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gia surgulaZe 

 
stu-s informatikis fakultetis  

sruli profesori, teqnikis mecnierebaTa 

doqtori, informatizaciis saerTaSoriso 

akademiis akademikosi. aris 190 samecniero-

pedagogiuri naSromis avtori (10 monografia, 
10 saxelmZRvanelo, 20 damxmare 

saxelmZRvanelo /leqciebis konspeqti, 25 

eleqtronuli wigni stu-s veb-gverdze, 125 

statia/Tezisi) monacemTa relaciuri bazebis, obieqt-orientirebuli 

daprogramebis, marTvis sainformacio sistemebis daproeqtebisa da 
petris qselebis gamoyenebiTi Teoriis sakiTxebze. germanul-qarTuli 

erToblivi saswavlo-samecniero centris („GeoGer” Center)  
`infoteqnologiebi~ direqtori (berlinis humboldtisa da niurnberg-

erlangenis universitetebTan), saqarTvelos informatizaciis 

teqnologTa kavSiris Tavmjdomare, Jiuli Sartavas saxelobis premiis 

laureati teqnikis dargSi. 
 

lili petriaSvili 
  

stu-s informatikis fakultetis 

`marTvis avtomatizebuli sistemebis~ kaTedris 

asoc-profesori, teqnikis mecnierebaTa 

kandidati,  kaTedris germanulenovani 

jgufebis kuratori. aris 20 samecniero 
naSromis, 1-monografiis, 4 damxmare 

saxelmZRvanelos da  leqciebis konspeqtis 

(germanul enaze) avtori operaciuli da 

saofise sistemebis, statistikuri 

modelirebis, masobrivi momsaxurebis  sistemebisa da petris qselebis 

Teoriis sakiTxebze. aspiranturaSi swavlebis periodSi 1995-2000 
wlebSi ojaxTan erTad cxovrobda germaniaSi, staJirebas gadioda 

niurnberg-erlangenis universitetSi, `operaciuli sistemebisa da 

qselebis kaTedraze~. paralelurad daamTavra erlangenis germanuli 

enis Semswavleli instituti, aqvs atestati-sertifikati. aris ori 

Svilis deda. 
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Sesavali 

biznesis marTvis ganawilebuli sainformacio  

sistemebis analizi 
 

organizaciuli sistemebis marTvis problemebis da 

amocanebis gadasawyvetad, da gansakuTrebiT biznesis marTvis 

ganawilebuli sistemebisaTvis, saWiro xdeba axali 

kompiuteruli da informaciuli teqnologiebis gamoyeneba, 

romelTa Soris  erT-erTi aqtualuri da mniSvnelovani 

mimarTulebaa   monacemTa sacavebis (data warehouse) ageba. bolo 

periodSi igi  iTvleba, gansakuTrebiT perspeqtiul da 

dinamikur mimarTulebad sainformaco sistemebis daproeqtebaSi, 

igi ukavSirdeba mravaldonian ganawilebul sainformacio 

sistemis Seqmnas [1]. 

monacemTa sacavi ganixileba rogorc romelime 

konkretuli organizaciis  an didi sawarmosTvis gankuTvnili  

specialuri super-baza, sadac mimdinare operatiuli samuSaos 

Sesrulebisas Tavs iyris qronologiur informaciaTa mTeli 

speqtri, romelTa daniSnulebacaa momxmareblisTvis  internet 

gverdebze miznobrivad ganlagebuli teqsturi, grafikuli da 

audio-vizualuri sainformacio blokebis miwodeba.  
Tavisufal sabazro ekonomikis pirobebSi biznesis marTvis 

sistemebisaTvis gadawyvetlebaTa miRebis xelSemwyobi efeqturi 

meqanizmebis damuSaveba da kvleva Tanamedrove qseluri 

sainformacio teqnologiebis integrirebuli gamoyenebiT, erT-

erTi mniSvnelovani mimarTulebaa. eleqtronuli biznesisa da 

komerciis momxmarebels miecema teqnikuri saSualeba 

interaqtiul-dialoguri kriteriumebT gansazRvros misTvis 

saWiro informacia.  am mizniT  analizuri procesebis sistema 

eyrdnoba mravalganzomilebian monacemTaA struqturebs.  

sxvadasxva sainformacio wyaroebidan miRebuli monacemebi 

transformaciis, konvertaciis da integrirebis Semdeg Tavsdeba 
sacavis obieqt-orientirebul monacemTaAbazebSi (MS SQL Server, 
MS Access, InterBase an sxv.), vindousis(MS_Office, 
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BorlandC++Builder, C#), Web-aplikaciebis (ASP.NET, ADO.NET, 
XML) .NET teqnologiebis safuZvelze.  

winamdebare naSromSi SemoTavazebulia avtorTa mier 

saqarTvelos teqnikur universitetsa da germaniis 

universitetebSi (berlinis humboldtisa da niurnberg-

erlangenis informatikis institutebSi) miRebuli Teoriuli da 

eqsperimentuli samuSaoebis samecniero Sedegebi, kerZod:   
- kvlevis Sedegebi eleqtronuli biznesisa da komerciis 

marTvis sainformacio sistemebis daproeqtebis Tanamedrove 

meTodebisa da instrumentebis Sesaxeb, maTi klasifikaciisa da 

struqturuli analizis safuZvelze; 

- biznesis ganawilebuli marTvis sistemebisTvis monacemTa 

sacavebis obieqt-orientirebuli daproeqtebis da realizaciis 

meTodebi da instrumentuli saSualebani sainformacio 

obieqtebisa da metainformaciis logikurad mTliani 

organizebisa da miznobrivi damuSavebis klasTa-funqciebis 

safuZvelze;  

- biznesis ganawilebuli sainformacio sistemebis 

resursebis efeqturi  marTvis dinamikuri modeli 

stoqastikuri petris qselis grafo-analizuri instrumentiT; 

- monacemebisa da maTi struqturebis klasterizaciis, 

konvertirebisa da agregaciis algoriTmuli sqemebi da 

programebi; 

- biznes-obieqtebis momxmarebelTa moTxovnebis winmswrebi 

analizisa da maTi damuSavebis sinqronizaciis relaciuri 

sqemebi petris qselis grafuli modelebis safuZvelze.A  

naSromis Teoriuli da praqtikuli Sedegebis gamoyeneba 

SesaZlebelia: 

_ sawarmoebisa da organizaciebis biznesis marTvis  

sferoSi ganawilebuli informaciuli sistemebis asagebad da 

gadawyvetilebis miRebis xelSemwyobi meqanizmebis 

srulyofisaTvis; 

_ ganawilebuli sistemebis kompiuteruli da qseluri 

resursebis efeqturi marTvis eqspertuli sistemebis asagebad; 
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_ mTliani qselisa da misi calkeuli komponentebis  

datvirTvis, mwarmoeblurobis, sistemis mdgomareobaTa 

albaTobebis da sxva maCveneblebis gasaTvlelad, moTxovnaTa 

Semosvlisa da maTi momsaxurebis intensiurobebis da 

ekonomikuri maCveneblebis gaTavaliswinebiT. 

momxmarebels saSualeba eZleva internet gverdebze 

arsebuli informaciis daxmarebiT efeqturad da miznobrivad 

imoqmedos biznesis sferoSi. saWiro xdeba  energiis, drois da, 

ra Tqma unda, finansuri resursebis dazogvis RonisZiebebis 

gatareba, risi unikaluri saSualebacaa eleqtronuli 

komerciis (E-Commerce) gamoyeneba. rogorc cnobilia, igi 

gamoiyeneba internet-teqnologiis daxmarebiT da uzrunvelyofs  

kompiuteris monitoridan uSualod msoflio bazarze 

yidva_gayidvis warmoebas.  

naSromSi SemoTavazebulia ganawilebuli marTvis 

sistemebis monacemTa sacavebis daproeqtebis etapebis, misi 

ZiriTadi komponentebis, funqciebisa da klasificirebul 

monacemTa metainformaciis efeqturi organizaciis, gardaqmnisa 

da Zebnis meTodebisa da algoriTmebis  aRwera. 

monacemTa sacavi orientirebulia sagnobriv sferoze da 

organizebulia monacemTa operatiuli bazidan Semosul 

struqturulad gadamuSavebul monacemTaA qvesimravleebis 

safuZvelze. informaciis wyaros warmoadgens sxvadasxva 

organizaciaTa danarTebi (aplikaciebi), romlebic gamoiyenebs 

gansxvavebul programul platformebs da ukavSirdeba 

operatiul monacemTa bazas internetis saSualebiT (on-line 
reJimi).  

 
gsurg@gmx.net,  
liapetri@Rambler.ru. 
 
