da aqedan gamomdinare gadatvirTulobebis arseboba, 

mizanSewonilia pirvel rigSi gamoviyenoT da Sesabamisad 

avawyoT pirvel jgufSi arsebuli  opciebi. SemdgomSi, 

optimizaciis procesSi, rodesac ZiriTad rols TamaSobs radio 

problemebi, azri aqvs didi yuradReba mieqces opciebs, 

romlebic gaerTianebulebi arian meore jgufSi. 

3. Catarebul iqna mobiluri qselis xarisxis Sefasebis ZiriTadi 

meTodebis analizi, rogoricaa: testuri gamoZaxebebi an draiv 

testebi, trasirebis analizi da qselis kontroleridan 

miRebuli statistikuri informaciis damuSaveba. qselis 

mdgomareobis Sesaxeb sruli informaciis misaRebad TiToeuli 

es meTodi mniSvnelovania, isini avseben erTmaneTs, magram rigi 

Taviseburebebis gaTvaliswinebiT ZiriTadia bolo meTodi. misi  
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gamoyeneba aucilebels qmnis ganisazRvros qselis xarisxobrivi 

maCveneblebi da romelTa saSualebiTac xdeba qselis Sefaseba. 

4. ganxilul iqna xarisxis ZiriTadi maCveneblebi, romlebic 

damuSavebulia aparaturis sxvadasxva mwarmoeblebis 

Taviseburebobis gaTvaliswinebiT. xarisxis ZiriTad maCvenebels 

warmoadgens warumatebeli gamoZaxebebis procenti – CunSR, 

romlis SemadgenlobaSi Sedian marTvis arxis warumatebeli 

moniSvnis procenti (SDAsFR), SeerTebis wyvetis procenti, 

rodesac gamoZaxeba imyofeba marTvis arxSi (SDCDR), trafikis 

arxis warumatebeli moniSvnis procenti (TAsFR) da SeerTebis 

wyvetis procenti, rodesac gamoZaxeba imyofeba trafikis arxSi 

(TCDR). TiToeuli es maCvenebeli SeiZleba gamoTvlili iqnes, 

rogorc uds-Si, aseve integralurad sxva drois nebismier 

SualedSi (rogorc wesi kvira). rogorc praqtikam gviCvena, 

qselis obieqturi SefasebisaTvis mxolod erTi meTodi araa 

sakmarisi da mizanSewonilia orive meTodis gamoyeneba. 

5. Catarebul iqna im opciaTa gavlenis analizi qselis 

xarisxobriv maCveneblebze, romlebic zrdian qselis tevadobas. 

yvela opcia mimarTulia CunSR maxasiaTeblis Semcirebaze, 

magram TiToeuli am opciaTagani saSualebas iZleva Seamciros 

erTi (an zogjer ori) xarisxis indikatoris mdgeneli. qselis 

ganviTarebis sawyis etapze ZiriTad amocanas waemoadgens 

gadatvirTulobebis Semcireba da pirvel adgilze gamodian 

naxevarsiCqariani kodireba, „pirdapiri gadadaniSnulebis” 

procedura da ordiapazoniani qselis awyoba (im pirobiT Tu 

arsebobs qselSi or diapazoniani gadamcemebi). Qqselis Semdgomi 

ganviTarebisas dRis wesrigSi dgeba qselSi inteferenciis 

Semcireba da mizanSewonilia iseTi opciebis gamoyeneba, 

rogoricaa sixSiris fsevdoalbaTuri gadawyoba, simZlavris 

regulireba da aramudmivi gamosxiveba. TiToeuli am 

opciataganis gamoyenebis praqtikuli Sedegebi aCveneben maTi 

gamoyenebis efeqturobas. 
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6. miRebuli Teoriuli Sedegebis gaTvaliswinebiT Catarebul iqna 

gadatvirTulobebis prognozireba GSM sistemis mobilur 

qselebSi abonentebis adgilmdebareobis gansazRvris 

Taviseburebebidan gamomdinare. naCveneb iqna, rom mizanSewonilia 

gamoviyenoT da CavataroT Semomavali da gamavali hendoverebis 

intensivobis Sefaseba, radganac es parametrebi, pirvel rigSi 

calsaxad gansazRvraven abonentebis gadaadgilebas, da meores 

mxriv realur qselSi sakmaod martivad ganisazRvrebian. 

Semomavali hendoveris intensivobis cvlilebas mivyevarT 

datvirTvis cvlilebis gansazRvrul gardamaval procesTan, 

romelic TviTon hendoverebidanaa  gamowveuli, da aseve 

potenciurad aqtiuri abonentebis raodenobis cvlilebasTan. 

Mmosalodneli gadatvirTulobis aRmoCenis da 

winaswarmetyvelebis yvelaze adreul etaps warmoadgens 

mobilurobis parametrebis cvlileba. imisaTvis, rom amaRldes 

saimedoba da Tavidan iqnes acilebuli datvirTvis mcire 

xangrZlivobian amovardnebze reagireba da e.i. amaRldes 

gamoyenebuli algoriTmis efeqturoba, mizanSewonilia Catardes 

meore etapi, romelic dafuZnebulia fiWaSi warmoqmnili 

gardamavali procesebis analizze da drois gansazRvrul 

intervalSi datvirTvis mocemuli donis amaRlebaze. miRebuli 

Teoriuli Sedegebi Semowmebul iqna realur qselSi da 

eqsperimentalurma Sedegebma daadastura gaanalizirebuli 

algoriTmebis gamoyenebis mizanSewoniloba. 

