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avtorTa Sesaxeb: 

giorgi gogiCaiSvili: saqarTvelos mecnierebaTa 

erovnuli akademiis wevr-korespondenti, stu-s informatikis 

fakultetis `organizaciuli marTvis~ departamentis 

ufrosi, marTvis  avtomatizebuli sistemebis mimarTulebis 

sruli profesori,  teqnikis mecnierebaTa doqtori. mravali 

samecniero naSromis da wignis avtori sistemebis 

modelirebis, situaciaTa analizis, operaciaTa kvlevis da 

obieqt-orientirebuli analizis sferoSi.   

gunter bolxi: germaniis niurnberg-erlangenis 

universitetis informatikis fakultetis profesori da 

akademiuri direqtori. teqnikis mecnierebaTa doqtori. 

mravali samecniero naSromis da wignis (maT Soris 

gamocemuli aSS-Si) avtori sistemebis modelirebis da 

rigebis Teoriis sferoSi. 2001 wlidan sistematurad 

monawileobda stu-s mas kaTedris saiubileo konferenci-

ebSi. iyo stu-s saqarTvelo-germaniis erToblivi saswavlo-

samecniero GeoGer-centris Tanadamaarsebeli da qarTveli 

studentebis menejeri erlangenis universitetSi.   

gia surgulaZe: stu-s informatikis fakultetis 

`marTvis avtomatizebuli sistemebis~ mimarTulebis 

xelmZRvaneli, sruli profesori, teqnikis mecnierebaTa 

doqtori. 55 wignis da 200-ze meti samecniero naSromis 

avtori informaciul teqnologiaTa sferoSi. stu-s 

saqarTvelo-germaniis erToblivi saswavlo-samecniero 

GeoGer-centris damaarsebeli da akademiuri direqtori. 

berlinis humboldtis da niurnberg-erlangenis 

universitetebis miwveuli profesori 1991-2013 wlebSi.   

lili petriaSvili: stu-s `marTvis avtomatizebuli 

sistemebis~ kaTedris asoc.profesori, teqnikis mecnierebaTa 

kandidati. 30-ze meti samecniero naSromis da wignis avtori 

marTvis sainformacio sistemebis daprogarmeba-modelirebis, 

petris-qselebis, monacemTa sacavebis, eleqtronuli 

komerciis da internet biznesis sferoSi.  
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saxelovani mecnierebi: 

ilia miqaZe da gunter bolxi 

 

    prof. ilia miqaZe   (1928-2010)  Prof. Dr. Ilia Mikadze 

damsaxurebuli mecnieri masobrivi 

momsaxurebis TeoriaSi. gamoTvliTi 

teqnikis da programuli sistemebis 

damuSavebis, warmoebis da danergvis 

erT-erTi TvalsaCino fuZemdebeli 

saqarTveloSi da sazRvargareT. mis 

mier Seqmnili meTodebi sistemuri 

analizis, masobrivi momsaxurebis, 

saimedoobis Teoriis mniSvnelovani 

mecniruli monapovaria. man Zvirfasi  

mecnieruli memkvidreoba dautova 

qarTul sainJinro skolas am 

mimarTulebiT. misi uSualo 

xelmZRvanelobiT mravali warmate-

buli sadoqtoro da sakandidato disertacia iqna daculi. iyo 

studentebis didi qomagi da Rirseuli profesori auditoriaSi.               

   Prof. Dr. Gunter Bolch 
prof. gunter bolxi (1940-2008), 

germaniis niurnberg-erlangenis 

universitetis `qseluri da 

operaciuli sistemebis” kaTedris 

akademiuri direqtori, iyo stu-s 

saerTaSoriso samecniero Jurnal 

`marTvis avtomatizebuli sisteme-

bi” redkolegiis wevri, `germania-

saqarTvelos erToblivi saswavlo-

samecniero centris damaarsebeli, 

1991 wlidan axalgazrda qarTvel 

mecnier-staJiorTa gulisxmieri 

kuratori erlangenis universi-

tetSi. misma wignebma da kvlevebma rigebis Teoris, qseluri 

sistemebis modelirebis sferoSi warmatebuli aRiareba moutana. 

igi iyo miwveuli profesori aSS-is, braziliis, kanadis, ungreTis 

da sxva qveynebis universitetebSi. 
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` vuZRvniT gamoCenili mecnierebis  
ilia miqaZis da gunter bolxis naTel xsovnas ” 

 

Sesavali 

 

organizaciuli marTvis sainformacio sistemebis 

obieqt-orientirebuli daproeqteba, maTi vizualuri 

modelireba da analizi Semdgomi daprogramebiT, Tanamedrove 

vizualuri kompiuteruli teqnologiebis saSualebiT metad 

mniSvnelovani da aqtualuria, rameTu sagrZnoblad 

umjobesdeba proeqtis realizaciis xarisxi da mcirdeba misi 

damuSavebis dro da xarjebi. 

gansakuTrebiT sayuradReboa dRes firma maikrosofTis 

mier SemoTavazebuli daprogramebis axali platforma dot-

NET teqnologiis saxiT, romelic Windows- da Web- 

danarTebis asagebadaa gamiznuli Tavisi axali vizualur-

obieqt-orientirebuli daprogramebis instrumentebiT: 

VB.NET, C#.NET, C++.NET, ADO.NET, ASP.NET, XML, MS 

VISIO da a.S. [1,2,3]. 

meores mxriv, mniSvnelovania programuli inJineriis 

(Software Engineering) iseTi instrumentis aTviseba, 

rogoricaa unificirebuli modelirebis ena (UML - Unified 

Modeling Language), vinaidan igi iTvleba kompiuteruli 

programuli paketebis Seqmnis meTodologiurFsafuZvlad.      

esaa daprogramebis obieqt-orientirebul meTodze 

Seqmnili Tanamedrove informaciuli teqnologia, romelic 

aris modulebis specifikaciis, konstruirebis, 

vizualizebisa da dokumentirebis ena da aRniSvnaTa sistema. 

dRes am standarts iyenebs Microsoft, Oracle, Hewlet-Packard 

da sxva cnobili firmebi. 

daprogramebis Tanamedrove instrumentebi 

integrirebuli paketebia, romlebic aerTianebs monacemTa 

aRwerisa da manipulirebis enebs (monacemTa bazis saxiT), 

procedurebis damuSavebis  xerxebs klasTa Teoriis 

gamoyenebiT da standartul biblioTekebs.  
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amgvarad, maTSi realizebulia obieqt-orientirebuli 

daprogramebis meTodi da stili: inkafsulaciis, klasTa 

memkvidreobiTobis, polimorfizmisa da abstraqciis saxiT. 

kompiuterul qselebSi mimdinare dinamikuri 

procesebis modelirebisa da analizisaTvis aqtualuria 

petris qselebis instrumentis Seswavla. misi daxmarebiT 

aigeba marTvis sistemis aqtiurobaTa da mdgomareobaTa 

diagramebi (Activity and State Diagrams UML-Si), 

kompiuteruli qselebis procesebis  marTvis modeli 

konfliqturi situaciebis aRmofxvris mizniT da a.S.                

didi mniSvneloba eniWeba sistemuri petris qselebiT 

agebul modelebSi masobrivi momsaxurebis meTodebis 

gamoyenebas, raTa SesaZlebeli gaxdes aseT ganawilebul 

sistemebSi raodenobrivi analizis Catareba. aseTi sistemebis 

analizisaTvis naSromSi ganixileba sxvadasxva tipis 

maTematikuri modelebi, kerZod M/M/1, M/M/m, M/G/1, G/M/1, 

G/G/1 da sxva. CvenTvis gansakuTrebiT sayuradReboa M/M/m 

tipis modelis analizi, rac niSnavs, rom Semavali nakadi 

umartivesia (markovulia), momsaxurebis dro eqsponenturi 

kanoniT ganawilebuli SemTxveviTi sididea (markovuli).   

SemoTavazebulia aRniSnuli sakiTxebis Teoriul-

praqtikuli aspeqtebi. konkretuli saproblemo sferos 

magaliTze ganixileba marTvis sainformacio sistemis 

obieqt-orientirebuli analizis, modelirebis, daproeqtebisa 

da programuli realizaciis amocanebi. 

wignis bolo Tavi exeba petris qselebis, rogorc 

maTematikuri modelirebis instrumentis gamoyenebas samuSao 

nakadebisa da biznes-procesebis modelirebis, simulaciisa da 

verifikaciis etapebze, rac metad aqtualuri da 

mniSvnelovania programuli inJineriis amocanebis 

gadasawyvetad. SemoTavazebulia klasikuri petris qselebis 

agebis da analizis instrumenti PetEdit, agreTve maRali 

donis petris feradi qselebis simulatori CPN, romlis 

gamoyenebis dinamika gansakuTrebiT maRalia amerikis, CineTis 

da evropis mowinave universitetebsa da biznesis sgferoSi.
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I Tavi 

informatika, programuli inJineria da 

marTvis avtomatizebuli sistemebi 

 

gadmocemulia informatikis, rogorc kompleqsuri, 

interdisciplinaruli mecnierebis arsis, misi struqturuli 

komponentebis analizis, Tanamedrove mdgomareobisa da 

ganviTarebis tendenciaTa sakiTxebi. ganixileba marTvis 

avtomatizebuli sistemebis roli da adgili informaciul 

teqnologiebSi, maTi modelirebis, daproeqtebis da 

programuli realizaciis amocanebi. Tanamedrove programuli 

platformebi da enebi, romlebic farTod gamoiyeneba aSS-sa 

da evropis universitetebSi. SemoTavazebulia is ZiriTadi 

samecniero mimarTulebebi da Sedegebi, romlebic stu-s 

informatikis da marTvis sistemebis fakultetze avtorTa 

mier germanel kolegebTan erTad iqna miRebuli.   

 

1.1. informatika, rogorc mecniereba da  

misi mimarTulebebi 

 

informatikul mecnierebaTa kavSiri sazogadoebis 

ganviTarebis donesTan aSkaraa. rac ufro maRalia 

sazogadoebis informatizaciis done, miT ufro 

srulyofilia misi mentaliteti, miT ufro adaptirebadia 

igi swrafadcvlad garemoSi. kompiuteruli teqnika da 

teqnologiebi am garemos aqtiuri komponentebia. maTi codna 

ki xSirad ganmsazRvrelia axalgazrdobis SromiTi dasaqmebis 

sferoSi. amitomac, gasakviri araa is didi moTxovnileba, 

romelic dReisaTvis arsebobs praqtikuli da gamoyenebiTi 

informatikis, kerZod ki kompiuteruli sistemebisa da 

teqnologiebis mcodne sainJinro kadrebze. 

stu-s informatikis fakulteti (adre spi, avtomatika 

da gamoTvliTi teqnika) yovelTvis idga postsabWouri 

universitetebis mowinave institutebis rigSi. kavkasiaSi 

`marTvis avtomatizebuli sistemebis~ kaTedra pirvelad 
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TbilisSi Seiqmna 1971 welsDda am xnis ganmavlobaSi 

gamouSva mravali maRalkvalificiuri specialisti [1].  

amJamad Cveni mizani stu-s, da kerZod informatikisa da 

marTvis sistemebis fakultetis da misi specialobaTa 

mimarTulebebis saswavlo-samecniero procesis xarisxis 

srlyofaa, boliniis konvenciis Sesabamisad evropis 

saganmanaTleblo sivrceSi CasarTvelad.         

gansakuTrebuli mniSvneloba am procesSi Tanamedrove 

teqnikur bazas, uaxlesi sainformacio teqnologiebis 

swavlebis modulebis Seqmnas, Sesabamisi saswavlo-meToduri 

literaturis formirebas, da rac mTavaria, profesionali 

leqtorebis SerCevas aqvs. gamosaSvebi sainJinro 

specialistebis xarisxi, ra Tqma unda, bevrad iqneba 

damokidebuli saskolo ganaTlebis da erovnuli gamocdebis 

SedegebiT Caricxul studentebze (karg produqcias kargi 

nedleuli sWirdeba).   