 
 

mailto:gsurg@gmx.net
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1. monacemTa sacavis struqtura da  

ZiriTadi elementebi 

monacemTa sacavis (Data Warehouse - DWH) idea, romelic 

warmoadgens marTvis sainformacio sitemebis daproeqtebis da 

raealizaciis  erT-erT uaxles teqnologias,  aqtualuri 

gaxda 90-iani wlebidan. am ideis fuZemdeblad moixsenieba 

amerikeli mecnieri v. h. inmoni [2,3].  

monacemTa sacavi aRiwereboda, rogorc `monacemTa 

supermarketi~, `super monacemTa baza~. am mimarTulebiT 

pirveli proeqti `evropis biznes informaciuli sistema~  1988 

wels IBM firmis mier ganxorcielda.  globalur monacemTa 

Senaxva da maTi analizi savaWro kompaniebis muSaobisas ara 

marto amaRlebs muSaobis efeqturobas, aramed uZlebs mkacr 

konkurencias, romelic saerTaSoriso bazarze yovelwliurad 

Zlierdeba. 

monacemTa sacavis farTo gamoyeneba, msoflio biznes 

gaerTianebaSi adasturebs im faqts, rom am teqnologiaze 

dayrdnobiT mogeba yovelwliurad izrdeba aTobiT miliardi 

dolariT. bankebSi Catarebulma analizma aCvena, rom sabazo 

tranzaqciebis da sasurvel monacemebze arsebuli informaciis 

moculoba Zalian didia. pirveladi  analizisaTvis unda 

momzaddes gafarToebuli monacemebi da mieces indeqsacia. 

amisaTvis saWiroa farTo kompiuteruli resursebi, romelic 

saSualebas iZleva mcire drois ganmavlobaSi Sesruldes Zebna  

ramdenime cxriliSi, romlic aTobiT milion Canawers Seicavs 

da ganxorcieldes monacemTa  SerCeva. 
monacemTa sacavi aris kompleqsuri sistema, romelic 

Sedgeba Semdegi ZiriTadi funqciuri blokebisagan: 

- monacemTa ganawilebuli, relaciuri bazebis marTvis 

sistemebi; 

- informaciis wyaroebidan operatiul  monacemTa 

CatvirTvis da gardaqmnis saSualeba; 

- sacavis daproeqtebis meToduri da instrumentuli 

saSualebani; 

- sacavis agebisa da modifikavciis saSualebani; 
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- sacavis metamonacemTa ierarqiuli organizebis 

hiperlinkuri saSualebani; 

- sacavis funqciur momxmarebelTa moTxovnebis winaswari 

analizisa da tranzaqciebis efeqturad Sesrulebis dagegmvis 

saSualebani; 

- sacavis sainformacio blokebisa da arqivis operatiuli 

analizis instrumentuli saSualebani.  

1.1 naxazze mocemuli gvaqvs ganawilebuli avtomatizebuli 

marTvis sistemis monacemTa sacavis zogadi sqema. 

 
nax.1.1 

monacemTa sacavis muSaobis principi aseTia:  pirvel etapze 

DWH–s teqnologiis gamoyenebis saSualebiT, relaciur bazebSi 

erTad Tavmoyrili monacemebi lagdeba garkveuli struqturuli 

TanamimdevrobiT, xdeba maTi `dawmenda~. meore etapze warmoebs 

maTi teqnologiuri damuSaveba monacemTa operatiuli analizis 

OLAP _ teqnologiis gamoyenebiT. xolo mesame etapze es 

monacemebi momxmareblebs miewodebaT internetis saSualebiT.  
informaciuli blokebi, romlebic monacemTa sacavebSia 

ganawilebuli, mizanmimarTulad Tavsdeba internet – gverdebze 

da xelmisawvdomia farTo momxmareblisTvis.  
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monacemTaA sacavis koncefciis avtori, v. inmoni aRniSnavda, 

rom monacemTa sacavi  aris: `sagnobriv orientirebul  

monacemTa qronologiuri nakadi, romlis mizansac organizebuli 

marTva warmoadgens~.  

monacemTa relaciur modelebze agebul bazebisa da 

sacavebisaTvis SQL (Structured Query Language) monacemTa 

struqturirebadi ena aris erT_erTi efeqturi, saukeTeso 

saSualebaa monacemTa manipulirebisaTvis. igi aRiarebulia 

saerTaSoriso standartad, amitomac informaciuli 

sacavebisaTvis mizanSewonilia relaciuri platformis 

gamoyeneba.  

relaciuri cxrilebiT warmodgenil monacemebsa da 

sainformacio blokebs Soris arsebobs logikur 

urTierTmimarTebaTa oTxi saxe, romlebic gamoiyeneba 

konceptualuri modelirebisaTvis:  

1. erTi-erTTan (1:1) _ ganxilul atributs aqvs 

ierarqiuli atributis Cveulebrivi rekvizitis saxe. mag., 

organizaciis sruli dasaxeleba, romelic kavSirSia iuridiul 

pirTa cnobarSi, misi registraciis unikalur nomerTan; 

2. mravali-erTTan (M :1) _ ganxiluli atributi SeiZleba 

warmoadgendes romelime cnobaris elements, romelic 

Sesabamisad aris mniSvnelovani atributi. mag., organizaciul _ 

teritoriuli kavSiris aRwera, romelSic warmodgenilia 

organizacia, Tavisi unikaluri kodiT, xolo teritoria 

SeiZleba warmovadginoT, rogorc Teoriulad SeuzRudavi  

organizaciaTa simravle. e.i. atributi `teritoria ~ aRwers 

organizaciebsac;  

3. erTi-mravalTan (1:M)  _ atributi warmoadgens 

egzempliarebis ganusazRvrel raodenobas, xolo ganxiluli 

atributis egzempliari dakavSirebulia mxolod erT 

iearqiulad maRla mdgom egzempliarTan. mag., sabazo angariSebsa 

da erT mesakuTres (iuridiul pirs) Soris kavSiri;  

4. mravali-mravalTan (M:N)  _ gansaxilveli atributebi 

erTmaneTs ukavSirdeba mravali saSualebiT, rac romelime erT 

egzempliars saSualebas aZlevs daukavSirdes nebismier 
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danarCens. mag., iuridiuli pirebis da damfuZnebelTa sia. 

yoveli iuridiuli piri SeiZleba iyos damfuZnebeli da   

yoveli damfuZnebeli - iuridiuli piri. 

monacemTa sacavi orientirebulia gansazRvrul sagnobriv 

sferoze da organizebulia monacemTa operatiuli bazidan 

Semosul struqturulad gadamuSavebul monacemTa  

qvesimravleebis safuZvelze. informaciis wyaros warmoadgens 

sxvadasxva organizaciaTa danarTebi (aplikaciebi), romlebic 

gamoiyenebs gansxvavebul programul platformebs da 

ukavSirdeba operatiul monacemTa bazas internetis saSualebiT 

(on-line reJimi). SesaZlebelia agreTve sxva saxis kavSirebis 

(off-line reJimi) gamoyenebac. 
monacemTa sacavSi inaxeba monacemTa striqonebis ara mTeli 

simravle, aramed ama Tu im xarisxiT gaerTianebuli 

(agregatuli) informacia, rac xels uwyobs mexsierebis 

efeqturad gamoyenebas.    

dRes azrTa sxvadasxvaobas iwvevs is sakiTxi, Tu ra 

gansxvavebaa monacemTa sacavs, monacemTa bazasa da operaciul 

sistemas Soris. am gansxvavebis asaxsnelad mniSvnelovania TviT 

monacemTa sacavis funqciuri xasiaTis gageba.  

nebismieri operaciuli sistema an monacemTa baza 

orientirebulia kompiuteruli resursebis marTvis an monacemTa 

damuSavebis operaciebze, maSin rodesac monacemTa sacavSi 

yvelaze mniSvenelovania TviT sainformacio obieqti da misi 

miznobrivad damuSavebuli Sedegebis momxmarebelze miwodebis 

moxerxebuloba. sacavis operatiul monacemTa bazaSi inaxeba 

mxolod aqtualuri (axlad Semosuli) monacemebi, maSin 

rodesac sacavSi da arqivSi Tavmoyrilia, kompaniebis muSaobis 

istoriis mTeli sainformacio speqtri.  istoriuli 

monacemebis Senaxva aris erT-erTi aucilebeli piroba da igi 

warmoadgens monacemTa sacavis mTavar Rirsebas, radgan am 

informaciis daxmarebiTaa SesaZlebeli srulyofil analizis 

warmoeba.  

sacavSi monacemebi inaxeba calkeuli faqtebis cxrilebis 

saxiT, romelTa ganxilvac SesaZlebelia sxvadasxva kuTxiT. 
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sabazo sistemebis monacemTa sacavSi informacia 

Tavmoyrilia ara mxolod analizisaTvis. SeiZleba informacia 

miviRoT sabazo saqmianobis iseT funqciur sakiTxebze, 

rogoricaa sabuxhaltro saqme, bankis marTva, saxazino saqme, 

kadrebis marTva da a.S.  

sacavSi arsebuli informaciis safuZvelze gadasawyveti 

sakiTxebi monacemTa analizis instrumentis daxmarebiT SeiZleba 

ganxilul iqnes sxvadasxva doneze, dawyebuli gaerTianebuli 

angariSebis Semadgenlobidan, damTavrebuli biujetiT da bankis 

saqmianobis analiziT.  

klientTa bazis da sabazo produqtebis Sefasebis 

saSualeba, maTi struqturuli da dinamikuri cvlilebis 

analizi, agreTve aqtivis da pasivis xarisxis Sefaseba da 

bankebSi mimdinare biznes-operaciebi, saSualebas gvaZlevs 

droulad SevcvaloT taqtikuri da strategiuli 

gadawyvetilebebi. 