7. GSM standartis mobiluri qselisaTvis ganisazRvra 

gadatvirTulobis winaswarmetyvelebis algoriTmis parametrebi, 

romelTa safuZvelze SeiZleba iTqvas, rom maTi analizisaTvis 

da SesaZlo gadatvirTulobis Sesaxeb gadawyvetilebis 

misaRebad saWiro dro Seadgens 100-300 wams. teqnologiebis 

ganviTarebis Tanamedrove done da gamoTvliTi simZlavreebis 

xarisxi saSualebas gvaZlevs vivaraudoT, rom  SesaZlebeli 

iqneba potenciuri gadatvirTulobis aRmoCena da 
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gadatvirTulobadi fiWis sasargebloT resursebis gadanawileba 

realur sistemaSi moxdes aRniSnul droSi. 

8. Catarebul iqna „pirdapiri gadadaniSnulebis” proceduris 

gavlenis analizi mobiluri qselis ZiriTad xarisxobriv 

maCveneblebze, rogoricaa uaris albaToba da SeerTebis 

gawyvetis maCvenebeli. Ppraqtikulma Sedegebma da Teoriulma 

gaTvlebma 4.erlangis modificirebuli formulis mixedviT, 

romelic mxedvelobaSi iRebs gadafarvis zonebis sidides aCvena, 

rom „pirdapiri gadadaniSnulebis” procedura warmoadgens 

efeqtur meTods fiWuri kavSiris qselSi uaris albaTobis 

Sesamcireblad, rac saSualebas iZleva gavzardoT 

gamtarunarianoba 25%-iT. daveyrdnobiT ra eqsperimentul 

monacemebs, miRebuls uaris albaTobis da SeerTebis gawyvetis 

mniSvnelobebis damokidebulebiT zRvrul doneze mcire 

signalebisaTvis, SeiZleba CavTvaloT, rom is axasiaTebs 

gadafarvis zonis zomas. 

9. Catarda Sefaseba da moZebnil iqna regresiis koeficientis 

sandoobis intervali analitikuri gamosaxulebisaTvis, romelic 

saSualebas iZleva gamoiTvalos rc-isa da SeerTebis gawyvetebs 

Soris damokidebuleba. aRniSnuli damokidebulobebis 

gamoTvlisaTvis gamoyenebul iqna qselis iseTi monakveTebi, 

romlebsac emsaxurebodnen fiWebi, romlebic emsaxurebodnen 

teritoriebs romlebSic gamoxatuli iyo, rogorc qalaqis aseve 

gareubnis abonentebs specifikacia. miRebuli Sedegebis 

safuZvelze, miviReT ra signalis sasazRvro doned -95dbm, 

SeiZleba vTqvaT, rom warumatebeli SeerTebis mniSvnelobis 

SesanarCuneblad ara umetes 2%-isa, im logikuri parametrebis 

awyoba romlebic pasuxs ageben „pirdapiri gadadaniSnulebis” 

proceduris muSaobaze, unda avawyoT iseTnairad, rom zRvrul 

doneze naklebi signalebis wilma ar unda gadaametos 15%-s. 

damuSavebuli algoriTmi SeiZleba gamoyenebuli iqnes, marTvis 

centridan xeliT awyobiT, an mis safuZvelze aiwyos axali 

opcia, romelic saSualebas mogvcems mimdinare situaciidan 



 157

damokidebulebiT avtomaturad aawyos logikuri parametrebi, 

raTa ufro efeqturad iqnas gamoyenebuli arsebuli resursi. 

10. GSM standartis mobiluri qselebisaTvis, imisaTvis rom 

avamaTloT qselis gamtarunarianoba,  SemoTavazebul iqna 

qselis awyobis algoriTmi GPRS teqnologiis gaTvaliswinebiT. 

Catarebuli analizis safuZvelze, SeiZleba iTqvas, rom „siCumis” 

reJimSi maRali salaparako trafikis pirobebSidac 

mizanSewonilia davayenoT MAX_PDCH_HIGH_TRAFFIC=1, 

ramdenaTac aseTi mniSvneloba saSualebas gvaZlevs 

vuzrunvelyoT GPRS-isaTvis xarisxis maCveneblebis misaRebi 

mniSvneloba, salaparako trafikze minimaluri zegavleniT. Tu 

davayenebT mniSvnelobas MAX_PDCH_HIGH_TRAFFIC=0, 

HIGH_TRAFFIC zRvri  amaRldeba da fiWis datvirTvis Sefasebis 

dro Semcirdeba, amasTan qselSi umjobesdeba situacia TBF 

arxebis daniSvnis saimedobis TvalsazRisiT uku mimarTulebaSi, 

magram xarisxis am indikatoris mniSvneloba dauSveblad maRali 

rCeba. GPRS resursis ufro efeqturi gamoyenebisaTvis fiWis 

didi datvirTvis dros mizanSewonilia davayenoT fiWis 

datvirTvis zRvruli maRali done, e.i. vixelmZRvaneloT 

HIGH_TRAFFIC mniSvnelobis dayenebis rekomendaciiT. 
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