kompiuteruli mecniereba kompleqsuri, saganTSorisi 

disciplinaa. igi aerTianebs sakvlevi obieqtis, magaliTad, 

marTvis procesebis Sinaarsobriv aRweras (semantikuri 

modelireba), maTi gadawyvetis algoriTmuli sqemebis agebas  

(logikuri modelireba) da kompiuteris `enaze~ am 

ukanasknelTa realizacias (lingvisturi modelireba). es 

sakiTxebi mWidro kavSirSia `kompiuterul daprogramebasTan~ 

(rogorc mecnieruli, aseve akademiuri TvalsazrisiT), rac 

dasmuli Tematikis kvlevis obiqti da sagania. 

informatika mecnierebaa, romelic Seiswavlis 

informaciis sistematizebul damuSavebas gamoTvliTi 

teqnikis saSualebiT. istoriulad igi Camoyalibda 

maTematikuri mecnierebis (gamoyenebiTi maTematika) 

ganviTarebis safuZvelze, gamoTvliTi teqnika ki saTaves 

eleqtroteqnikis, mikroeleqtronikisa da kavSirgabmulobis 

teqnikis safuZvelze iRebs [2].  

termini `informatika~ evropaSi 70-iani wlebidan 

ixmareba. igi pirvelad germaniaSi, drezdenis samecniro 

konferenciaze iqna miRebuli rusi da frangi mecnierebis 
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iniciativiT.  amerikis da sxva qveynebis inglisurenovan 

literaturaSi mas Seesabameba Computer Science and 

Information Systems. gamoTvliTi teqnika informatikaSi 

instrumentis rols asrulebs. cnobili holandieli 

mecnieri e. diekstra werda, rom `kompiuteri igivea 

informatikaSi, rac teleskopi astronomiaSio~.   

informatikas sami ZiriTadi ganStoeba aqvs: Teoriuli 

informatika, praqtikuli informatika da teqnikuri 

informatika.  maT safuZvelze iqmneba gamoyenebiTi 

informatikis mimarTulebebi, magaliTad, ekonomikuri 

informatika, bioinformatika, geoinformatika, lingvistika 

da a.S.. evropis qveynebSi, magaliTad germaniis 

universitetebSic informatikis institutebi (an 

departamentebi) aRniSnul mimarTulebaTa kaTedrebs 

aerTianebs [3].   

Teoriuli informatika Seiswavlis formalur enaTa 

Teorias. magaliTad, sistemuri analizi da rTuli 

sistemebis Teoria, simravleTa Teoria da logika, 

avtomatebisa da  grafTa Teoria, petris qselebi, 

predikatebis aRricxva da relaciuri algebra, formaluri 

semantika da kategorialuri analizi, operaciaTa kvleva, 

ekonomikur-maTematikuri modelirebis meTodebi, masobrivi 

momsaxurebis Teoria da a.S. yovelive es informatikis 

formalur xerxemals warmoadgens.   

praqtikuli informatika emsaxureba informatikis 

sferos konkretuli problemebis gadawyvetas, gansakuTrebiT 

kompiuteruli daprogramebis ganviTarebas programuli 

uzrunvelyofis teqnologiebisTvis (Software Engineering). aq 

mniSvnelovania daprogramebis enebi, operaciuli sistemebi, 

monacemTa da codnis bazebis marTvis sistemebi [4]. igi 

gamoimuSavebs ZiriTad koncefciebs iseTi standartuli 

amocanebis gadasawyvetad, rogoricaa informaciis Senaxva da 

marTva monacemTa struqturebis saSualebiT. mniSvnelovani 

adgili uWiravs aq manqanur algoriTmebs, romlebic rTuli 

da xSiradgamoyenebadi amocanebis avtomatizebul gadawyvetas 
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emsaxureba. praqtikuli informatikis centraluri da mudam 

aqtualuri Temaa rTuli gamoyenebiTi sistemebis (Windows- 

da Web-aplikaciebis) agebis programuli teqnologiebis 

Seqmna da ganviTareba. esaa struqturuli, obieqt-

orientirebuli da vizualuri daprogramebis meTodebi, 

unificirebuli modelirebis ena (UML) da maTi 

avtomatizebuli daprogramebis realizaciis instrumentuli 

saSualebani [5].   

teqnikuri informatika Seiswavlis informatikis 

teqnikuri uzrunvelyofis (Hardware) safuZvlebs, 

rogoricaa mikroprocesoruli teqnika, kompiuteruli 

arqiteqturebi, qseluri da komunikaciuri sistemebi, 

kontrolerebi da periferiuli mowyobilobani, 

robototeqnikuri da sensoruli sistemebi da a.S. igi 

uSualo kavSirSia eleqtroteqnikasTan, gansakuTrebiT 

cifrul teqnologiebTan, agreTve logikasa da diskretul 

maTematikasTan, gadamrTvel sqemaTa TeoriasTan. bolo 

wlebSi gansakuTrebuli yuradReba eqceva multimedialuri 

teqnologiebis Seqmnas da ganviTarebas, rac kompiuteruli 

audio-vizualuri sistemebis agebis safuZvelia [2].  

gamoyenebiTi informatika farTo speqtris mecnierebaa. 

igi eyrdnoba Teoriul, praqtikul da teqnikur 

informatikaTa miRwevebs da Seiswavlis maT pragmatul 

gamoyenebas sxvadasxva dargebis (ekonomika da biznesi, 

iurisprudencia, energetika, mrewveloba, transporti, 

medicina, soflis meurneoba, ganaTleba, enaTmecniereba da 

sxv.) rTuli teqnologiuri procesebis kompiuterizaciisa 

da informaciuli sacavebis Seqmnisa da administrirebisaTvis. 

gadawyvetilebaTa miRebis xelSemwyobi kompiuteruli 

sistemebi yoveli dargis aucilebeli instrumenti xdeba. 

eqspertuli sistemebi mniSvnelovan rols asrulebs 

Tanamedrove diagnostikisa da prognozis amocanebis 

gadasawyvetad. 
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1.2. programuli platformebi da  

daprogramebis enebi 

 

informaciuli teqnologiebis safuZvelia programuli 

platformebi da daprogramebis enebi. gansakuTrebuli 

mniSvneloba aqvs programul platformebs – operaciul 

sistemebs, romlebzec daSenebulia gamoyenebiTi 

kompiuteruli aplikaciebi. termini `programuli 

platforma~ SedarebiT axalia da igi `aparatul 

platformasTan~ asocirdeba. igi gansakuTrebiT maSin 

gamoikveTa, roca firmebis Sun Microsystems  da MicroSoft 

koncefciebi Seejaxa erTmaneTs. ZiriTadad ori programuli 

platforma (operaciuli sistema) Unix  da Windows NT gaxda 

konkurentebi sistemuri programebis bazarze [6]. Unix-is 

mimdevrebia: SunOS/Solaris, IBM AIX, HP-UX (Hewlett-Packard), 

SINIX (Siemens), IRIX (Silicon Graphics) da sxv. (nax.1.1) 

`asakovani~ Unix gamoirCeva maRalmwarmoeblurobiTa da 

saimedoobiT, rac SedarebiT `axalgazrda~ Windows-s jer ar 

axasiaTebs. samagierod Unix sistema rTulia administrirebis 

TvalsazrisiT da moiTxovs maRali rangis kvalifikaciis 

(ZviradRirebul) specialistebs.  

dReisaTvis moTxovnilebani specialistebze swored 

platformebisa da daprogramebis enebis codnis 

kriteriumebiT ganisazRvreba. programuli sistemebis 

msoflio bazarze yvelaze popularulia qseluri 

platformebi Unix (stabiluri sistema didi da super-

manqanebisaTvis), Windows (NT, XP, 200x - personaluri 

kompiuterebisaTvis) da Linux (axali platforma, rogorc 

Unix-varianti PC-manqanebisTvis) [6]. mniSvnelovani progresia 

maikrosofTis mier bolo wlebSi Windows Vista da 

Windows-7  sistemebis gamoSveba.    
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nax.1.1.programuli platformebis ganviTarebis  

tendenciebi 
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obieqt-orientirebuli daprogrameba erT-erTi 

aqtualuri da mZlavri meTodologiuri saSualebaa 

Tanamedrove informaciul teqnologiebSi.  misi mizania didi 

da rTuli programuli sistemebis konstruireba. igi 

Tvisebrivad axali koncefciebis matarebeli daprogramebis 

teqnologiaa sistemebis obieqt-orientirebuli analizisa da 

obieqt-orientirebuli daproeqtebis meTodebiTa da 

realizaciis moqnili instrumentuli saSualebebiT [5,7]. am 

mimarTulebis erT-erTi damaarsebelia texasis 

universitetis profesori, danieli biarn stroustrupi, 

romelmac Camoayaliba obieqt-orientirebuli daprogramebis 

ZiriTadi Teoriuli safuZvlebi: klasebi da obieqtebi, 

monacemTa abstraqtuli tipebi, memkvidreobiToba da 

polimorfizmi da a.S. [8]. misi saxelmZRvanelo C++ enis 

Sesaxeb pirveli iyo, romliTac iswavleboda amerikis, 

evropisa da saqarTvelos teqnikuri universitetis Sesabamis 

specialobebze [22].        

dReisaTvis msoflioSi 2000-mde daprogramebis enaa 

Seqmnili da maTi ganviTareba jerac ar damTavrebula 

(nax.1.2) am enebma garkveuli roli Seasrula Tanamedrove 

kompiuteruli teqnologiebis Seqmnisa da ganviTarebis 

saqmeSi. daprogramebis enebis klasifikacia maTSi 

realizebuli meTodebisa da stilis TvalsazrisiT 

xorcieldeba: universaluri proceduruli, funqcionaluri, 

logikuri, skriptuli, obieqt-orientirebuli, vizualuri 

da a.S. [12,14].  

vinaidan amerikis da evropis, aseve msoflios sxva 

ganviTarebul qveynebis gamoTvliT sistemaTa qselebSi UNIX 

operaciuli sistema ucvlelad dominirebs (1975 wlidan 

dRemde), xolo es ukanaskneli, rogorc cnobilia C–enazea 

dawerili (1972 w.), amitomac gansakuTrebuli praqtikuli 

Rirebuleba aqvs C->C++->Java->C#  enaTa Seswavlas 

momavali profesionali inJiner-sistemoteqnikosebisa da 

sistemuri programistebisaTvis.       
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nax.1.2. daprogramebis enebis ganviTarebis  

tendenciebi 
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monacemTa bazebis marTvis sistemebi kompiuteruli 

daprogramebis enaTa mniSvnelovani, relaciebze 

orientirebuli originaluri klasia, romelic ingliseli 

mecnieris, edgar-frank kodis (gardacvalebamde-2003 

moRvaweobda amerikaSi, informatikis sferoSi udidesi 

RvawlisTvis 1981 w. mieniWa tiuringis premia) monacemTa 

manipulirebis enis ALFA-s proeqtidan iRebs saTaves [17,19]. 

sistemebi MMsAccess da MsSQL Server, firma Oracle (samive 

obieqt-orientirebuli ganawilebuli relaciuri bazebis 

marTvis sistemebia, romlebic dRes farTod gamoiyeneba) da 

a.S.  

monacemTa manipulirebis enebi, romlebic realizebulia 

relaciur monacemTa bazebSi, rogoricaa algebruli ena 

ISBL (Information System Base Language), SekiTxvebis ena 

ekranuli redaqtoriT QBE (Query By Example), moTxovnebis 

struqturirebadi SQL an SEQUEL enebi, romlebic 

algebrul da aRricxvis enebs Soris mdgomi enebia da a.S. 

metad aqtualuri mimarTulebaa [12,15]. sainformacio 

sistemebis monacemTa bazebis asagebad yovelTvis gamoiyeneba 

arsTa-damokidebulebis modeli (Entity-Relationship-Model, 

ERM/SERM), romelic aseve saproblemo sferos 

konceptualuri (semantikuri) modelis saxeliTacaa cnobili 

[23]. am sakiTxebis gafarToebiTa da ganviTarebiT Seiqmna 

codnis bazebis mimarTuleba, romelic farTod gamoiyeneba 

xelovnuri inteleqtis da eqspertul sistemebSi [12,23,30]. 