magaliTad, monacemTa sacavis analizis daxmarebiT 

SesaZlebelia gadavWraT iseTi rTuli amocana, rogoricaa 

sxvadasxva obieqtebis ekonomikuri usafrTxoebis (igulisxmeba 

gakotreba) dacva.  
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2. ganawilebuli sistemis monacemTa sacavis  
resursebis klasifikacia  

 
ganawilebuli sistemebis qveS Cven vixilavT 

eleqtronuli biznesisa da komerciis obieqtebs, 
magaliTad did savaWro centrebs (suprtmarketebis 
kompleqss), romelTac gaaCnia ganawilebuli monacemTa 
sacavi da programuli paketebi, klient-server 
arqiteqturis konfiguracia homogenuri (an 
heterogenuli) kompiuteruli resursebiT. sistemis 
mizania momxmarebelTa  moTxovnebis (uSualod 
marketSi an internetidan) maqsimaluri dakmayofileba, 
rac uzrunvelyofs firmis mogebis stabilurobas. 

masobrivi momsaxurebis Teoriis mixedviT, 
pirobiTad `momsaxure organos~ qveS SeiZleba 
vigulisxmoT supermarketis TanamSromeli 
(momxmarebelTan uSualo kontaqti) an kompiuteruli 
qselis serveri (eleqtronuli kontaqti). orive 
SemTxvevaSi procesi msgavsi modeliT aigeba 
(moTxovnebis nakadi, momsaxurebis dro, rigebis sigrZe 
da a.S.), oRondac TviT am maCvenebelTa mniSvnelobebi 
iqneba gansxvavebuli.  

aseTi multiprocesoruli qseluri konfiguraciis 
sistemebis daproeqtebisas saWiroa mravali 
maxasiaTeblis gaTvaliswineba, romelTa optimaluri 
mniSvnelobebis SerCeva Zalze mniSvnelovania da amve 
dros rTulic. am sidideTa optimizacia ara marto 
gazrdis kompiuteruli qselis warmadobas, aramed 
Seamcirebs mis Sesaqmnelad saWiro xarjebsac. 
mniSvnelovania gaviTvaliswinoT iseTi momentebi, 
rogoricaa simZlavreebis, saerTo resursebis da a.S. 
optimaluri ganawileba.  

kompiuterul qselebSi mimdinare movlenebis 
(dinamikuri procesebis) modelirebisaTvis 
mosaxerxebelia petris qselebis gamoyeneba, 
raodenobrivi maxasiaTeblebis analizisaTvis ki - 
masobrivi momsaxurebis sistemebis Teoria. 
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Cveni mizania SevimuSavoT algoriTmuli sqemebi da 
Sesabamisi programuli paketebi, romelTa 
daniSnulebacaa kompiuteruli qselis simZlavreebis 
analizi da maTi optimaluri ganawileba.  

 
 

3. ganawilebuli sistemis resursebis marTvis  
procesis masobrivi momsaxurebis modeli  

stacionaruli reJimisaTvis 

 
ganvixiloT kompiuteruli qseli, sadac aris 

ramdenime momxmarebeli da ramdenime serveri 
(momsaxure). davuSvaT, rom serverTagan erT-erTi 
asrulebs gamanawileblis funqcias, e.i. iRebs 
momxmareblisagan moTxovnas da ugzavnis mas 
momsaxurebisaTvis im servers, romelic Tavisufalia. 
Tu yvela serveri dakavebulia, moTxovna dgeba rigSi 
da elodeba erT-erTi maTganis ganTavisuflebas.  

serveri, miiRebs ra moTxovnas gamanawilebeli 
serveridan, emsaxureba mas da ubrunebs isev 
gamanawilebel servers, romelic, Tavis mxriv pasuxs 
ubrunebs momxmarebels.  

unda vigulisxmoT, rom moTxovnebi 
momxmareblebisgan modis uwyvetad, garkveuli 
sixSiriT. TiToeuli serveri erTeuli moTxovnis 
momsaxurebas andomebs garkveul dros. im SemTxvevaSi 
rodesac, moTxovnaTa formirebis sixSire didia, 
gamanawilebel serverTan warmoiqmneba rigi. Tuki 
moTxovnaTa formirebis sixSire Zalze didia qseli 
SeiZleba gadaitvirTos da veRar SeZlos 
funqcionireba.  

Cveni mizania qselis arsebuli parametrebis 
meSveobiT davadginoT misi muSaobis kritikuli 
wertili, SevarCioT iseTi maxasiaTeblebi, romlebic 
uzrunvelyofs mis normalur funqcionirebas da 
SevqmnaT programuli produqti, romelic yovelive amas 
ganaxorcielebs. masobrivi momsaxurebis Teoriis 



 14

TvalsazrisiT zemoT aRwerili sistema aris M/M/m 
tipis [1]. 

ganvixiloT maxasiaTeblebi da maT Soris 
kavSirebi, romlebic gaaCnia qsels. aqve unda 
aRvniSnoT rom qselis funqcionirebas ganvixilavT 
stacionarul reJimSi. am SemTxvevaSi, rogorc 
cnobilia, garkveul idealizaciasTan gvaqvs saqme. 
realurad drois yovel t momentSi sistemaSi arsebobs 
moTxovnaTa raRac k raodenoba. albaToba imisa, rom 
drois mocemul t momentSi sistemaSi imyofeba k 
moTxovna, aRvniSnoT Pk(t)-Ti. Cven unda vigulisxmoT, 
rom t-s zrdasTan erTad albaToba Pk(t) TandaTan mudmivi 
xdeba. am SemTxvavaSi Pk(t)-s nacvlad SeiZleba 
gamoviyenoT Pk, romelic ukve aRar aris drois funqcia. 
es daSveba ar gulisxmobs imas, rom sistema ar gadadis 
erTi mdgomareobidan meoreSi, ra Tqma unda drois 
mixedviT icvleba qselSi arsebuli moTxovnebis 
raodenoba, magram albaToba imisa, rom sistemaSi 
sakmarisad didi drois gasvlis Semdeg imyofeba k 
moTxovna, gamoixateba Pk-Ti. 

programuli paketSi saangariSo funqciebis 
dasaprogrameblad gamoviyenoT aRniSnuli klasikuri 
modelebi. amgvarad, serverebis raodenobiT, Semosul 
moTxvnaTa intensivobiT da droiT, romelsac andomebs 
serveri TiToeuli moTxovnis momsaxurebas, SegveZleba 
davadginoT qselis sxvadasxva maxasiaTebeli.  

aRvniSnoT moTxovnaTa mosvlis intensivoba λ-Ti, 
xolo TiToeuli moTxovnis momsaxurebis dros Ts-iT. 

am SemTxvevaSi ergodiulobis piroba aris: λ*Ts<1 . 
qsels gaaCnia Semdegi maxasiaTeblebi:  

1. moZraobis intensivoba: u=λ*Ts. 
2. serveris datvirTva: ρ =u/m. 

imisaTvis, rom sistema iyos stabiluri, servers 
unda SeeZlos Tavi gaarTvas moTxovnaTa mosvlis 
saSualo intensivobas, es ki niSnavs, rom moZraobis 
intensivoba unda iyos serverTa raodenobaze naklebi, 
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an rac igivea, serveris datvirTva unda iyos erTze 
naklebi, e.i. u<m an ρ <1. 

M/M/m saxis sistemebis kvlevisas mniSvnelovani 
adgili ukavia erlangis funqcias. es funqcia 
gansazRvravs imis albaTobas, rom yvela serveri 
dakavebulia, da imavdroulad imis albaTobasac, rom 
mosul moTxovnas mocda mouwevs. erlangis 
funqciisTvis gamoviyenebT gamosaxulebas  

            

))!/()1(!//()!/(),( 1

0∑ −

=
−+=

m

k
mmm mumumuumEc ρ  

momxmareblisTvis didi mniSvneloba aqvs 
moTxovnis rigSi dgomis (mocdis) saSualo dros, igi 
gamoiTvleba formuliT:  

Tw=
)1(

),(
ρ−m
TsumEc

 

aucilebelia ganvsazRvroT moTxovnis sistemaSi 
yofnis saSualo dro: Tq=Tw+Ts.  

albaToba imisa, rom moTxovnis sistemaSi yofnis 
dro naklebia t-ze damokidebulia u=m-1 Tu ara. Tu es 
piroba sruldeba, maSin adgili aqvs Semdeg tolobas: 

 P(sistemaSi yofnis dro<t)=1- Ts
t

eumEc
Ts
t −

+ )),(1(  

winaaRmdeg SemTxvevaSi:  
P(sistemaSi yofnis dro<t)= 

=1+ Ts
tum

Ts
t

e
B

umEce
B

umEcB )(),(),( −−
−

+
+

 

sadac B=m-1-u. 
drois yovel momentSi qselSi iarsebebs 

moTxovnaTa garkveuli raodenoba. rac naklebi 
moTxovnaa qselSi, miT ukeT funqcionirebs igi. 
albaToba imisa, rom qselSi aris k moTxovna aris Pk 
sadac 

    0
!
P

k
uPk =        roca  k<=m 
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da 

0
!