daprogramebis teqnologiebis (Software Engineering) 

ganviTarebasa da popularizacias xeli Seuwyo NATO-s 

egidiT 1968/69 w. Catarebulma konferenciam `Software 

Engineering“. dRes ki Computer Aided Software Engineering 

(CASE) teqnologiebi udavod SeiZleba CaiTvalos 

kompiuteruli daprogramebis enebisa da instrumentebis 

umaRles mwvervalad.  

kompiuteruli teqnologiebis Semdgomma ganviTarebam, 

axali Taobis manqanebis (Pentium-4  procesorebis bazaze) da 

super monitorebis Seqmnam dasabami misca mZlavri grafikuli 

http://de.wikipedia.org/wiki/Entity-Relationship-Modell
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saSualebebis ganviTarebas. daiZra axali talRa 

daprogramebis istoriaSi, .NET-teqnologiebis saxiT: Visual-

C#, Visual-C++, Visual-J++, Visual-Basic.NET, ADO.NET, 

ASP.NET da a.S. [15].  

vizualuri daprogramebis Teoriul safuZvels obieqt-

orientirebuli analizisa da obieqt-orientirebuli 

daproeqtebis meTodebi warmoadgens (nax.1.3). obieqt-

orientirebuli midgomis safuZvelze Seiqmna unificirebuli 

modelirebis ena (UML-Unified Modeling Language), rogorc 

uaxlesi standarti rTuli programuli  aplikaciebis 

asagebad [5,10]. 

aseTi grafo-analizuri enis ganviTarebaSi 

gansakuTrebuli wvlili Seitanes IBM (Rational Rose) firmis 

mecnierebma, daproeqtebel-dizainerebma gradi buCma, ivar 

jakobsonma da jeims rambom [5,12].   

 

 
nax.1.3. UML-teqnologiis 4-etapiani modeli 

 

UML-teqnologia Teoriul-praqtikuli informatikis 

bazaze Camoyalibda. igi ganawilebuli avtomatizebuli 

sistemebis daproeqtebis meTodologiuri safuZvelia, 
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romlis koncefciiTac Seiqmna iseTi instrumentebi, 

rogoricaa Rational Rose, ParadigmPlus, MsVisio da sxv. [11,15].  

programuli paketebis agebis procesis standartizacia sami 

ZiriTadi mimarTulebis `genetikuri~ memkvidrea: 

daproeqtebis avtomatizacia, daprogramebis avtomatizacia 

da monacemTa bazebis agebis avtomatizaca [29].  

marTvis kompiuteruli sistemebis programuli 

uzrunvelyofis agebis procesebis aseTi srulfasovani 

avtomatizacia vizualuri modelirebis saxelwodebiT 

damkvidrda. igi modelebis grafikul warmodgenas eyrdnoba 

da flobs moqnil reversul teqnologias [11].  

aseT programul instrumentebSi sayuradRebo adgili 

uWiravs obieqt-rolur modelirebas (ORM), romelTa 

saSualebiT, kategorialuri midgomis safuZvelze 

xorcieldeba monacemTa da codnis bazebis [7,23], kognituri 

sistemebis [24], agreTve monacemTa sacavebis daproeqtebis 

procesebis avtomatizacia [18]. 1.4 naxazze naCvenebia ORM- 

diagramis sailustracio fragmenti Semdegi faqtebiT:  

 f1-departaments aqvs saxeli; 

 f2 departamentis 1-el kursze swavlobs 500 studenti.  

 
nax.1.4. ORM-diagramis fragmenti 

 

korporaciuli monacemTa sacavebis Seqmna Tanamedrove 

sainformacio teqnologiebis erT-erTi uaxlesi da 

aqtualuri mimarTulebaa [18].   

monacemTa sacavi (Data warehouse) ganixileba rogorc 

romelime konkretuli organizaciis an didi sawarmosTvis 

gankuTvnili  specialuri super-baza, sadac mimdinare 
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operatiuli samuSaos Sesrulebisas Tavs iyris 

qronologiur informaciaTa mTeli speqtri, romelTa 

daniSnulebacaa momxmareblisTvis  internet gverdebze 

miznobrivad ganlagebuli teqsturi, grafikuli da audio-

vizualuri sainformacio blokebis miwodeba.  

1.5 naxazze mocemuli gvaqvs ganawilebuli 

avtomatizebuli marTvis sistemis monacemTa sacavis zogadi 

sqema.  
 

 

 
 

nax.1.5. monacemTa sacavis zogadi sqema 

 

monacemTa sacavis muSaobis principi aseTia:  pirvel 

etapze Dwh-is gamoyenebiT relaciur bazebSi erTad 

Tavmoyrili monacemebi lagdeba garkveuli struqturuli 

TanamimdevrobiT, xdeba maTi `dawmenda~. meore etapze 

warmoebs informaciis teqnologiuri damuSaveba OLAP 

(Online Analytical Processing) monacemTa operatiuli analizis 

gamoyenebiT. mesame etapze es monacemebi momxmareblebs 

miewodebaT internetis saSualebiT. informaciuli blokebi, 

romlebic monacemTa sacavebSia ganawilebuli, 

in
te

rn
et

 

internet 

mb
a 
msa 
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mizanmimarTulad Tavsdeba internet gverdebze da 

xelmisawvdomia farTo momxmareblisTvis.  

OLAP unikaluri instrumentia, romelic saSualebas 

iZleva informaciis mravalganzomilebiani analizis 

Casatareblad. igi relaciuri tipis monacemTa sacavebisa da 

monacemTa bazebisTvisaa efeqturad gamoyenebadi. 

sayuradReboa, rom relaciuri bazebis fuZemdebelma (1970 

w.), e.f. kodma Camoayaliba (1993 w.) operatiuli analizis 
OLAP-instrumentis safuZvelze monacemTa sacavebis 

daproeqtebisa da funqcionirebis principebi [31]. es 12 

wesia, romelsac unda akmayofilebdes nebismieri 

ganawilebuli avtomatizebuli sistema monacemTa sacaviT, 

raTa Catardes sainformacio blokebis srulfasovani 

operatiuli analizi: 1. monacemTa mravalganzomilebiani 

konceptualuri warmodgena; 2. gamWvirvaleoba; 3. 

miRwevadoba; 4. angariSTa damuSavebisas mudmivi 

warmadoba; 5. klient-serveris arqiteqtura; 6.

 generirebadi mravalganzomilebianoba; 7. dinamikuri 

marTvis reJimi; 8. mravalmomxmareblianoba; 9. SeuzRudavi 

ganzomilebis damuSavebis operaciebi; 10. monacemTa 

intuiciuri manipulacia; 11. angariSebis miRebis moqnili 

saSualeba; 12. SeuzRudavi zomebi da agregaciaTa raodenoba 

[18,25].  

korporaciuli qselebi (MAN – Metropolitan Area 

Network) ganawilebuli monacemTa sacavebis aucilebeli 

elementia. maTi ganviTareba bolo aTwleulSi Seuqcevad 

process warmoadgens da principulad axal amocanebs uyenebs 

informatikosebs. Tu lokalur kompiuterul qselebSi (LAN 

– Local Area Network) qselis administrirebis problema 

arcTu mwvave iyo, korporaciul qselebSi am saqmes sakmaod 

didi odenobis kvalificirebuli personali emsaxureba da 

organizaciis gamarTuli muSaoba maTze didadaa 

damokidebuli.  

korporaciuli qselebi xasiaTdeba Semdegi ZiriTadi 

TvisebebiT: gavrcelebis geografia, momxmarebelTa da 
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servisebis didi raodenoba, aparaturis mravalferovneba, 

informaciis didi moculoba, usafrTxoeba da Senaxvis 

saimedooba. aseTi sistemebis funqcionirebis efeqturi 

modelirebisa da analizisaTvis gamoiyeneba petris qselebi 

[19].   

korporaciul qselebSi, rogorc wesi, monacemebi 

programebisgan TiTqmis srulebiT izolirebulad inaxeba. 

kerZod, xisti diskebis masivebSi centralizebuli saxiT. 

sagangebo qseluri teqnologiebi uzrunvelyofs monacemTa 

sacavebis marTvas fail-serverebis mier.  

klasteruli arqiteqtura aris fail-serveris 

realizaciis yvelaze optimaluri teqnologia. klasteri 

ori an meti kvanZisgan (kompiuterisgan) Semdgar Siga qsels 

warmoadgens, romelic aparatul da programul doneze erTi 

serveris saxiTaa gaformebuli. klasteri Seicavs winaswar 

gansazRvruli resursebis simravles (IP-misamarTebi, 

qseluri saxelebi, sistemuri servisebi, ganawilebuli 

saqaRaldeebi, gamoyenebiTi programebi da sxva). yoveli 

maTgani drois mocemul momentSi konkretuli kvanZis 

kuTvnilebaa, xolo kvanZis mwyobridan gamosvlis SemTxvevaSi 

specialuri klasteris sistemuri servisi mas avtomaturad 

gadaitans sxva moqmed kvanZze.  

1.6 naxazze mocemulia korpiraciuli qselis marTvis 

msgavsi sistemebis zogadi petris qselis modeli [26]. igi 

agebulia grafo-analizuri redaqtoriT da realizebulia  

mizez-Sedegobrivi predikatuli petris qselis saxiT. 

uzrunvelyofs mimdevrobiTi da paraleluri procesebis 

marTvas da maTi Sesrulebis droiTi parametrebis 

fiqsirebas. sistemis mTavari ofisis serveri modelirdeba 

petris qselis poziciiT (S). moTxovnebis formirebisaTvis 
(davuSvaT, igi akmayofilebs puasonis ganawilebas) 

Semotanilia random-generatori (G). moTxovnis analizisa 

(I) da misi damuSavebis Sedegebi gamoicema poziciebSi (Oi-

Sedegebi miiReba saerTo lokaluri resursebis gareSe, OLi-
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Sedegebi miiReba saerTo lokaluri resursebiT, OSi-Sedegebi 

miiReba saerTo globaluri resursebiT). 
 

 

 

nax.1.6. korporaciuli qselis fragmentis  

modeli petris qseliT 

 

 

`Rrublovan gaangariSebaTa” (Cloud Computing) 
teqnologia SedarebiT axali, magram swrafad ganviTarebadi 

mimarTulebaa IT-servisebis sferoSi [33-35].  2008 wels 

gamoqveynda IEEE-s dokumenti, romelSic monacemTa 

Rrublovani damuSaveba gansazRvruli iyo, rogorc axali 
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`paradigma, romlis drosac informacia mudmivad inaxeba 

serverebze da droebiT keSirdeba klientis mxares” (nax.1.7).  

 

 
nax.1.7. Rrublovani gamoTvlebi 

 

SeiZleba iTqvas, rom Rrublovani gaangariSebani, 

rogorc resursebis ganawilebisa da virtualizaciis erT-

erTi teqnologia, romelic resursebs da simZlavreebs 

awvdis momxmarebels internet-servisebis saxiT, 

usafrTxoebis TvalsazrisiT xasiaTdeba rigi upiratesobebiT 

tradiciul kompiuterTa qseluri struqturebis 

teqnologiebTan SedarebiT. amavdroulad, Rrublovani 

damuSavebis meSveobiT kerZo Tu korporatiuli informaciis 

Senaxva da gamoyeneba bevrad naklebi danaxarjebiT xerxdeba. 

Rrublovani teqnologia momxmarebels sxvadasxva 

donis servisebs sTavazobs:  

infrastruqturuli servisi (IaaS - Infrastructure as a 

Service) - aparatuli saSualebebis (yvelaze martivi 

magaliTi: sakuTari `xisti diski RrubelSi"), operaciuli 

sistemebis da sistemuri programuli uzrunvelyofis 

`Rrublovani alternativa"; 
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platformuli servisi (PaaS - Platform as a Service) - 
veb-bazirebuli da sxva, maT Soris, monacemTa bazebis 

marTvis sistemebis agebisa da marTvis saSualebaTa 

`Rrublovani alternativa"; 

programuli servisi (SaaS - Software as a Service) - 

programuli uzrunvelyofis gamoyenebis `Rrublovani 

alternativa". 

amasTan unda aRiniSnos, rom informaciis `RrubelSi" 

ganTavsebaze saubrisas, uwinares yovlisa, igulisxmeba  e.w. 