P
mm
uPk mk

k

−=   roca  k>=m 

P0 aris albaToba imisa, rom qselSi saerTod araa 
moTxovna.  

es rac Seexeboda albaTobebs. TviT sistemaSi 
arsebul moTxovnaTa raodenoba ki aris Lq, sadac 

ρ−
+=

1
),( umpEcuLq  

Tuki qselSi aris m an m-ze naklebi moTxovna, 
maSin im moTxovnebis raodenoba, romlebic rigSi 
dganan 0-is tolia, xolo Tu viciT, rom x moTxovna 
rigSi dgas, maSin mTlianad sistemaSi iqneba x+m 
moTxovna. ase, rom gvaqvs Semdegi maxasiaTeblebi:  

albaToba imisa, rom arcerTi moTxovna ar icdis: 

P(arcerTi moTxovna ar icdis)=∑  
=

m

k
Pk

0

albaToba imisa, rom x moTxovna dgas rigSi: 
 
P(x moTxovna icdis)=   sadac x>m mxP +

 
momlodine moTxovnaTa saSualo ricxvi: 

ρ−
=

1
),( umpEcLw  

obieqt-orientirebuli daprogramebis safuZvelze, 
kompiuteruli qselisaTvis mizanSewonilia SevqmnaT 
klasi, romlis daxuruli parametrebi iqneba 
moTxovnaTa mosvlis sixSire, momsaxurebis dro, 
serverebis raodenoba da a.S. funqcia - wevrebis saxiT 
ki realizebuli iqneba yvela zemoT CamoTvlili 
maxasiTeblebis gamoTvla, Sesabamisi formulebis 
gamoyenebiT.  
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calke klasebad iqneba realizebuli momxmareblis 

interfeisi da parametrTa Soris damokidebulebaTa 

grafikebis agebisa da vizualizaciis funqciebi. 

zemoT ganxiluli sidideebi srulad axasiaTebs 

kompiuteruli qselis muSaobis stacionalur reJims. 

Cvens mier Seqmnili programuli saSualeba swored am 

sidideebs da formulebs iyenebs qselis parametrebis 

analizisaTvis da maTi optimaluri mniSvnelobis 

SerCevisaTvis.  

igi, iRebs ra informacias qselSi moTxovnebis 

mosvlis sixSireze, serverTa raodenobasa da 

TiToeuli moTxovnis momsaxurebis droze, angariSobs 

iseT parametrebs rogoricaa moTxovnis rigSi dgomis 

dro, buferSi moTavsebuli momlodine moTxovnaTa 

raodenoba, serveris datvirTva da moZraobis 

intensivoba, sxvadasxva albaTobebi da a.S.  

garda amisa, gamoiTvlis mocemul pirobebSi 

optimaluri muSaobisaTvis saWiro parametrebs da 

agebs maT Soris damokidebulebaTa grafikebs. 

1.2 naxazze mocemulia Borland_C++Builder 

instrumentiT agebuli momxmareblis interfeisi, 

romelSic muSaoba warimarTeba vizualuri da 

tradiciuli daprogramebis komponentebis reversuli 

teqnologiiT[1].  
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nax..1.2 

 
rogorc naxazidan Cans, momxmarebels SeuZlia 

Seitanos (da cvalos) sami parametris mniSvneloba: 
serverebis raodenoba, momsaxurebis saSualo dro da 
moTxovnaTa raodenobis intensiuroba.  RilakiT 
`angariSi~ sistema gaiangariSebs qselis ZiriTad 
maxasiaTeblebs, kerZod:  serveris datvirTva, 
moZraobis intensiuroba, moTxovnis rigSi dgomis dro, 
mTlianad momsaxurebisTvis saWiro dro, rigSi mdgom 
moTxovnaTa raodenoba, sistemaSi myof moTxovnaTa 
saerTo, raodenoba. 

RilakiT `diagrama~ gamoitaneba gaangariSebis 
Sedegad miRebuli grafikebi. kerZod, 1.3 naxazze 
mocemulia  programulad miRebuli diagrama serveris 
datvirTvis damokidebulebisa moTxovnaTa mosvlis 
sixSireze serverebis sxvadasxva raodenobisaTvis (mag., 
3-:-7). 
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nax.1.3. 

 
 
1.4 da 1.5 naxazebze ki mocemulia  diagramebi 

moTxovnaTa rigSi dgomis drois damokidebulebisa 
moTxovnaTa mosvlis sixSireze serverebis sxvadasxva 
raodenobis (mag., 3-:-6) SemTxvevaSi. bolo diagramebidan 
kargad Cans, Tu rogor iklebs moTxovnaTa rigSi 
dgomid dro momsaxure arxebis momatebiT. 
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nax.1.4 

 
nax.1.5. 
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4. ganawilebuli sistemis resursebis marTvis  
procesis kvleva petris qselis grafiT  

dinamikur reJimSi 

 
axla gavaanalizoT kompiuteruli qselis 

moqmedeba dinamikur reJimSi. am SemTxvevaSi serverebis 
mier klientTa moTxovnebis dakmayofilebis procesi 
SeiZleba modelirebul iqnas tranzituli droiTi 
petris qselis (Timed Transition Petri Net) saSualebiT [4].  

petris qselis droiTi gafarToeba Cvens 
SemTxevaSi iqneba albaTuri (stoqasturi). amgvarad, 
aseTi qselis analizi SesaZlebelia markovis 
meTodebis gamoyenebiT, romelSic dro 
eqsponencialuradaa ganawilebuli [5].  

stoqasturi petris qselis misaRebad saWiroa 
`pozicia-gadasasvlelebis qsels~ daematos 
gadasasvlelTa gaSvebis (dayovnebis, molodinis) 

droTa momentebi (magaliTad, μ1, μ2, . . . , μn).  
ganvixiloT kerZo magaliTi kompiuterebis 

qselisaTvis, ori serveriTa da sami klientiT. 1.6 
naxazze mocemulia Sesabamisi stoqasturi petris 
qselis sawyisi mdgomareoba.  

2P

 
 

nax.1.6. 

3P1t 3t2t
1P

6P
4P 5P

8P 9P7P
4t 6t5t
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markeris arseboba S1(p1,p2,p3) da S2(p7,p8,p9) 

serverebSi miuTiTebs maT mzadyofnaze klientebis 

momsaxurebisaTvis. 

davuSvaT, rom C(p4,p5,p6) klientis poziciebSi 

markerebi mudmivadaa, e.i. moTxovnebi arsebobs da 

isisni elodeba serveris momsaxurebas. rogorc 

aRvniSneT, Tj gadasasvlelis gaxsnis droa (anu 

momsaxurebis dayovnebis dro). Tj-uri gadasasvlelis 

gaxsnis saSualo dro iqneba 1/μ, sadac μ 

gadasasvlelis gaxsnis intensivobaa.  

sistemis mdgomareobebi, anu markerebis simravle 

SeiZleba ase Caiweros: 

p poziciebi da t gadasasvlelebi: 
M1__100111001 
M2__010111001 
M3__100111100 
M4__010111001 
M5__100111010 
M6__001111100 
M7__010111010 
M8__001111010 
sadac Mi, 0<=i<=K mdgomareobebia (markirebebi); Tj, 

1<=j<=L gadasasvlelebi; μj, 1<=j<=L _ dayovnebis dro 
gadasasvlelis gasaRebad. Cvens SemTxvevaSi m=3 da n=2, 
amitom kombinacia iqneba =9. nm

gadasasvlelebis gaxsnis organizeba, roca sistema 
yvela mdgomareobas gadis naCvenebia 1.7 naxazze, 
romelsac petris qselis miRwevadobis grafs uwodeben. 
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nax.1.7. 
 
aseTi stoqasturi petris qselis raodenobrivi 

analizi SeiZleba ganxorcieldes Sesabamisi markovis 
procesebis analiziT. ganvixiloT markovis jaWvis 
magaliTi, risTvisac am naxazze grafis rkalebze 

mivamagroT gadasasvlelebis gaSvebis μ  koeficientebi.  
CvenTvis sainteresoa davadginoT sistemis 

TiToeul mdgomareobaSi gadasvlis albaTobebi, 
amisaTvis saWiroa SevadginoT kolmogorovis 
gantolebaTa sistema:  

P5*μ6+P3*μ3-P0*(μ1+μ4)=0 
P7*μ6+P0*μ1-P1*(μ2+μ4)=0 
P0*μ4+P6*μ3-P2*(μ1+μ5)=0 
P6*μ3+P0*μ4-P3*(μ1+μ5)=0 
P1*μ4+P2*μ1-P4*(μ2+μ5)=0 
P2*μ5+P8*μ3-P5*(μ1+μ6)=0 
P3*μ4+P4*μ2-P6*(μ3+μ5)=0 
P4*μ5+P5*μ1-P7*(μ2+μ6)=0 
P6*μ5+P7*μ2-P8*(μ3+μ6)=0 
P0+P1+P2+P3+P4+P5+P6+P7+P8=1  
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magaliTad, Tu davuSvebT, rom μ1=3,  μ2=5,  μ3=2,  
μ4=3,  μ5=1,  μ6=7, maSin albaTobaTa mniSvnelobebi, 
Sesabamisad iqneba: 

P0=0.11;  P1=0.05;  P2=0.07;  P3=0.26;  P4=0.06; P5=0.02; P6=0.37;  
P7=0.01; P8=0.05. 

unda aRiniSnos, rom kompiuteruli qselisaTvis 

erTi mdgmareobidan meoreSi gadasvlis intensivoba μ 
aris serveris mier Sesabamisi klientis moTxovnis 
momsaxurebisaTvis saWiro drois Sebrunebuli sidide, 
e.i. 1/Ts. am gantolebaTa sistemis gausis meTodiT 
amoxsniT miviRebT sistemis erTi mdgomareobidan 
meoreSi gadasvlis albaTobebs P0,P1,P2, . . . ,P8

 
 

5. biznes procesebis modelireba masobrivi 
momsaxurebis Caketili sistemebiT 

 
Tavisufal sabazro ekonomikis pirobebSi biznes-

procesebis marTvis erT-erTi ZiriTadi meTodia 
maTematikuri modelireba. Ffaqtobrivad, sistemuri 
analizisa da operaciaTa gamokvlevis maTematikuri 
meTodebi xdeba ekonomikur gamokvlevaTa ganuyofeli 
nawili.  

amasTan, ekonomikur-maTematikuri modelirebis 
erT-erTi mniSvnelovani nawilia masobrivi 
momsaxurebis Teoria saxeldobr, masobrivi 
momsaxurebis Caketili sistemebi. swored maTi 
meSveobiT aRiwereba mravali ekonomikuri sistema, 
romelTa funqciobaSi gadamwyvet rols asrulebs 
SemTxveviTi (stoqasturi) faqtorebi. 

Mmeores mxriv, aseTi sistemebis marTvis erT-erTi 
arsebiTi atributia maTi funqciobis efeqtianobis 
ekonomikuri maCveneblis (kriteriumis) SerCeva, rac 
Tavis mxriv optimaluri samoqmedo gadawyvetilebaTa 
miRebis safuZvelia. es imas niSnavs, rom alternatiuli 
samoqmedo variantebidan airCeva is, romelsac 
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Seesabameba efeqtianobis ekonomikuri maCveneblis meti 
an naklebi mniSvneloba.  

Bbunebrivia, rom efeqtianobis kriteriumSi 
gaTvaliswinebuli unda iyos sistemaSi arsebuli 
danaxarjebi, Semosavlebi, mogeba, sajarimo sanqciebiT 
gamowveuli zarali da sxva ekonomikuri aspeqtebi, 
romlebic obieqturad asaxaven sistemis sabazro 
mdgomareobas.  

aRniSnul garemoebaTa gonivruli Sexameba 
warmatebuli biznesis ZiriTadi sawindaria. 

Cveni qveynis mZime socialur ekonomiuri 
mdgomareobisa da arsebuli sagadasaxado  
kanonmdeblobis  gaTvaliswinebiT  sakmaod rTulia 
Tavi davaRwioT gakotrebas da vawarmooT warmatebuli 
konkurentunariani biznesi.  

Cveni mizania biznesis marTvis sistemisTvis 
SevqmnaT gadawyvetilebaTa miRebis xelSemwyobi, iseTi 
efeqtiani modeli, romlis mTavari orientiri iqneba 
warmatebisaTvis aucilebeli samuSaoebis Sesrulebis 
optimaluri pirobebis Seqmna. 

biznesis erT-erT sayovelTaod gavrcelebul 
saxeobas warmoadgens e.w. `savaWro obieqtTa  biznesi~, 
sadac saqme gvaqvs klientebis momsaxurebasTan. erTi 
SexedviT am martiv saqmianobasTan dakavSirebulia 
sakmaod didi sirTuleebi. 

Kkonkretulad ganvixiloT maRaziaTa muSaobis 
principi. maRaziia yovelTvis droulad unda iyos 
uzrunvelyofili klientis moTxovnilebis Sesabamisi 
maRali xarisxis produqciiT, radgan ararealizebadi 
saqoneli igivea, rac maRaziaSi arsebuli carieli 
daxlebi. (arsebobs klientTa mozidvis sxva mravali 
faqtori, romelTa ganxilvasac aq ar SevudgebiT). 
klientTa moTxovnilebis dakmayofilebis pirobis ukan 
dgas erT-erTi mniSvnelovani faqtori, rac 
mdgomareobs maRaziis momsaxurebaSi. 

 Tu Cven saTanado analizis gareSe gavzrdiT 
momsaxure personals, raTa droulad da maRal doneze 
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moxdes Sesabamisi momsaxureba, SesaZlebelia  
miRebuli xarjebi imdenad didi aRmoCndes, rom bevrad 
gadaaWarbos arsebul mogebas, rac sabolood 
migviyvans gakotrebamde. Aamitom unda SevarCioT 
saqmianobis iseTi modeli, romelic zustad 
gansazRvravs, Cvens mier SerCeul obieqtis momgebian 
muSaobas.  

ekonomikis sferoSi Teoriul da gansakuTrebiT 
praqtikul doneze xSirad ismis iseTi amocanebi sadac, 
saqme exeba didi raodenobiT momxmarebelTa 
momsaxurebis process. swored aseTi tipis amacanaTa 
gadasaWrelad yvelaze efeqturi saSualebaa masobrivi 
momsaxurebis Teoriis (mmT) gamoyeneba.  

mmT-s gamoyenebiT saSualeba gveZleva 
gamovikvlioT da SeviswavloT sistemis marTvis 
procesebi, davadginoT saTanado kanonzomiereba am 
sistemis calkeul elementebs Soris da miRebuli  
Sedegebi gamoviyenoT aRniSnul procesTa srulyofaSi.   

Cveni Semdgomi miznebisaTvis ganvixilavT Semdegi 
saxis sistemas. 

masobrivi momsaxurebis sistema Sedgeba ori 
saxeobis elementisagan  

1. momxmarebeli obieqtebi, romlebic saWiroebs  
saTanado momsaxurebas da  

2. momsaxure obieqtebi, romlebic gankuTvnilia 
momxmarebels gauwios momsaxureba.  

Cven ganvixilavT aseT amocanas: mocemuli gvaqvs 
savaWro firma m  raodenobis maRaziebiT.  am maRaziaTa 
qsels, saqonlis momaragebaze  emsaxureba n brigada. 
rogorc ki romelime maRaziaSi gaCndeba moTxovna 
romelime saxis saqonelze, maRaziis xelmZRvaneli 
ukavSirdeba sawyobs da ukveTavs saqonels. yovel 
brigadas erTsa da imave dros SeuZlia moemsaxuros 
mxolod erT maRazias, xolo Tuki SekveTis mosvlis 
dros yvela brigada dakavebulia, maSin saqonlis 
mitana gadaideba manamdis, sanam ar ganTavisufldeba 
romelime brigada. Tu moTxovnaTa raodenoba 
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gadaaWarbebs brigadebis raodenobas  maSin 
warmoiqmneba rigi momsaxurebaze.   

momxmarebel obieqts warmoadgens maRaziaTa m  
raodenoba, rac Seadgens moTxovnaTa m moculobis 
sasrul wyaros. Mmomsaxureobis obieqts ki  Seadgens n 
raodenobis momaragebis brigada (nax.1.8).  

 moTxovnaTa wyaro momsaxurebis organo

nax.1.8. 
 
SemovitanoT aRniSvnebi: 

• erTi maRaziidan Semosul moTxovnaTa saSualo 

raodenoba drois erTeulSi - λ ; 

• erTi moTxovnis momsaxurebis saSualo dro – 1 /μ ; 

• momsaxurebuli moTxovnebis saS. raodenoba drois 
erTeulSi –α ; 
• erTi  moTxovnis momsaxurebidan Semosuli saSualo 
Semosavali drois erTeulSi – c1;  
• momsaxurebis erTi organos Senaxva drois erTeulSi 
jdeba – c2  lari 

• klientis lodini drois erTeulSi iwvevs jarimas–  
c3 lari. 

sistemaSi dayenebuli moTxovna gadaecema 
momsaxure organoebs da iwyeba moTxovnis 
dakmayofileba. im SemTxvevaSi Tu romelime momsaxure 
organo Tavisufalia, winaaRmdeg SemTxvevaSi moTxovna 
dgeba rigSi da elodeba, sanam ar gaTavisufldeba 
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romelime momsaxure  organo da misi dakmayofileba 
moxdeba mxolod im SemTxvevaSi, roca dakmayofildeba 
mis win mdgomi yvela moTxovna. maSasadame moqmedebs 
momsaxurebis araprioritetuli disciplina FCFS ( First 
Come, First Served) _ `movida pirveli, momsaxurda 
pirveli~). 

momsaxurebis sistemaSi sruldeba ori saxis 
operacia: 1) moTxovnis `warmoSoba~; 2) moTxovnis 
momsaxureba. Ppirveli aris fiqtiuri operacia, meore 
realuri. davuSvaT, rom orive saxis operaciis 
xangrZlivobebi eqsponenturad ganawilebuli 
SemTxveviTi sidideebia.  

aseT pirobebSi sistemis funqcioba aRiwereba 
markovis procesiT mdgomareobaTa diskretuli 
sivrciTa da uwyveti droiT. 

sistemis yofaqceva droSi aRiwereba funqciebiT 
P(i,t)= P{t momentSi momsaxurebaze da rigSi myofi 

moTxovnaTa raodenoba aris i }. i = m,0 . 

standartuli albaTuri msjelobis safuZvelze 
miRebulia diferencialur gantolebata sistema P(i,t) 
funqciebis mimarT (kolmogorovis gantolebebi). 

sistemis stacionaluri mdgomareoba aRiwereba 
algebrul gantolebaTa Semdegi sistemiT: 

 

 
 
sadac   

 
da amasTanave 
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- sistemis ekonomikuri efeqtianobis maCvenebeli 
aRvniSnoT F-iT.  igi aris drois erTeulSi arsebuli 

sufTa mogeba:PFF=F(m,n, λ ,μ ) ; 
- drois erTeulSi sistemis Semosavali Seadgens - c1α . 
- sistemis danaxarjebi Seadgens – c2n; 
- klientis lodiniT gamowveuli jarima iqneba – c1∂, 
sadac ∂ - aris drois nebismier momentSi momsaxurebaSi 
myofi moTxovnebis saSualo raodenoba. 

albaTobis Teoriidan cnobilia, rom 

∂=∑  
=

m

i
iiP

0
)(

cxadia, rom  ∂ aris m,n,λ, μ  parametrebis funqcia  
∂= ∂ (m,n,λ, μ ) 

aseve, β-aris igive parametrebis funqcia  
α = α (m,n,λ, μ ). 

sabolood miviRebT sistemis mogebis funqcias: 
F=F(m,n,λ, μ ) = c1α   (m,n,λ, μ ) _ c2n _ c3∂ (m,n,λ, μ ). 