`gare Rrubeli", romelic informaciis Senaxvis yvelaze iaf 

saSualebas warmoadgens da saukeTeso arCevania 

axladdafunebuli organizaciebisTvis, romelTac 

kompiuterul aparaturis da programuli uzrunvelyofis 

SesaZenad da dasanergad seriozuli kapitaldabandeba jer 

kidev ar ganuxorcielebiaT.   

dasasrul gvinda aRvniSnoT, rom informatika aris  

kompleqsuri mecnierebaa - Teoriuli, praqtikuli da 

teqnikuri aspeqtebis TvalsazrisiT, romelic aerTianebs 

informaciis mopovebis, Senaxvis, gadamuSavebis,  gadacemisa 

da dacvis teqnologiebs, semantikuri biznes-procesebis 

maTematikuri modelirebis meTodebs, formaluri gramatikisa 

da unificirebuli, obieqt-orientirebuli, vizualuri 

daprogramebis instrumentul saSualebebs.  

pragmatuli aspeqtebiT igi udavod warmoadgens 

sistemebis marTvis zogadi Teoriis fundaments. 

winamdebare saxelmZRvaneloSi mocemulia informatikis 

dargis zemoaRniSnuli mimarTulebebis detaluri mimoxilva, 

Tu ras warmoadgens marTvis avtomatizebuli sistemebi da 

ra adgili ukavia mas informatikis, anu kompiuterul 

mecnierebaTa ansamblSi. 
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1.3. marTvis avtomatizebuli  

sistemebi 

marTvis avtomatizebuli sistemebis cnebis erT-erTi 

klasikuri ganmarteba, romelic 70-ian wlebSi damkvidrda, 

ase JRers: `adamianTa koleqtivebis, administraciuli da 

ekonomikuri-maTematikuri meTodebis, informaciul bazis, 

gamoTvliTi teqnikisa da komunikaciur saSualebaTa 

erToblioba, romliTac xorcieldeba optimaluri marTva 

adamianTa saqmianobis sxvadasxva sferoSi~ (nax.1.8) [12].   

 

 
nax.1.8. marTvis avtomatizebuli sistema 

`marTvis avtomatizebuli sistemebis~ pirdapiri 

inglisurenovani Targmani Seesabameba Automated Control 

Systems.  sityva `marTva~ (Control) SedarebiT farTe cnebaa 

da igi moicavs marTvas teqnikur sistemebSi (kontroli) da 

marTvas organizaciul sistemebSi (anu menejmenti). amgvarad, 

marTvis avtomatizebuli sistemebi Sinaarsobrivad axloa   

menejmentis sainformacio sistemebis (Management Information 

Systems) cnebasTan. 

teqnikur sistemebSi marTvis procesi xorcieldeba 

adamianis Carevis gareSe (robotebi, regulatorebi da sxv.), 

amitomac maT avtomaturi marTvis sistemebs uwodeben. 

organizaciuli obieqtebis avtomatizebuli sistemebis 

marTvis procesSi informaciis damuSaveba xorcieldeba 

kompiuteris saSualebiT, xolo Sedegebis gamoyeneba da 
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gadawyvetilebis miReba adamianis mier (nax.1.8). amitomac 

marTvis avtomatizebul sistemebs miakuTvneben `adamian-

manqanur~ sistemaTa klass [32].  

amgvarad, marTvis avtomatizebuli sistemebis, anu 

menejmentis sainformacio sistemebis ZiriTadi amocana aris 

organizaciuli obieqtebis sawarmoo procesebis (anu saqmiani 

procesebis, biznes-procesebis) menejmenti. aseT sistemebSi 

kompiuteruli teqnikis da informaciuli teqnologiebis 

danergviT xorcieldeba avtomatizaciis procesi, rac 

mniSvnelovnad amaRlebs maT Sromis nayofierebis dones 

marTvis procesebis srulyofis bazaze. 

axla ganvixiloT mokled marTvis avtomatizebuli 

sistemis da misi procesebis modelirebis da daproeqtebis 

ZiriTad terminTa arsebi. 

sistema: elementebisa da maTi urTierkavSirebis 

erTobliobaa, romelsac aqvs saerTo mizni da funqciebi mis 

misaRwevad. yovel sistemas aqvs Tavisi moqmedebis sazRvrebi, 

biznes-procesebi da biznes-wesebi (biznes-logika).  

sistemis magaliTebia: adamiani, saxelmwifo, dargobrivi 

saministro, korporacia, aeroporti, sabaJo, qarxana, ferma, 

saavadmyofo, afTiaqi, avtomobili, Wadraki, fexburTi da 

mravali sxva. 

Tu sistemis mdgomareoba ar icvleba droSi, maSin mas 

statikurs uwodeben, xolo Tu icvleba, maSin - dinamikurs. 

rogorc aRvniSneT, sistema Sedgeba nawilebisagan. Tu 

sistemis es nawilebi, Tavis mxriv, Sedgeba nawilebisagan, 

maSin maT qvesistemebs uwodeben. Tu nawilebi ganuyofelia, 

maSin maT sistemis elementebs uwodeben. sistemas SeiZleba 

gaaCndes ramdenime sxvadasxva qvesistemis doneebi. 1.9. 

naxazze warmodgenilia sistemis ierarqiuli (Tanamimdevroba, 

udablesidan umaRlesisaken daqvemdebarebis wesiT) sqema. 
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nax.1.9. sistemis ierarqiuli struqtura 

 

nebismieri sistema moqmedebs garemoSi da piriqiT, 

garemos SeuZlia imoqmedos sistemaze, Secvalos misi 

mdgomareoba. 

Tu garemos es zemoqmedeba sistemaze ise Zlieria, rom 

igi ar SegviZlia ugulebelvyoT, maSin sistemas ewodeba Ria, 

xolo Tu es zemoqmedeba iseTi umniSvneloa, rom igi 

SeiZleba ugulebelvyoT, maSin ewodeba Caketili. magaliTad, 

adamianis organizmze moqmedebs garemos faqtorebi: wneva, 

temperatura, haeris Sedgeniloba, tenianoba. Tanac es 

zemoqmedeba sakmaod Zlieria. am mxriv, adamiani SeiZleba 

ganvixiloT rogorc Ria sistema. Ria sistemis magaliTia 

sawarmo, radgan mis funqcionirebaze gavlenas axdens bazari, 

sawarmo-mimwodeblebi, zemdgomi organoebi da sxv. 

modeli. modeli aris miaxloebiTi asaxva anu 

warmodgena im movlenebis da procesebis, romlebic 

mimdinareobs sxvadaxva obieqtebSi, maT Soris marTvis 

obieqtebSic. 

modelebi arsebobs sxvadasxva saxis: warmosaxviTi, 

model-analogebi, maTematikuri da sxv. magaliTad, globusi 

warmoadgens dedamiwis sivrciT warmosaxviT models _ 

sferos, ruka _ sibrtyiT warmosaxviT models. arsebobs 

saxlebis, sawarmoebis, TviTmfrinavebis model-analogebi da 

sxv. 
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modelebi saSualebas gvaZlevs gamovikvlioT 

obieqtebis Tvisebebi ise, rom ar CavataroT eqsperimentebi 

TviT obieqtebze, radgan eqsperimentebis Catareba obieqtebze 

zogjer sakmaod Zviria, zogjer ki saerTod SeuZlebelicaa. 

obieqtebis modelebis agebis process modelireba 

ewodeba. ekonomikuri marTvis sistemebSi farTo gavrceleba 

hpova simbolurma, anu maTematikurma modelirebam, rodesac 

simboloebisa da gansazRvruli damokidebulebebis 

saSualebiT obieqtis Semaval da gamomaval parametrebs 

Soris wesdeba kavSirebi (f) maTematikuri formulebis saxiT. 

es parametrebi obieqtSi mimdinare procesTa maxasiaTeblebia. 

ganvixiloT zogadad obieqti (nax.1.10). Semavali 

parametrebi aRvniSnoT X (x
1
,x

2
, . . .,x

n
)-iT, xolo gamomavali Y 

(y
1
,y

2
, . . .,y

m
)-iT. 

 
nax.1.10. marTvis obieqti 

garda amisa, obieqtebze moqmedebs garemos parametrebi 

Z (z
1
,z

2
,...,z

n
), romlebic aseve warmoadgens Semaval 

parametrebs da gavlenas axdens gamomaval parametrebze. 

maSin mocemuli obieqtis maTematikuri modeli, zogadi 

saxiT SegviZlia CavweroT Semdegi formuliT: 

Y = f(X,Z) 
an gaSlili saxiT: 
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marTvis obieqtis Semavali parametrebis (X), garemos 

parametrebis (Z), gamomavali parametrebis (Y) da maT Soris 

kavSirebis ( fi ) dadgena warmoadgens maTematikuri 

modelirebis kvlevis sagans. amJamad sxvadasxva mimarTulebis 

maTematikuri modelirebis Teoria farTod gamoiyeneba 

rogorc teqnologiuri procesebis, ise ekonomikuri da 

politikuri saxis marTvis obieqtebis maTematikuri 

modelebis asagebad [12]. 

ganvixiloT magaliTi. davuSvaT, rom sawarmo uSvebs n  

sxvadasxva saxis produqcias. TiToeuli saxis produqcia 

sawarmos aZlevs gansazRvrul mogebas. saWiroa ise 

daigegmos sawarmos muSaoba, rom jamSi man miiRos 

maqsimaluri mogeba.  

avagoT am procesis maTematikuri modeli.  

pirvel rigSi SemovitanoT cvladebi, romlebiTac 

aRvniSnavT dagegmvis procesis parametrebs. TiToeuli i-uri 

saxis gamosaSvebi produqciis raodenoba aRvniSnoT Xi-iT 

(i=1,n). mogeba, romelsac sawarmos aZlevs i-uri saxis 

erTeuli produqcia, aRvniSnoT Ci-iT; sawarmos mier 

miRebuli mogeba, produqciis realizaciis Sedegad, 

aRvniSnoT Y-iT (nax.1.11).  

am SemTxvevaSi X (x
1
,x

2
, . . .,x

n
) da C (c

1
,c

2
, . . .,c

n
) Semavali 

parametrebia, gamomavali ki -  

Y (y
1
,y

2
, . . .,y

n
). amasTan,  C 

cnobili sidideebia (konstan-

tebi), xolo X ucnobi (cvladi). 
 

 

nax.1.11 
Tu i-uri saxis erTeuli produqciis realizaciis 

Sedegad sawarmo Rebulobs mogebas. maSin i-uri saxis Xi-uri 

raodenobis realizaciis Sedegad miiRebs Ci*Xi mogebas. 

xolo sawarmos mier miRebuli mogeba yvela saxis 

produqciis realizaciis Sedegad iqneba: 
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amrigad, aRwerili procesis maTematikur models eqneba 

Semdegi saxe: 

 

               

cxadia, es warmoadgens aRniSnuli procesis 

gamartivebul saxes, radgan ar gagviTvaliswinebia mTeli 

rigi faqtorebi, romlebic gavlenas axdens am (kerZod, 

dagegmvis) procesze. 

konkretuli sawarmosaTvis n, Ci , Xi ,  da Y sidideebi 

miiRebs zustad gansazRvrul mniSvnelobebs. 

modelirebis Teoria saSualebas gvaZlevs avagoT ara 

marto obieqtebisa da procesebis maTematikuri modelebi, 

aramed gadavwyvitoT kidec aseTi tipis amocanebi. anu am 

SemTxvevaSi ganvsazRvroT Xi-is mniSvnelobebi, romelTa 

drosac  Y iqneba maqsimaluri. 

1.4. maTematikuri modelireba marTvis 

avtomatizebul sistemebSi  

marTvis avtomatizebuli sistemis (mas) SemuSavebis 

dros farTod iyeneben sainJinro praqtikisaTvis 

damaxasiaTebel maTematikur meTodebs. did sawarmoo 

sistemebSi mmarTveli gadawyvetilebebis praqtikuli 

ganxorcieleba dakavSirebulia materialuri da SromiTi 

resursebis sagrZnob danaxarjebTan. aqedan gamomdinare, 

gadawyvetilebis araswori variantis amorCevam SeiZleba 

ganapirobos didi moculobis danakargebi sameurneo 

moRvaweobaSi.  

rasakvirvelia, gadawyvetilebis amorCeva SesaZlebelia 

im SemTxvevaSi, rodesac arsebobs variantebis simravle. amave 

dros variantis xarisxis SefasebisaTvis saWiroa mmarTveli 

gadawyvetilebis Sedegis prognozireba. swored amis 

saSualebas iZleva maTematikuri modelireba.  
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rogorc cnobilia, modeli aris gansazRvrul obieqtSi 

mimdinare procesebis an movlenebis miaxloebiTi asaxva 

(warmodgena). modelis ZiriTadi daniSnulebaa misi gamoyeneba 

marTvasa da prognozirebaSi. garda amisa, modeli saSualebas 

iZleva gamovikvlioT samarTavi obieqtis calkeuli 

Tvisebebis urTierTgavlena ise, rom ar CavataroT obieqtze 

raime eqsperimenti. modelis es Tviseba gansakuTrebiT 

mniSvnelovania im SemTxvevaSi, roca obieqtze eqsperimentis 

Catareba metad Zviria an sulac SeuZlebelia. mas-ebSi didi 

gamoyeneba pova simbolurma an maTematikurma modelebma, 

sadac simboloebiT da damokidebulebiT maTematikuri 

Tanafardobebis saxiT myardeba kavSiri obieqtis 

Sesasvlelebsa da gamosasvlelebs Soris. 

rogorc wesi, mmarTveli gadawyvetileba xasiaTdeba 

parametrebis simravliT, romlebic warmoadgens amonaxsnis 

elementebs. magaliTad, gamosaSvebi produqciis raodenoba da 

asortimenti, gadazidvebis moculobebi, sawarmoSi 

dasayenebeli agregatebis simZlavre, saTavsoTa moculobebi, 

samarTavi obieqtis koordinatebi da a.S. obieqtis marTva 

mdgomareobs misi parametrebis iseTi mniSvnelobebis 

uzrunvelyofaSi, romlebic obieqtSi procesebis aucilebel 

mimdinareobas gansazRvraven. mmarTveli gadawyvetilebis 

Sedegis Sefasebis maCveneblebi FF1, F2,...,Fn,  SeiZleba iyos 

materialuri SromiTi da energoresursebis danaxarjebi, 

fuladi saxsrebi, sawarmoos mogeba, sistemis saimedo 

muSaoba, samuSaoebis Sesrulebis dro da a.S. 

mas-is ZiriTad daniSnulebas warmoadgens mmarTveli 

gadawyvetilebebis (zemoqmedebebis) gamomuSaveba, romlebic 

samarTav obieqtebSi uzurnvelyofs procesebis normalur 

msvlelobas. amave dros mas-is samarTav obieqts 

warmoadgens organizaciuli sistemebi anu sistemebi, 

romlebSic monawileobs adamiani an adamianTa koleqtivi. 

organizaciuli sistemebisaTvis ki damaxasiaTebelia 

organizaciuli marTva, romlis arsia: warmoebis 

organizacia, materialuri da SromiTi resursebis 
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ganawileba, warmoebis momarageba, gamosaSvebi produqciis 

raodenobisa da asortimentis gansazRvra, gadasazidi 

produqciis raodenobis da gadazidvis mimarTulebis 

gansazRvra, sawarmoo procesebis parametrebis operatiuli 

aRricxva da a.S. [12].  

marTvis avtomatizebul sistemebs iseve, rogorc sxva 

marTvis sistemebs, gaaCnia klasikuri blok-sqema, romelic 

naCvenebia 1.12 naxazze. samarTav obieqts aqvs Sesasvlelebis 

X (x
1
,x

2
, . . .,x

n
) da gamosasvlelebis simravle Y (y

1
,y

2
, . . .,y

m
). 

obieqtis Sesasvlelebi da gamosasvlelebi parametrebia, 

romlebic axasiaTebs obieqtSi mimdinare procesebs.  

 

 

 

 

 

 

 

 

 

 

nax.1.12 

samarTavi obieqtis Sesasvlelebsa da gamosasvlelebs 

Soris myardeba garkveuli kavSiri:  

Y=f(X),                      (1.1) 

sadac f aris asaxva (funqcia), romelic axorcielebs 

samarTavi obieqtis funqcionirebis aRweras, xolo X da Y 

Sesasvleli da gamosasvleli veqtorebia.  

rac Seexeba gamosasvlelebs, gadawyvetilebis mimRebi 

piri (adamiani) dainteresebulia maTi garkveuli 

mniSvnelobebiT, radganac isini Seadgens obieqtis marTvis 
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mizans. Y veqtoris aucilebeli mniSvnelobebis miRebas 

uzrunvelyofs marTvis avtomatizebuli sistema.  

mas-is Sesasvlelze miewodeba informacia obieqtis 

mimdinare mdgomareobis Sesaxeb. Tu obieqtis faqtobriv da 

miznobriv mdgomareobas Soris arsebobs ganTanxmeba, maSin 

mas-Si gamomuSavdeba mmarTveli zemoqmedeba Un, romelic 

gaigzavneba samarTav obieqtze am ganTanxmebis 

aRmosafxvrelad, xolo im SemTxvevaSi, rodesac ganTanxmeba 

ar arsebobs, mmarTveli zemoqmedeba Un=0.  
aqedan gamomdinareobs, rom Y veqtoris mniSvnelobaze 

gavlenas axdens ara marto X veqtoris mniSvnelobebi, 

aramed mmarTveli  veqtoris maCveneblebi, romlebic 

ganisazRvreba Semdegnairad: 

    U=W(X,Y).           (1.2) 

am gamosaxulebaSi W aris asaxva (funqcia), romelic 

warmoadgens marTvis Sefasebis kriteriums. (1.2) 

gamosaxulebis gaTvaliswinebiT, (1.1) gamosaxuleba miiRebs 

Semdeg saxes: 

  Y=F(X,U).       (1.3) 

es gamosaxuleba warmoadgens maTematikur models, 

romelic aRwers samarTavi obieqtis struqturas da misi 

funqcionirebis marTvis kanonebs. 

radganac samarTavi obieqtis funqcionireba 

mimdinareobs ara izolirebulad, aramed arsebul 

garemocvaSi (garemoSi), es ukanaskneli garkveulad zRudavs 

obieqtis damaxasiaTebeli parametrebis dasaSveb 

mniSvnelobebs. es garemoeba aisaxeba modelSi gansazRvruli 

SezRudvebis Semotanis saxiT: 

 
sadac gi aris i-uri saxis resursis xarjvis funqcia, xolo 

_ bi parametris zRvrulad dasaSvebi mniSvneloba.  

ii
byxg 


),(
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es SezRudvebi gansazRvravs mmarTveli gadawyvetilebis 

dasaSveb ares. amave dros SesaZlebelia, rom amonaxsnTa 

dasaSvebi variantebi ar iyos tolfasovani.  

es garemoeba warmoSobs saukeTeso variantis amorCevis 

amocanas. amisaTvis ki saWiroa amonaxsnTa variantebis 

Sefaseba garkveuli kriteriumis saSualebiT, romelic 

obieqtis funqcionirebis yvelaze mniSvnelovani maCvenebelia.  

am maCvenebels uwodeben miznobriv funqcias, xolo 

dasaSvebi amonaxsenis amorCeva, romelic uzrunvelyofs 

miznobrivi funqciis optimalur mniSvnelobas, warmoadgens 

optimizaciis amocanas. 

im SemTxvevaSi, rodesac mocemulia (anu winaswar 

cnobilia) samarTavi obieqtis Sesasavleli parametrebi da 

Cvenze damokidebulia amoxsnis variantis SerCeva, modeli 

iqneba determinirebuli.  

im SemTxvevaSi ki, rodesac obieqtis gansazRvruli 

parametrebi warmoadgens SemTxveviT sidideebs, modeli iqneba 

albaTuri (stoqasturi).  

zogierT SemTxvevaSi obieqtis funqcionireba 

SesaZlebelia ganxorcieldes ucnob pirobebSi anu obieqtze 

ucnobi faqtorebis moqmedebis dros. aseTi saxis 

procesebisaTvis agebuli modeli `TamaSis~ tipis iqneba. 

aqve unda aRvniSnoT, rom gadawyvetilebaTa miRebis 

procesebis adekvaturi modelebis asagebad ar aris sakmarisi 

mxolod raodenobrivi meTodebis gamoyeneba. bevrad 

efeqturia iseTi marTvis sistemebis ageba, romlebsac 

safuZvlad udevs gadawyvetilebaTa miRebis Tvisebrivi 

modelebi anu modelebi, romlebic iyenebs semantikur, 

azrobriv informacias.  

am saxis modelebs ganekuTvneba logikuri, grafuli, 

xelovnuri inteleqtis modelebi. maT ricxvSia iseTi 

qseluri grafuli modelebi, rogoricaa `petris qselebi~. 

isini, rogorc maTematikuri modelebi, gansakuTrebiT 

efeqturad gamoiyeneba ganawilebuli marTvis sistemebis 

imitaciuri modelirebis amocanebisTvis. DEBA   
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1.5. programuli inJineria UML  

teqnologiis bazaze 

marTvis avtomatizebuli sistemebis srulyofili,  

saimedo da moqnili programuli uzrunvelyofis (Software 

Engineering) swrafad daproeqteba, realizacia, danergva da 

Semdgomi Tanxleba sistemis damkveT organizaciaSi metad 

mniSvnelovani amocanaa. misi efeqturad gadawyveta bevradaa 

damokidebuli rogorc saproeqto-developmentis gundis 

Semadgenloba-gamocdilebaze, aseve IT-infrastruqturasa da 

CASE-instrumentebze.  

xSirad SeuZlebelia srulyofili da saimedo 

sistemebis ageba „swrafad“ (moqnilad – Agile Programing) 
iseTi meTodebiT, rogoricaa magaliTad, eqstremaluri 

daprogrameba [38]. obieqt-orientirebuli daprogramebis 

meTodi, romelic unificirebuli modelirebis enis (UML) 

saSualebiT damkvidrda, universaluria da misi gamoyenebiT 

programis sasicocxlo cikli moiTxovs misi aucilebeli 

etapebis iteraciul ganviTarebas [5,39].  

1.13 naxazze naCvenebia programuli uzrunvelyofis 

damuSavebis sasicocxlo ciklis ganteriseuli modelis 

etapebi iteraciuli bijebiT [40]. 

programuli sistemis menejmentis sakontrolo (0-12) 

wertilebSi, etapebis mixedviT xorcieldeba iteraciuli 

samuSaoebi (dabruneba ukana wertilebSi ganmeorebiTi 

procedurebis Casatareblad), sistemis funqcionalobis 

sisrulis dazustebis an gafarToebis mizniT.  

eqstremaluri programirebis meTodis sasicocxlo 

ciklis modelSi ZiriTadi yuradReba maxvildeba saproblemo 

amocanis sworad CamoyalibebaSi damkveTis mier biznes-

analitikosTan erTad, naklebad ixarjeba dro univrsaluri 

diagramebis agebasa da saangariSo dokumentaciis 

gaformebaze, da ra Tqma unda, xdeba ZiriTadi etapebis 

(konstruireba-daprogrameba) fazaTa Serwyma [38].  
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1.13. ganteris sasicocxlo ciklis modeli iteraciiT  

obieqt-orientirebuli daprogramebis meTodisTvis 

  

aqedan gamomdinare, programuli sistemis menejeri,  

konkretuli proeqtis amocanebis da moTxovnebis Sesabamisad, 

unda gansazRvravdes rogorc programirebis meTodis, etapTa 
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fazebis da iteraciaTa moTxovnebis SerCeva-formirebas, aseve 

muSa gundis Semadgenlobas. am procesSi monawile rolebia: 

damkveTi, proeqtis menejeri, biznes-procesebis specialisti 

(biznes-analitikosi), sistemis arqiteqtori, developeri-

programisti, testirebis specialisti da sxv. programuli 

sistemis proeqtis menejeri axorcielebs yvela sakontrolo 

wertilis monitorings.    

didi proeqtebisaTvis, romelSic resursebi da droiTi 

faqtorebi, SedarebiT kritikuli araa, xdeba obieqt-

orientirebuli midgomis yvela etapis da fazis gamoyeneba 

Sesabamisi sakontrolo wertilebis aucilebeli 

monitoringiT da reportebiT. am dros sruli moculobiT 

xorcieldeba unificirebuli modelirebis enis (UML/2) da 

Sesabamisi instrumesntuli saSualebis, magaliTad, MsVisio 
an Enterprise Architect paketis gamoyeneba [41,42]. 