Aam funqciis gamoyenebiT SeiZleba daisvas da 
amoixsnas maTematikuri daprogramebis Semdegi 
amocanebi:  
1) m,λ, μ  - parametrebi fiqsirebulia, vipovoT n-is 
mniSvneloba, romelic F – funqcias mianiWebs maqsimalur 
mniSvnelobas; 
2) m, λ, μ  - parametrebi fiqsirebulia, vipovoT m - is 
mniSvneloba, romelic F – funqcias mianiWebs maqsimalur 
mniSvnelobas.  

# m,  n P(0) P(1) P(2) P(3) P(4) P(5) 
1 5, 1 0.3*10-6 0.008 0.0007 0.014 0.19 0.79 
2 5, 2 0.25*10-6 0.00002 0.0006 0.012 0.15 0.08 
3 5, 3 0.003*10-5 0.0004 0.00004 0.00012 0,2 0,8 
4 5, 4 0.260.10-5 0.00015 0.0046 0.06 0.3 0.55 
5 5, 5 0.24*10-5 0.0002 0.0052 0.07 0.42 0.50
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δ= - formulis gaTvaliswinebiT SegviZlia 

davweroT, roca:   

∑
=

m

i

iiP
0

)(

1) n=1, m=5, δ=4,7;  
2) n=2, m=5, δ= 1,1;      
3) n=3, m=5, δ= 4,8;     
4) n=4, m=5,  δ= 4,5;   
5) n=5, m=5,  δ= 4,4; 
 
sabolood: F mniSvnelobisaTvis miviRebT:   

 
 

# c1 c2 c3 n α  δ F 
1 3.4 2.01 0.68 1 5 4.7 18.6 
2 3.4 2.01 0.68 2 5 1.1 19.04
3 3.4 2.01 0.68 3 5 4.8 14.48
4 3.4 2.01 0.68 4 5 4.5 12.7 
5 3.4 2.01 0.68 5 5 4.4 10.76

 
 

ganxiluli xuTi 
SemTxvevidan optimaluri 
variantia me-2, roca m=5, 
n=2; vizualurad SeiZleba 
es procesi gamovsaxoT 
grafikis saSualebiT, Tu 
abscisaTa (n) RerZze 
momsaxurebis obieqtTa 
mniSvnelobebs gadavzo-
mavT, xolo oordinatTa 
RerZze (F) Sesabamis 
mogebis koeficientebs 
miviRebT:  Fmog.= max. 

F

Fmax

n

Ffaqtobrivad, es aris mTelricxovani 
daprogramebis amocanebi, romelTa amoxsna m-is da n-is  
realuri mniSvnelobisaTvis  (n≤m≤30) SesaZlebelia  
kompiuteruli gadarCevis meTodiT.  
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6. kompiuteruli qselis resursebis sinqronizebis 
procesis  modelireba petris qselebiT 

mravalmomxmareblur reJimSi 

 
petris qselebis Teoriis gamoyeneba realuri 

samyaros gansxvavebuli sagnobrivi sferoebis 
modelirebisa da analizisaTvis popularulad aris 
warmodgenili mraval naSromSi [4,6,7].  

ZiriTadad ganixileba procesebis, gamoTvliTi 
sistemebis teqnikuri da programuli uzrunvelyofis 
sxvadasxva saxis amocanebis modelirebis sakiTxebi. 
maT Soris paraleluri procesebis efeqturi 
marTvisaTvisac.  

1.9 naxazze mocemulia petris qselis grafiT 
kompiuteruli sistemis ZiriTadi resursebis 
warmodgenis tipuri magaliTi [8].  

 
nax.1.9 

 
aq P1 aRwers movlenas, rom centraluri 

procesori Tavisufalia; P2 _ moToxvnis Semosvla da 

molodinis gadasvla; P3 _ moTxovna Setana-gamotanis 

molodinis mdgomareobaSia; P4 _ pirveli S/g-1 

mowyobiloba Tavisufalia; P5 _ S/g-2 Tavisufalia; P6 
_ moTxovna Sesrulebulia. 
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gadasasvlelebi asaxaven Semdeg procesebs: t1 _ 

centraluri procesori asrulebs moTxovnas; t2 _ 

muSaobs S/g-1 da t3 _ S/g-2 mowyobilobani. gamoTvliTi 

sistemis muSaobis procesis modelireba mdgomareobaTa 
sivrceSi gamoisaxeba Semdeg markirebaTa veqtorerebiT: 

1.10 naxazze mocemulia misi Sesabamisi 
miRwevadobis xis fragmenti.  

 
nax.1.10 

 
am magaliTidan kargad Cans, rom t1-is gaSvebis 

Semdeg (ix. striqoni m1) markeri gadaadgildeba P2-dan 
P3-Si da am situaciaSi warmoiSoba konfliqturi 

situacia: SeiZleba t2-is an t3-is gaSveba, magram erTis 

gaSveba ablokirebs meores. m1 mdgomareobaSi 

SesaZlebelia axali moTxovnis mosvla (P1-Si Cndeba 

markeri) da am situaciaSi SesaZlebelia paralelurad 
t1 da t2 an t1 da t3-is Sesruleba.  

axla ganvixiloT Cveni erT-erTi amocanisaTvis 
petris qselis instrumentis gamoyeneba SesaZlebloba, 
kerZod lokalur qselSi monacemTa ganawilebuli 
bazebis sinqronizebuli gamoyeneba mravalmomxmareb-
lur reJimSi. 

 qselis topologia SevirCioT saerTo saltiT (an 
varsklavuri) erTi serveriT. davuSvaT, rom monacemTa 
bazebi ganawilebulia kvaZebSi Sereuli strategiis 
Sesabamisad (rogorc yvelaze rTuli modeli), xolo 
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maTi katalogi moTavsebulia centralizebul server-
monacemTa bazaSi. kvanZebSi dasaSvebia maTi lokaluri 
bazebis monacemTa katalogebis qvesimravleebis 
arseboba. momxmareblebi sargebloben Tanabari 
prioritetiT. maTi moTxovnebis (tranzaqciebis) 
mosvlis albaToba ganixileba ganawilebis puasonis 
kanoniT. 

moTxovnebi muSavdeba lokalur kvanZebSi Tu maT 

sWirdeba sxva bazebis monacemebi, winaaRmdeg 

SemTxvevaSi isini mimarTaven server-egms da Tu 

Sesabamisi gadacemis arxi da bazis failebi 

Tavisufalia, miiReben garkveuli predikatiT 

damuSavebul informacias. Tu monacemebi 

blokirebulia sxva tranzaqciebiT, maSin es moTxovna 

dgeba Sesrulebis rigSi an xelmeored miewodeba 

garkveuli drois intervalis Semdeg. 

petris qselebis gamoyenebiT msgavsi procesebis 

modelireba SesaZlebelia sinqronizaciis unaris mqone 

procedurebiT [9]. aseT amocanaTa klass miekuTvneba 

procesebis urTierTgamoricxvis, Cixebis regulirebis 

(`brZeni Cinelebis Sesaxeb~), p da v -operaciebi 

semaforze da sxva.  

 1.11 naxazze warmodgenili gvaqvs mravalmomxmareb-

lur reJimSi, zogadad n-kvanZisa da erTi server-

manqanis SeTanxmebuli funqcionirebis procesis 

fragmenti petris qselis grafiT, kerZod moTxovnebis 

(tranzaqciebis) dasakmayofileblad. 
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nax.1.11 
 

sqemis poziciebia: M _ moTxovna elodeba 
Sesrulebas (poziciaSi aris minimum erTi markeri), an 
ar elodeba (araa markeri); E _ damuSavebuli moTxovna 
(markeri >1), an daumuSavebeli (=0); S _ sinqronizaciis 
poziciaa da misi saSualebiT aq modelirdeba saerTo 
resursi (magaliTad, monacemebi, gadacemis arci da a.S.) 
misi mniSvnelobaa _ resursi Tavisufalia 
gamosayeneblad (markeri >1), an ar aris Tavisufali 
(=0).  sqemis gadasasvlelebia; t _ moTxovna muSavdeba; k 
_ moTxovna damuSavda. sawyis mdgomareobaSi SeiZleba 
davuSvaT, rom moTxovna yvela kvanZSi Semosulia da 
elodeba Sesrulebas, S server-manqanis resursi 
Tavisufalia (S=1). mocemul situaciaSi SesaZlebelia 
nebismieri erTi  gadasasvlelis gaxsna. aq adgili aqvs 
konfliqtur situacias, radgan erTis gaxsna 



 35

ablokirebs danarCenebs. vTqvaT, Sesrulda t1, maSin 

markeri M1-dan gadaadgildeba E1-Si da markeri S-Si 
igive rCeba (gaicema 1 da emateba 1). meore bijze 
SesaZloa ori paraleluri proceduris Sesruleba: 

1) K1-is gaSveba da axali moTxovnis momzadeba 

pirvel kvanZSi; 
2)  erTi romelime gadasasvlelis gaxsna. 
amgvarad, mimdevrobiT gadamuSavdeba moTxovnebi 

yvela kvanZSi, Tumca SesaZloa procesi ise 
warimarTos, rom 1 da 2-is monacvleobiT miviRoT 
usasrulo molodinis cikli [9].  