1.6. Ms_Visio samuSao garemo 

gamoyenebiTi programuli uzrunvelyofis (Applied 

Software) obieqt-orientirebuli analizis, daproeqtebis da 

realizaciis calkeuli etapebis modelirebis mizniT 

ganixileba UML meTodologiis instrumentuli saSualeba   

MsVisio Professional.  es paketi Zalze popularuli da 

mravalfunqciuria (nax.1.14) [44].       

 
nax.1.14. Ms Visio–s sawyisi gverdi 
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naxazidan Template Categories–Si Cans im sferoTa 

kategoriebis simravle, (magaliTad, Business, Engineering, 

Network da a.S..),  romelTaTvisac SesaZlebelia am 

instrumentis gamoyeneba. Cven gansakuTrebul yuradRebas 

gavamaxvilebT kategoriaze Software and Database, romelic 

erT-erTi efeqturi meqanizmia programuli da monacemTa 

bazebis marTvis sistemebis daproeqtebis procesSi Sesabamisi 

diagramebis asagebad.   

1.7. ER diagramis vizualuri ageba 

Database Model Diagram arCeviT ekranze gamitaneba 

monacemTa ER-modelis asagebi redaqtori (Entity-

Relationship Model). 1.15 naxazze naCvenebia interfeisi 

konkretuli „studentTa-jgufis“ monacemTa modelisaTvis.  

 

 

nax.1.15. Database Model Diagram –is ageba 
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studentebis da jgufebis arsebs (Entities) Soris 

relaciuri kavSiris asagebad instrumentebis panelidan 

aviRebT Relationship simbolos da boloebiT SevaerTebT 

cxrilebs. isari mimarTuli unda iyos Svilidan mSoblisken. 

Tu SeerTeba ganxorcielda sworad, maSin Svilis atributTa 

CamonaTvalSi avtomaturad gaCndeba mSoblis gasaReburi 

atributis Sesabamisi veli (nax.1.16). Cven SemTxvevaSi esaa 

Jg_Nom atributi. studentis cxrilSi mas win miewereba 

FK1, anu Foreign Key 1.     

 

 

nax.1.16. relaciuri kavSiri `mSobeli-Svili~  

obieqtebs Soris 
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1.17 naxazze naCvenebia cxrilebSi indeqsuri I1, I2 

velebis gansazRvra. maTi daniSnulebaa indeqsuri failebis 

Seqmna, romlebSic striqonebi (bazis Canawerebi) 

mowesrigdeba klebadobiT (Desc) an zrdadobiT (Asc). 

 

nax.1.17. indeqsuri atributebis gansazRvra 

 

monacemTa Zebnis (Find) daCqareba xorcieldeba aseT 

atributebze pirdapiri mimarTvis ganxorcielebiT 

mowesrigebul indeqsur failSi. 
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 1.8. UML-diagramebis vizualuri ageba 

1.8.1. Use Case diagrama U 

 

pirveli diagrama, romelic UML teqnologiiT unda 

aigos, aris gamoyenebiT SemTxvevaTa (precedentebis)  

UseCase diagrama. igi rolebis (Actors) da funqciebis 

(Actions) urTierTdakavSirebuli sqemaa (nax.1.18). aq 

UseCase1 ekuTvnis mxolod pirvel rols, xolo UseCase2 –
is  Sesasruleblad orive roli monawileobs.     

 

nax.1.18. UseCase diagramis agebis interfeisi 

1.8.2. Activity diagrama 

biznes-procesebis da biznes-wesebis gacnobis, analizis 

da struqturuli formalizaciis safuZvelze aigeba 

aqtiurobis, an qmedebaTa diagrama. igi konkretuli rolis 

(rolebis) konkretuli funqciaa, romelic Sedegeba 

ierarqiulad sivrcesa da droSi dalagebuli mimdevrobiT an 

paralelurad Sesasrulebeli sub-qmedebebisgan. aqvs erTi 

dasawyisi da ramdenime SesaZlo dasasruli, biznes-wesebiT 

gansazRvruli ganStoebis an SeerTebis procedurebi, sawyisi, 

Sualeduri an saSedego dokumentacia da a.S. (nax.1.19 a-g). 
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qmedebaTa diagrama miekuTvneba procesebis AaRweris 

dinamikur models, igi asaxavs sakvlevi obieqtis qcevas.     

aseTi dinamikuri modelebis procesebis gamosakvlevad 

gamoiyeneba petris qselebi [19,44]. 

sabolood, am ori saxis (UseCase, Activity) diagramaTa 
erTobliobis analizis safuZvelze keTdeba daskvnebi 

saavtomatizacio obieqtis marTvis sistemis funqcionaluri 

da arafunqcionaluri moTxovnilebebis gansazRvris Sesaxeb. 

amavdroulad dgeba momavali programuli sistemis 

Seqmnis teqnikuri davaleba Sesabamis ekonomikur 

gaangariSebebTan erTad, romelic damkveT organizaciis 

xelmZRvanelobasTan konsultaciebis Semdeg ormxrivad 

mtkicdeba. amis Semdeg iwyeba obieqt-orientirebuli 

analizis etapi, romelzec aigeba sistemis momxmarebelTa 

interaqtiuli sqemebi: mimdevrobiTi da Tanamoqmedebis 

diagramaTa saxiT. 

    1.8.3. Sequence  da Collaboration diagramebi 

mimdevrobiTobis diagrama aRwers saproblemo sferos 

konkretuli amocanis Sesrulebis scenars. aq xdeba rolis 

sistemasTan urTierTqmedebis biznes-procesis qmedebaTa da 

maTi mainicirebel, sinqronul an asinqronul SetyobinebaTa 

droSi mimdevrobiT ganlageba.   

 
nax.1.20. Sequence diagramis agebis interfeisi 
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1.21 naxazze naCvenebia Tanamoqmedebis diagramis agewbis 

instrumentuli paneli (a) da TviT diagrama (b), romelic 

Sesabamisi mimdevrobiTobis 1.20 diagramis transformaciiT 

iqna miRebuli. aq SetyobinebaTa da monacemTa gacvlis 

mimdevroba araa droSi dalagebuli, aramed Cans klasis 

obieqtebs Soris kavSirebis da informacoiuli nakadebis 

gacvlis semantika.  

 

nax.1.21. Collaboration diagramis agebis interfeisi (a) 
da sqemis magaliTi (b) 
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1.8.4. Class- da  Class-Assotiation diagramebi 

klasi erTgvarovan obieqtTa erTobliobis 

struqturaa. magaliTad, yvela moqalaqe (zogadad Person), 

studentebi, leqtorebi, avtomanqanebi, cxovelebi da a.S.  

termini „klasifikacia“ swored gansaxilveli sferos 

obieqtebis sistematur mowesrigebas emsaxureba 

(generalizacia (ierarqiaSi ganzogadeba zeviT) da 

specifikacia (ierarqiaSi detalizacia qveviT)). MsVisio-Si 
klasebis da klasTaSoris kavSirebis modelirebisTvis 

gamoiyeneba Static Structure instrumentebis paneli (nax.1.22-a).      

 
nax.1.22-ა 

obieqt-orientirebuli modelirebis da programirebis 

gagebiT, klasi aris „dasaxelebis“, „klasis monacemebis“ da 

„klasis meTodebis“ inkafsulacia.  

marTvis sferos Sesabamisi klasi, zogadad ase unda 

gamoiyurebodes (nax.1.22-b). klasis atributebs Seesabameba 

monacemTa garkveuli tipi (int, float, string ან სხვ.) da 
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`xilvadobis~ (`-~ private, `+~ public, `#~ protection). asevea 
klasis meTodebisTvisac. 

 
nax.1.22. ინკაფსულაცია 

klasis meTodebi (an funqciebi) is programuli 

modulebia, romlebic amuSavebs am klasis monacemebs. maTi 

inicializacia xdeba garedan Semosuli Setyobinebis 

safuZvelze. 

 
nax.1.22. klasTaSorisi kavSirebis diagrama (g) 

klasebsSorisi kavSirebi SeiZleba iyos: memkvidreobiTi, 

agregatuli, relaciuri da asociaciuri (nax.1.22-g): 
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 memkvidreobiTi (Generalization) asaxavs `genetikur~, 

ganzogadoebul kavSirebs klasebs Soris. aseT dros erTi 

klasi (`Svili~) mTlianad iRebs meore klasis (`mSobeli~) 

yvela atributs, meTods da kavSirs; 

 agregirebuli (Aggregation) niSnavs kavSirs `mTeli~-

`nawili~. magaliTad, `avtomobili~ - `Zara, Zravi, saburavebi 

da a.S.~;   

 asociaciuri (Assotiation) niSnavs sementikur kavSirs 

klasebs Soris. is SeiZleba gamoisaxos erT- an ormimarTu-

lebiani (igivea, rac uisro) xaziT. isari gviCvenebs 

Setyobinebis gadacemis mimarTulebas. asociaciuri kavSiris 

realizeba xdeba erT klasSi damatebiT meore klasis 

atriburtis CasmiT. es hgavs pirveladi (Primary) da meoradi 

gasaReburi atributebis SeerTebas;  

 relaciuri (Dependency) niSnavs erTi klasis 

damokidebulebas meoreze. igi erTmimarTulebiani wyvetili 

isriT gamoixateba. masSi damatebiTi damakavSirebeli 

atributebi ar gamoiyeneba. 

1.23 naxazze ilustrirebulia klasTa asociaciis 

diagrama memkvidreobiTi kavSirebis safuZvelze. isari 

mimarTulia `Svilidan~ `dedisken~, rac maT calsaxa 

damokidebulebaze metyvelebs. `Svils~ hyavs erTi `deda~, 

xolo `dedas~ SeiZleba hyavdes ramdenime `Svili~, amitomac 

es araa calsaxa. 

mSobeli klasi litaraturaSi zogjer `metaklasad~ 

(MetaClass) moixsenieba, romelic Sedgeba qveklasebisgan 

(SubClasses). SeiZleba ierarqiaSi qveklasi iyos mis qveviT 

mdgari klasisTvis metaklasi. magaliTad, SubClass_Student 

aris qveklasi MetaClass_Person klasisTvis da, amavdroulad 

igi aris metaklasi sami qveklasisTvis: Bachelor, Master da 

Doctorand.  
igive SeiZleba iTqvas klasebisTvis:  

Metaclass_Person <- SubClass_Lector <- {Full_Professor, 

Assoc_Professor, Assist_Professor}, 
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sadac rolebi asea ganawilebuli: 

`mSobeli~-Person, `Svili~-Lector  da `SviliSvilebi~ 

Full_Professor, Assoc_Professor, Assist_Professor.        

nax.1.23. Class-Assotiation diagrama memkvidreobiTi  
kavSirebiT 
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1.8.5. Statechart diagrama 
 

yofaqcevis diagramebidan adre ganvixileT qmedebaTa 

(Activity) diagrama da interaqtiuli (Sequence, Collaboration) 

diagramebi. arsebobs kidev erTi aseTi saxis diagrama, 

klasebis mdgomareobaTa diagrama - Statechart-D. igi aRwers 

qmedebebs, obieqtTa mdgomareobebs, mdgomareobaTa gadasvlebs 

da movlenebs.  

1.24-a,b naxazebze naCvenebia instrumentuli panelis da 

mdgomareobaTa diagramis fragmenti zogadi magaliTisTvis. 

 
 

misi gamoyeneba yvela klasisTvis araa saWiro. 

aucilebelia mxolod maSin, rodesac klasi SeiZleba 

imyofebodes ramdenime mdgomareobaSi da TiToeul maTganSi 

misi qceva iyos sxvadasxvanairi. 
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1.8.6. klasebis diagramidan programuli  

kodis generacia 

Tanamedrove CASE-teqnologiebi, romlebic sistemebis  

daprogramebis avtomatizaciazea orientirebuli, magaliTad, 

Rational Rose, Visual Paradigm, Enterprise Architect da mravali 

sxva [42], axorcieleben reversuli daprogramebis 

koncefcias. anu klasebis diagramidan SesaZlebelia 

programuli kodis generacia da piriqiTac, kodidan aigeba 

avtomaturad grafikuli diagrama. 

MsVisio  ar miekuTvneba aseTi simZlavris instruments. 

misi saSualebiT dialogur reJimSi ixazeba diagramebi 

(UML-is standartul aRniSvnaTa saerTaSoriso normebiT), 

magram kodis generacia araa SesaZlebeli.  

Ms Visual Studio .NET Framework-isTvis Seqmnilia 

instrumentebi da maTi integraciiT .NET garemoSi, 

SesaZlebelia diagramebidan kodis generacia. aseTi paketebi 

yovelTvis fasiania da ZviradRirebuli. aq ganvixilavT 

SparX firmis Enterprise Architect  produqtis am konkretul 

funqcias, klasebis diagramidan kodis generaciis amocanas. 

1.25 naxazze naCvenebia paketis amuSavebis sawyisi gverdi.  
   

nax.1.25. Enterprose Architect sawyisi gverdi 
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magaliTisTvis vixilavT am garemoSi ori klasis 

(2Clases modeli) agebis da maTi programul kodSi gadayvanis 

amocanas. 1.26 naxazze mocemulia Enterprise Architect paketis 
klasTa diagramis agebis instrumentebis paneli. 

 
nax.1.26.  

nax.1.27. Student da Jgufi klasebis momzadeba `Code Engineering~ 

procesisTvis Enterprise Architect garemoSi  
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Import Source Directory-is arCevis Semdeg gamova 1.28 
naxazze naCvenebi fanjara, romelSic unda ganisazRvros 

zogierTi mniSvnelovani parametri, magaliTad, ena (C#), 
momavali kodis Sesanaxi adgili (direqtoria) da a.S., 

bolos `Ok “da miviRebT 1.29 naxazze mocemul Sedegs.  

 
nax.1.28. ganisazRvros C#-kodis direqtoria  

 
nax.1.29. importi dasrulebulia 
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axla unda Catardes uSualod kodis generacia 

winaswar momzadebuli (Student-Jgufi) klasebis diagramidan.  

vaaqtiurebT klasebs da mausis marjvena RilakiT gamotanil  

konteqsturi meniudan virCevT `Code Generation~-s. 

 
nax.1.30. kodis generaciis dawyeba 

 

 nax.1.31. arCeuli elementebis sinqronizaciis Sedegi 
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bolo fazaze saWiroa gamovitanoT ekranze klasebis 

bazaze generirebuli kodis listingebi.   

 

nax.1.32. kodis gamotanis punqti meniuSi 

 

1.33 naxazze naCvenebia Enterprise Architect garemoSi 

Student klasis diagramidan avtomatrurad generirebuli  

C#-kodis sawyisi teqsti. 

fanjris marcxena nawilSi moTavsebulia Student klasis 

kafsula, Tavisi monacemebiT da meTodebiT, maT Soris 

konstruqtoriT da destruqtoriT (meTodebi, romelTac 

aqvs klasis identuri saxeli). 
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fanjris marjvena nawilSi sistemas gamoaqvs programis 

teqsti, romelic Sedgeba komentaruli nawilis (striqonebi 

1-7) da klasis aRweris nawilisgan (8-31).  

 

nax.1.33-a. C#-kodis listingi Student klasisTvis 

 

momdevno listingSi mocemulia Jgufi klasis sawyisi 

teqsti. aqac, C#-kodis teqsti Sedgema komentaruli 

nawilisgan, romelSic asaxulia programis zogadi 

maxasiaTeblebi, saxeli, instrumenti, Seqmnis TariRi, 

avtori. programis teqsti klasikuri formatiT aRiwereba 
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klasis monacemebi xilvadobis private, public da protection 

atributebiT. Semdeg mosdevs konstruqtoris public Jgufi() { } 

da destruqtoris ~Jgufi() {  }   striqonebi.  Dispose() meTodi 
gamoiyeneba programis Sesrulebis damTavrebis Semdeg 

operaciuli sistemis mier gamoyofili resursebis 

gasaTavisufleblad. 
/////////////////////////////////////////////////////////// 

//  Jgufi.cs 

//  Implementation of the Class Jgufi 

//  Generated by Enterprise Architect 

//  Created on:      24-Feb-2013 2:26:15 PM 

//  Original author: user 

/////////////////////////////////////////////////////////// 

public class Jgufi { 

 private uint Jg_ID; 

 public short Kursi; 

 public string specialoba; 

 protected short StudRaod; 

 public Student m_Student; 

 public Jgufi() {   }      // კონსტრუქტორი 

 ~Jgufi() {  }     // დესტრუქტორი 

 public virtual void Dispose() {  } 

 private void Delete(){  

                // . . . code-1 

 } 

 protected void Insert(){ 

                // . . . code-2 

 } 

 protected void Modify(){ 

               // . . . code-3 

 } 

 public void Select(){ 

               // . . . code-4 

 } 

}//end Jgufi 

 

amiT davamTavreT Cven unificirebuli modelirebis enis 

da misi instrumentebis mokle aRwera. 
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II Tavi 

 

rigebis Teoria (masobrivi  

momsaxurebis sistemebi) 

 

2.1. masobrivi momsaxurebis modelebi:  

zogadi principebi da Teoriuli aspeqtebi  

 

adamianTa praqtikul saqmianobaSi gvxvdeba bevri iseTi 

procesi, rodesac momsaxure saSualebebis SezRuduli 

raodenoba emsaxureba masiur moTxovnilebebs. amasTan, 

Cveulebrivi momsaxure saSualebebis raodenoba bevrad ufro 

naklebia, vidre moTxovnilebaTa raodenoba. momsaxure 

saSualebebis SezRuduli raodenobidan gamomdinare, Cndeba 

moTxovnilebaTa rigebi momsaxurebis sferoSi [12,36,37].  

magaliTad: - myidvelTa rigi didi sasursaTo maRaziis 

salarosTan; - televizorebis rigi, romlebic saWiroebs 

garkveul SekeTebas; - samoqalaqo TviTmfrinavebis jgufi 

did aeroportSi, romlebic elodeba afrenis nebarTvas;      

- programebis erToblioba, romlebic gamzadebulia 

kompiuterze sarealizaciod da a.S. 

es magaliTebi Seicavs momsaxurebis gansxvavebul 

fizikur Sinaars. miuxedavad amisa aRmoCnda, rom 

momsaxurebis am procesebis daxasiaTeba da maT Soris 

kavSirebi SeiZleba gavaerTianoT erTi formaluri Teoriis 

CarCoSi, kerZod, masobrivi momsaxurebis an rigebis 

TeoriaSi. 

masobrivi momsaxurebis Teoriis ZiriTad amocanas 

warmoadgens optimaluri raodenobrivi damokidebulebis 

dadgena moTxovnebis Semaval nakads, momsaxure saSualebebsa 

da moTxovnebis gamomaval nakads Soris. am amocanis 

erTerTi ZiriTadi Tavisebureba isaa, rom maTSi mimdinare 

movlenebi SemTxveviT xasiaTs atarebs. kerZod, moTxovnaTa 

Semavali nakadi aris SemTxveviTi sidide. momsaxurebis droc 

agreTve SemTxveviT sidides warmoadgens da aqedan 

gamomdinare, gamomavali nakadic SemTxveviT xasiaTs atarebs. 
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masobrivi momsaxurebis sistemis (mms) zogadi sqema 

mocemulia 2.1 naxazze. 

 
 

nax.2.1. mms-is zogadi sqema n-momsaxure xelsawyoTi (mx)  

 

masobrivi momsaxurebis sistemis ZiriTad komponentebs 

warmoadgens Semavali nakadi, rigi, momsaxurebis saSualebebi 

da gamomavali nakadi. 

Semavali nakadi Sedgeba moTxovnebisagan, romlebic 

Sedis mmsSi momsaxurebisaTvis. 

moTxovna aris mimarTva momsaxurebis moTxovnilebaTa 

dasakmayofileblad. 

rigs Seadgens moTxovnebi, romlebic imyofeba mmis 

sistemaSi da elodeba momsaxurebis dawyebas. 

gamomavali nakadi  moTxovnebi, romlebic tovebs 

sistemas, rogorc momsaxurebis Sedegad, aseve momsaxurebis 

gareSe.  

amrigad, mms-Si mimdinare procesebi ganisazRvreba 

SemTxveviTi faqtorebiT. aseT procesebs ewodebaT 

SemTxveviTi. rogorc cnobilia, sistemas axasiaTebs 

dinamikurobis Tviseba, romlis Tanaxmadac igi icvleba 

drois mixedviT. e.i. gadadis erTi mdgomareobidan meoreSi. 

Tu es gadasvlebi SemTxveviT xasiaTs atarebs, maSin amboben, 
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rom sistemaSi xorcieldeba SemTxveviTi procesi. magaliTis 

saxiT SegviZlia ganvixiloT momxmarebelTa moTxovnebi 

masSi, romlebic SeiZleba iyos reglamentirebuli (roca 

SekveTebi Sedis drois fiqsirebul momentSi), aseve 

SemTxveviTi (roca SekveTebi Sedis drois nebismier 

momentSi). gasagebia, rom am SemTxvevaSi moTxovnaTa 

momsaxurebis procesi SemTxveviTia. 

Tu sistemis momavali mdgomareobis albaToba 

damokidebulia mxolod awmyo mdgomareobaze (wina 

mdgomareobisgan damoukideblad), maSin maT markovis 

procesebs uwodeben. markovis SemTxveviT process ewodeba 

procesi diskretuli mdgomareobebiT, Tu sistemis gadasvla 

erTi mdgomareobidan meoreSi xorcieldeba drois 

diskretul momentebSi, e.i. naxtomebiT. markovis SemTxveviTi 

procesebi ganixileba agreTve uwyveti mdgomareobebisaTvis. 

am sistemebSi erTi mdgomareobidan meoreSi gadasvla xdeba 

mwyobrad. SemTxveviTi procesi SeiZleba warmovadginoT 

grafis saxiT, romlis mwvervalebi asaxavs mdgomareobebs, 

xolo rkalebi erTi mdgomareobidan meoreSi gadasvlebs 

(nax.2.2). S-iT aRniSnulia 

sistemis i-uri mdgomareoba. 

Tu sistemis erTi 

mdgomareobidan meoreSi 

gadasvla xdeba drois 

mkacrad gansazRvrul 

momentebSi, maSin aseTi 

SemTxveviTi procesebi 

warmoadgens procesebs 

diskretuli droiT.  