1.12 naxazze mocemulia wina naxazze ganxiluli 
petris qselis Sesabamisi miRwevadobis xis fragmenti 
(SesaZloa usasruloc).  

 
nax.1.12 

 
axla SedarebiT gavaRrmavoT (davazustoT) 

modelirebis procesi: sinqronizaciis poziciis (S) 
detalizebuli aRwera, moTxovnebis formirebis 
generatoris SemotaniT (G), moTxovnis analizisa (I) da 
misi damuSavebis Sedegebis (O) gacemiT. 1.13 naxazze 
mocemulia am procesis petris qselis fragmenti.  
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nax.1.13 

 
aq  aris moTxovnis analizis Catareba resursebis 

Sesaxeb (lokalur katalogSi). Tu moTxovnisaTvis 
yvela saWiro resursi aqvea, maSin (_I_.T./.F.) 
gadawyvetilebis bloki gansazRvravs  mdgomareobaSi 
gadasvlas (lokalur bazasTan mimarTva), romlis 
Semdegac gaiSveba  gadasasvleli (Sedegis gacema) Oi-Si. 

Tu gadawyvetilebis bloki iZleva .F.-s, maSin 
moTxovna formirdeba saerTo resursebis 
gamosayeneblad da igi mimarTavs server-mb-s (ufro 
zustad moTxovna gadadis damuSavebis molodinis 
mdgomareobaSi), -Si Tavsdeba markeri da igi elodeba 



 37

sinqronizaciis -1 poziciidan. zogadad SeiZleba 
miviRoT, rom sinqronizaciis s veqtoris  elementebi  
gadasasvlelebis mimdevrobiTi (sinqronuli gaSvebiT) 
Rebuloben markers, rodesac  kvanZSi moTxovnaa da  
poziciaSi movida markeri, maSin ixsneba  gadasasvleli. 
moTxovna Rebulobs arxiT saWiro monacemebs da 
markeri gadadis Ei poziciaSi. Si-dan markeri gaicema tj-
is gaSvebis dros, amitom gadasasvleli blokirebulia. 
tj-is gaSvebiT Si-Si brundeba markeri, ris Semdegac SesaZloa 

markeris gadagzavna Semdegi kvanZisaTvis.  
SesaZlebelia 1.14 naxazis ganxilva, rogorc 

alternatiuli qselis fragmenti. 

 
nax.1.14 
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1.15 naxazze naCvenebia klient-server arqiteqturiT 
organizebuli ganawilebuli sistemis petris qselis 
modeli. igi agebulia PetEdit grafo-analizuri 
redaqtoris garemoSi, rac iZleva misi  Semdgomi  
analizis saSualebas procesebis imitaciis gziT [7]. 

     
amgvarad, SesaZlebelia kvlevis obieqtis Semdgomi 

dazusteba, rac asaxuli iqneba petris qselis Sesabamis 
detalizebul fragmentSi. amitom damproeqtebeli 
TviTon wyvets, Tu obieqtis qcevis romeli 
detalizaciis modelirebas apirebs.  

petris qselis analizisaTvis SesaZlebelia 
agreTve gadasasvlelebisaTvis dayovnebis droiTi 
parametrebis ganxilva. am mxriv sayuradReboa petris 
qselis determinirebuli da stoqasturi modelirebis 
funqcionirebis analizi [4]. 



 39

7. petris qselebis mizez-Sedegobrivi procesebis 
predikatul formaSi asaxva 

 
germaniis humboldtis universitetis profesoris, 

volfgang reisigis mier (karl petris mowafe) Rrmad 

iqna Seswavlili da warmodgenili petris qselebis 

gamoyenebis Sedegebi obieqtebis qcevis modelirebisa 

da analizisaTvis, maTi kavSiri nawilobriv 

mowesrigebul sistemebTan, asaxvis predikatul da 

relaciur formebTan da a.S. [6]. 

Cveni mizania zemoT warmodgenili ganawilebuli 
resursebis sinqronizaciis modelis Sesabamisi petris 
qselis analizi da predikatuli formiT warmodgena.  

1.15-a,b naxazis Sesabamisad ganvixiloT mizez-
Sedegobrivi damokidebulebis modelis fragmenti, 
xolo Mi, Ei-moTxovnebi _ rogorc markerebi qselis 

poziciebis ganzogadebiT miviRebT predikatebs. 
m(M1,M2, . . . Mn) _ `momlodine moTxovnebi~ (m(Pi,i=2,n); 

e(E1,E2, . . . En) _ `damuSavebis moTxovnebi~ (e(P1); 
s(S1,S2, . . . Sn) _ `Tavisufali resursebi~ (s(S1)  

da a.S.  (nax.1.16). 
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nax.1.15-a 
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nax.1.15-b 
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nax.1.16 

 
 

momdevno bijze ganvazogadebT gadasasvlelebs da 
miviRebT 1.17 naxazze warmodgenil suraTs.  

 

 
 

nax.1.17 
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aq x cvladia, romelic iRebs konkretul 
mniSvnelobebs, xolo z(x)_iT aRiwereba semantikuri 
kanoni, magaliTad, resursebis ganawilebis Sesaxeb. 

z: P->S, sadac Pi->Si+1, if i=1,n-1 da Pn->S1 
predikatebs Soris arsebuli faqtorebis asaxvis 

sqema mocemulia aqve. faqtebs aqvT Semdegi logikuri 
gamosaxva da semantika: 

t1: ~(m(x)^e(x)): moTxovna (tranzaqcia) romelic 

muSavdeba, ar elodeba Sesrulebas da moTxovna, 
romelic elodeba Sesrulebas, ar muSavdeba; 

t2: p(x)->m(x)Ve(x): yoveli moTxovna muSavdeba an 

elodeba Sesrulebas, sxva moqmedeba gamoricxulia; 
t3: s(z(x))->m(x): Tu resursi Tavisufalia, maSin 

moTxovna ar muSavdeba; 
t4: ~(e(x)^s(z(x))): Tu moTxovna muSavdeba, maSin 

resursi dakavebulia, da Tu resursi araa dakavebuli, 
maSin moTxovna ar muSavdeba.  
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8.  ganawilebul sistemebSi monacemTa sacavis 
informaciuli blokebis damuSavebis procesebis 

asaxva petris qselebis  gamoyenebiT 

 
Tanamedrove marTvis sainformacio sistemebis 

daproeqteba da realizacia xorcieldeba uaxlesi 
informaciuli teqnologiebiT, romelTa safuZvelsac 
obieqt _ orientirebuli midgoma warmoadgens. 

organizaciuli sistemebis marTvis problemebis 
da amocanebis gadawyvetis Tanamedrove kompiuteruli 
da informaciuli teqnologiebis gamoyenebis erT-erTi 
aqtualuri da mniSvnelovani mimarTulebaa   monacemTa 
sacavi, romelic ukavSirdeba mravaldonian 
ganawilebul sainformacio sistemis Seqmnas. 

monacemTa sacavebis  damkvidreba gamowveuli iyo 
im aucileblobiT, romelic ganapiroba marTvis did da 
rTul sistemebSi ganawilebuli informaciuli bazebis 
monacemTa `sawyobSi~ Tavmoyram.  

es ukanaskneli  SesaZlebels xdis momxmarebels 
mieces monacemTa interaqtiuli kriteriumebiT 
gansazRvris teqnikuri saSualeba, saWiro monacemTa 
struqturis intensiurobis dasadgenad. amis gamo 
analizuri procesebis sistema eyrdnoba 
mravalganzomilebian monacemTa struqturas, romelic 
monacemTa adekvatur prezentacias uwyobs xels.  

bolo periodis ganmavlobaSi programuli 
industriis swrafma ganviTarebam mniSvnelovan 
warmatebas miaRwia. maT Soris unda aRiniSnos 
monacemTa bazebis marTvis sistemebis programuli 
paketebis udidesi wili msofli bazarze, romelTa 
Soris Rirseuli adgili ukavia ORACLE, MsSQL Server da 
sxv. 

rogorc aRviSneT, mravaldoniani ganawilebuli 
sainformacio sistemebis monacemTa sawyobebSi Tavs 
iyris am obieqtisaTvis mniSvnelovani informaciuli 
blokebi, romelTa klasifikacia SeiZleba konteqsturi 
aspeqtebiT ganxorcieldes. magaliTad, Tu ganvixilavT 
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did savaWro cantrebs, informaciuli obieqtis 
istorias, produqciis koniunqturas, fasebis, 
saqonelbrunvis, TanamSromelTa, savaWro gegmisa da 
faqtobrivi finansuri Semosavlebis, partniorebisa da 
konkurentebis, klientebsa da saerTo bazris 
moTxovnilebebis Sesaxeb da a.S.  

informaciuli blokebi, romlebic monacemTa 
sacavebSia ganawilebuli, mizanmimarTulad Tavsdeba 
internet–gverdebze da xelmiaswvdomia farTo 
momxmareblisTvis. 

obieqt_orientirebuli analizisa da daproeqtebis 
midgoma gulisxmobs ara mxolod sainformacio 
sacavebis Seqmnas, aramed misi informaciuli blokebis 
miznobrivad damuSavebis programebis paketebis Seqmnas 
da gamoyenebas.  

klasis, rogorc marTvis sainformacio sistemis 
ZiriTadi damaxasiaTebelia inkafsulaciis, memkvidreo-
biTobis da polimorfizmis Tvisebebi. inkafsulacia ki 
gulisxmobs garkveuli meTodebis SemuSavebas 
informaciuli blokebis dasamuSaveblad. 

magaliTad, did savaWro centrebisTvis aseTi 
meTodebi SeiZleba iyos momxmarebelTa moTxovnis 
gansazRvra (marketuli gamokvlevis informaciuli 
bloki), savaWro gegmebisa da saqonelbrunvis marTva 
(istoriuli, tradiciuli, regionaluri aspeqtebis 
gaTvaliswinebiT), momxmarebelTa (klientTa) 
momsaxurebis formebisa da procesis gaumjobeseba 
(rigebis Semcireba, yuradRebiani momsaxureba da a.S.) 
prognozis, analizis, optimizaciis meTodebis 
gamoyeneba da a.S. 

magaliTisTvis winamdebare naSromSi Cven SevexeT 
masobrivi momsaxurebis iseT programul pakets, 
rogoricaa GPSS_World sistema, romelic  
damuSavebulia  Minuteman Software (aSS) kompaniis mier. es 
kompleqsuri modelirebis instrumenti gamoiyeneba 
diskretuli da uwyveti procesebis kompiuteruli 
modelirebisaTvis. igi maRal doneze  asaxavs 
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interaqtiulobas da informaciis vizualur 
warmodgenas. 

GPSS World –s  Windows operaciuli sistemisTvis 
aqvs gafarToebuli SesaZlebloba, amasTanave igi 
warmoadgens internetidan integrirebuli funqciis 
muSobis samomxmareblo saSualebas.  

GPSS World – is Zlieri mxarea misi gamWvirvaloba 
momxmareblisTvis. gamWirvaloba momxmareblisTvis 
Rirebulia sami mizezis gamo: pirvel rigSi saSiSia 
gamoviyenoT ucnobi `Savi yuTis” tipis modelireba, 
romlis Siga meqanizmis funqcionireba dafarulia 
momxmareblisTvis. 

am SemTxvevaSi ar SeiZleba viyoT darwmunebuli, 
miesadageba Tu ara romelime konkretul SemTxvevas. 
agreTve ar gvaqvs aranairi garantia rom is imuSavebs 
Cveni moTxovnebis Sesabamisad.  

meore SemTxvevaSi, warmatebuli imitaciuri 
modeli Rirebuli da  vargisia drois xangrZliv  
monakveTSi. SeiZleba saWiro gaxdes axali 
momxmareblebisTvis modelirebis Siga procesebis 
gacnoba, es ki TiTqmis SeuZlebelia, Tu modeli ar 
aris maRal doneze gamWirvale.  

mesame ki, erT-erTi yvelaze efeqturi  da 
naklebad cnobili imitaciuri modelirebis 
kompiuterul monapovars warmoadgens sistemis 
moqmedebis arsSi SeRweva, rodesac gamocdil 
profesionals modelirebis sferoSi SeuZlia dainaxos 
saWiro momentSi modelirebis Siga dinamika.  

ganvixiloT magaliTi: `savaWro centrSi 
klientebTan molaris momsaxureba~. klientebi Semodian 
marketSi, SearCeven maTTvis sasurvel produqcias da 
elodebian momsaxurebas. situacia SeiZleba iyos aseTi:  
molare dakavebulia da klienti dgeba rigSi, an 
Tavisufalia da emsaxureba mas. davuSvaT yoveli 
klientis gamoCenis momenti da momsaxurebis dro 
molarisTvis cnobilia. Cveni mizania SevadginoT iseTi 
sistemis funqcionirebis imitacia, romlis drosac 
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cnobili iqneba molare drois ramdeni procentis 
ganmavlobaSi iqneba Tavisufali da drois ra Sualedi 
dasWirdeba klients marketSi yofnisaTvi, raTa ar 
moxdes didi rigebis warmoqmna da klientis dakargva.  

drois ganmavlobaSi sistemis mdgomareobis 
cvlilebis dinamikuri asaxva pirvel rigSi unda 
ganisazRvros samodelirebeli sistemis mdgomareobis 
gansazRvriT, Cvens SemTxvevaSi molaris mdgomareobiT 
(dakavebulia igi Tu Tavisufali) da klientTa 
raodenobiT. sistemis mdgomareoba Seicvleba Semdeg 
SemTxvevebSi 1) marketSi klientTa SemosvliT 2) 
molaris momsaxurebis damTavrebiT da momdevno 
klientis gasvliT. imitaciis ilustrirebisTvis 
sistemis mdgomareobas Cven ganvsazRvravT xdomilebaTa 
droiTi mowesrigebiT, igi Seesabameba klientTa 
Semosvlas da gasvlas. 

imitaciis Sedegi gamomavali monacemebis 
Sesabamisad  SeiZleba warmovadginoT 1-eli cxrilis 
saxiT: 

Semosvlis momenti da klientTan  
momsaxureobis dro 

cxr. 1.    
klientis 
nomeri 

Semosvlis 
momenti 

Momsaxure-
obis dro 

1 4,6 4,9 
2 12,5 3,6 
3 17,2 4,5 
4 17,9 2,4 

 
 

 
 
 
 
am cxrilis gaTvaliswinebiT SeiZleba SevadginoT 

me-2 cxrili, romlisTvisac saWiroa CavTvaloT, rom 
drois sawyis momentSi sistemaSi ar aris klienti, 
molare Tavisufalia da pirveli klienti Semodis, 
roca is 4,6-is tolia.    

me-2 cxrilSi 1-eli da me-2 svetebi arsebulia 
pirvelidan, momsaxureobis sawyisi dro aris me-3 
svetSi, romelic damokidebulia imaze momdevno 
klientma datova Tu ara marketi. me-4 svetSi wasvlis 
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dro gamoiTvleba, rogorc mesame svetis Sesabamisi 
elementebis jami da mocemuli klientis momsaxurebis 
dro, romelic gamoiTvleba 1-eli cxrilis daxmarebiT. 
yoveli klientis yofnis dro rigSi da marketSi 
gamoiTvleba 2. cxrilis daxmarebiT. am gardaqmnaTa 
saSualo mniSvneloba Sesabamisad tolia 2,27 da 5,97. 

cxrili 2. Seicavs Semajamebel informacias 
klientTan mimarTebaSi, magram ar Seicavs cnobebs 
molareze da rigis sigrZeze. am informaciis 
miRebisTvis saWiroa gamovikvlioT am situaciasTan 
dakavSirebuli movlenebi.  

xdomilebis dadgomisas `klientis Semosvla~ 
Semdgomi situacia marketSi ganisazRvreba molaris 
mdgomareobiT. Tu molare Tavisufalia, is gadadis 
mdgomareobaSi `dakavebulia~ da emsaxureba klients. 
amiT igegmeba xdomileba `mocemuli klientis wasvla~, 
romelic drois momentSi tolia mimdinare dros, 
damatebuli momsaxureobis dro.  

 

cxr.2.  

Tu molare dakavebulia, klientTa momsaxureba ar 
SeiZleba daiwyos da, Sesabamisad, klienti dgeba rigSi 
(rigis sigrZe izrdeba erTiT). movlenaTa damuSavebis 
logika `klienti tovebs markets~ damokidebulia rigis 
sigrZeze. Tu rigSi dgas erTi klienti mainc, maSin 
molare iTvleba dakavebulad, Tu klienti ver SeZlebs 
dalodebas tovebs rigs (rigis sigrZe Semcirdeba 
erTiT). Tu rigi Tavisufalia molare CaiTvleba 
Tavisuflad. 
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me-3 cxrilSi aRwerilia molaris mdgomareobis 
xdomileba, orientirebuli aRwera da marketSi 
klientTa raodenoba.  

 

 

cxr.3.  

 
 
am sidideTa cvlileba droSi SeiZleba 

gamovsaxoT grafikulad (nax.1.18) 
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nax.1.18

 
imitaciis Sedegi gviCvenebs rom pirveli 30 wuTis 

ganmavlobaSi marketSi saSualod erTdroulad 
imyofeboda 0,9klienti, xolo molare Tavisufali iyo 
drois 18,6%  procentiT 

qronologiurad, rom davalagoT Semosvlis da 
gasvlis xdomilebebi, saWiroa SemovitanoT 
xdomilebaTa Canawerebi, romelic eqvemdebareba Semdeg 
damuSavebas unda moxdes momdevno xdomilebis 
dadgomis momentis dafiqsireba da agreTve gasvlis. am 
momentebis SedarebiT ganisazRvreba romeli xdomileba 
unda iqnas SerCeuli. xdomilebis dadgomis dros 
sistemis mdgomareoba icvleba Sesabamisad logikur-
maTematikur damokidebulebiT, rac ukavSirdeba am 
xdomilebebs. sistemis mdgomareobis cvlileba 
SeiZleba ganvixiloT or aspeqtSi:  
1) rogorc procesi romelSic klients emsaxurebian 

(klientis Tvalsazrisi) da  
2) rogorc xdomilebaTa Tanamimdevroba, romelic 

iwvevs molaris mdgomareobis cvlilebas (molaris 
Tvalsazrisi). 
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1.19 naxazze warmodgenili petris qseli saSualebas 
iZleva SevarCioT momsaxurebis iseTi optimaluri 
mdgomareoba, rodesac klientTa momsaxureba 
SesaZlebelia minimaluri drois ganmavlobaSi. 

  

nax.1.19-a

 nax.1.19-b
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