Tu sistemis erTi 

mdgomareobidan meoreSi 

gadasvla xdeba drois 

SemTxveviT momentebSi, 

maSin aseTi procesebi warmoadgens procesebs uwyveti 

droiT. 
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markovis SemTxveviTi procesebi diskretuli 

mdgomareobiTa da droiT, SeiZleba warmodgenil iqnas      

S
1
, S

2
,..., S

i
,..., S

n
 mdgomareobaTa mimdevrobis saxiT: 

       S
1 
 S

2
 ...  S

i
 ... S

n
                            (2.1) 

zogad SemTxvevaSi mimdevroba SeiZleba iyos nebismieri, 

e.i. sistemis gadasvlebi SeiZleba ganxorcieldes nebismier 

mdgomareobaSi, maT Soris iseTSic, romelSic imyofeba 

sistema. magaliTad: 

   S
1
 S

2
 S

2
 S

4
 S

6
 S

3
 S

5
               (2.2) 

rogorc aRvniSneT, sistemebSi diskretuli 

mdgomareobiT erTi mdgomareobidan meoreSi gadasvlebi 

xorcieldeba naxtomebiT, bijebiT. Tu yoveli bijisTvis 

nebismieri S
i
 mdgomareobidan S

j
 mdgomareobaSi gadasvlis 

albaToba ar aris damokidebuli imaze, Tu rogor mivida 

sistema S
i
 mdgomareobaSi, maSin aseT mimdevrobas ewodeba 

markovis jaWvi.  

markovis jaWvis analizis dros, TiToeuli 

gadasvlisas naCvenebi unda iyos 
ij
 nakadis intensiuroba, 

romelsac sistema gadahyavs 

S
i
 mdgomareobidan S

j
 -Si. 

ij
 

intensiurobas Cveulebriv, 

miuTiTeben mdgomareobebis 

grafis rkalebze (nax.2.3). 
 

vTqvaT, p
i
(t) aris albaToba imisa, rom t drois momentSi 

sistema imyofeba S
i
 mdgomareobaSi. markovis procesis 

mdgomareobaTa grafis meSveobiT, SesaZlebelia ganisazRvros 

p
1
(t), p

2
(t),..., p

i
(t),..., p

n
(t) mdgomareobis albaTobebi 

kolmogorovis gantolebebis Tanaxmad. ganvixiloT am 

gantolebebis agebis principebi mdgomareoaTa grafis 
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magaliTze, romelic gamosaxulia 2.4 naxazze. mocemuli 

grafis mdgomareobaTa albaTobebi aRvniSnoT p
1
(t), p

2
(t), p

3
(t). 

 
 

pirvel rigSi ganvsazRvroT p
1
(t). amisaTvis ts mivceT 

t nazrdi. Semdeg ganvsazRvroT p
1
(t +t) albaToba imisa, rom  

t + t momentSi sistema iqneba S
1
 mdgomareobaSi. es movlena 

SeiZleba ganxorcieldes 2 xerxiT: 

1) t drois momentSi sistema imyofeba S
1
 mdgomareobaSi 

da t drois ganmavlobaSi ar gamovida am mdgomareobidan; 

2) t drois momentSi sistema imyofeba S
3
 mdgomareobaSi 

da t drois ganmavlobaSi gadava S
1
 mdgomareobaSi. 

albaToba imisa, rom t drois momentSi sistema iyo S
1
 

mdgomareobaSi da t drois ganmavlobaSi ar gamovida S
1
dan, 

tolia ori albaTobis namravlisa. pirveli Tanamamravli 

p
1
(t) aris albaToba imisa, rom t drois ganmavlobaSi sistema 

imyofeba S
1
 mdgomareobaSi, xolo meore Tanamamravli p

12
(t) 

aris pirobiTi albaToba imisa, rom t drois ganmavlobaSi 

sistema ar gadava S
2
 mdgomareobaSi im pirobiT, rom t 

momentamde sistema imyofeboda S
1
 mdgomareobaSi. es pirobiTi 

albaToba ganisazRvreba Semdegnairad. SemTxveviTi procesebis 

Teoriidan cnobilia, rom  

 

 

(2.3) 



65 

 

sadac p
ij
(t) pirobiTi albaTobaa imisa, rom t drois 

ganmavlobaSi sistema S
i
 mdgomareobidan gadava S

j
 

mdgomareobaSi, im pirobiT, rom t drois momentamde sistema 

imyofeboda S
i
 mdgomareobaSi. 

(2.3)dan SegviZlia davweroT, rom 

p
ij
(t) = 

ij
t + o(t), 

sadac o(t) usasrulod mcire sididea ufro maRali 

xarisxis, vidre (t). Cveni magaliTisaTvis:  

p
12

(t) = 
12
t + o(t), 

xolo saZiebeli pirobiTi albaToba tolia:  

1p
12

(t)=1  
12
t, 

sizustiT usasrulo mcire o(t)mde.  

meore SemTxvevaSi albaToba imisa, rom sistema t drois 

momentSi imyofeboda S
3
 mdgomareobaSi da t drois 

monakveTSi gadavida S
1
 mdgomareobaSi, aseve ganisazRvreba 

p
3
(t)  p

31
(t) namravliT, sadac p

31
(t)  gadasvlis pirobiTi 

albaTobaa S
3
 mdgomareobidan S

1
 mdgomareobaSi. p

31
(t) 

albaToba ganisazRvreba Semdegnairad: 

p
31

(t) = 
31 

t. 

amis Semdeg, p
1
(t + t) albaTobas ganvsazRvravT, rogorc 

1 da 2 movlenebis albaTobaTa jams (radganac es movlenebi 

araTavsebadia): 

p
1
(t + t) = p

1
(t) (1  

12
 t) + p

3
(t) 

31
 t. 

mocemul gamosaxulebaSi p
1
(t) gadavitanoT tolobis 

marcxena mxares da orive mxre gavyoT tze, miviRebT: 
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mocemul gantolebaSi gadavideT zRvarze, roca t 0 

 

maSin miviRebT:  

 

diferencialuri gantolebebi danarCeni mdgomareobe-

bisTvis ganisazRvreba analogiurad. sabolood, miviRebT 

diferencialur gantolebaTa sistemas: 

 

miRebuli sistema warmoadgens kolmogorovis 

gantolebaTa sistemas. 

pi(t) albaTobis gansazRvrisaTvis aucilebelia 

movaxdinoT mocemuli sistemis integrireba, risTvisac 

aucilebelia mivceT mas sawyisi pirobebi, romelic 

Cveulebriv ganisazRvreba S sistemis sawyisi mdgomareobiT. 

magaliTad, Tu S sistemisaTvis miviRebT, rom sawyis 

momentSi is imyofeboda S2 mdgomareobaSi, maSin sawyisi 

pirobebi iqneba: t = 0, p1 = 0, p2 = 1, p3 = 0. 

zogad SemTxvevaSi kolmogorovis gantolebaTa sistema 

SeiZleba aigos gansazRvruli wesis gamoyenebiT saanalizo 

procesis mdgomareobebis grafis arsebobis SemTxvevaSi. 

moviyvanoT es wesi. TiToeuli Si mdgomareobisaTvis 

ganisazRvreba am mdgomareobis albaTobis warmoebuli da 

Caiwereba gantolebis marcxena mxareSi. marjvena nawilis 

wevrTa raodenoba ganisazRvreba rkalebis raodenobiT, 
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romlebic dakavSirebulia mocemuli S mdgomareobis Sesaxeb 

grafis mwvervalTan. amasTan, gantolebis marjvena mxaris 

nebismieri wevri ganisazRvreba rkalze naCvenebi gadasvlis 

intensiurobis namravliT im mdgomareobis albaTobaze, 

saidanac gamodis rkali. Tu rkali gamodis mwvervalidan, 

maSin misi Sesabamisi wevri gantolebaSi iqneba minus niSniT. 

Tu rkali Sedis mwvervalSi, maSin  plus niSniT. 

markovis jaWvs xSirad gamosaxaven `gaqrobisa da 

gamravlebis~ procesis saxiT. grafs _ ~gaqroba da 

gamravleba~ aqvs Semdegi saxe (nax.2.5): 

 

nax.2.5 

mocemul grafSi nebismieri S
i
 mdgomareoba, garda 

kidura S
1
 da S

n
 mdgomareobebisa, dakavSirebulia or mezobel 

mdgomareobasTan, e.i. S
i
 mdgomareobidan SeiZleba gadasvla 

mxolod S
i1

 da S
i+1

 mdgomareobebSi. kidura S
1
 mdgomareobidan 

gadasvla SeiZleba mxolod S
2
 mdgomareobaSi, xolo kidura 

S
n
 mdgomareobidan  mxolod S

n1
 mdgomareobaSi. 

`gaqrobis da gamravlebis~ procesis mdgomareobaTa 

albaTobebisaTvis kolmogorovis gantolebaTa sistema 

SeiZleba Caiweros zemoT moyvanili wesis mixedviT.  

Cveulebriv mmsis gamokvleva iwyeba moTxovnaTa 

Semavali nakadis SeswavliT. SemoviRoT X(t) funqcia, 

romelic axasiaTebs moTxovnaTa Semaval nakads da gan-

sazRvravs moTxovnaTa raodenobas 0,t drois ganmavlobaSi. 

drois am SualedSi mmsSi SeiZleba Sevides 1,2 an zogadad 

K moTxovna, magram SeiZleba isec moxdes, rom saerTod arc 

erTi moTxovna ar Sevides. aqedan gamomdinareobs, rom 
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Semavali nakadi warmoadgens SemTxveviT sidides. amitom X(t) 

funqciac, romelic asaxavs moTxovnaTa Sesvlis process 

mmsSi, agreTve SemTxveviTi sididea. cxadia, igi Rebulobs 

mxolod mTel mniSvnelobebs. 

moTxovnaTa nakadi, romelic Sedis mmsSi, zogadad 

SeiZleba ganawildes nebismieri kanonis mixedviT. amasTan, 

masobrivi momsaxurebis klasikur TeoriaSi ZiriTadad 

gamoiyeneba umartivesi nakadi, radganac iTvleba, rom aseTi 

nakadis arsebobis SemTxvevaSi mms muSaobs uaRresad mZime 

pirobebSi. 

nakads ewodeba umartivesi, Tu mas gaaCnia 

stacionarulobis, ordinalurobisa da momdevno Sedegis 

uqonlobis Tvisebebi. ganvixiloT es Tvisebebi. 

Tu sistemaSi moTxovnaTa Sesvlis albaToba t
i
, t

j
 drois 

momentSi damokidebulia am monakveTis sidideze da ar aris 

damokidebuli drois aTvlis dasawyisze, maSin nakadis am 

Tvisebas ewodeba stacionaruloba. es Tviseba saSualebas 

iZleva ganvsazRvroT nakadis maxasiaTeblebi drois nebismier 

momentSi, e.i. Tu nakadi gamokvleulia romeliRac (t
i
, t

j
) 

drois SualedSi, maSin saWiro aRar aris misi gamokvleva 

sxva (t
i+l

, t
j+n

) SualedebSi. 

Tu moTxovnaTa raodenoba, romelic Sesulia mmsSi t 

drois momentis Semdeg, ar aris damokidebuli t drois 

momentamde Sesuli moTxovnebis raodenobaze, maSin nakadis 

aseT Tvisebas ewodeba momdevno Sedegis uqonloba. 

Tu t drois momentSi mmsSi Sedis araumetes erTi 

moTxovnisa an ori, an meti moTxovnis Sesvlis albaToba 

0is tolia, maSin am Tvisebas ewodeba ordinaruloba. 

umartivesi nakadi ganawilebulia puasonis kanoniT da 

aqvs Semdegi saxe: 

 
sadac p

k
(t) aris t drois momentSi k raodenobis moTxovnaTa 

Sesvlis albaToba; k  moTxovnaTa raodenoba; t  mimdinare 
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dro;   nakadis parametria (nakadis intensiuroba an mmsSi 

Semavali moTxovnaTa raodenobaa drois erTeulSi). 

puasonis nakadisaTvis, mmsSi drois erTeulSi 

Semosuli moTxovnaTa ricxvis maTematikuri molodini an 

saSualo mniSvneloba Mk(t) tolia nakadis  intensiurobisa:

  

Mk(t) = 

mmsis praqtikuli amocanebis amoxsnis dros, pirvel 

rigSi aucilebelia davadginoT, Tu ra kanoniT aris 

ganawilebuli moTxovnaTa Semavali nakadi. amisaTvis saWiroa 

vawarmooT dakvirveba realur Semaval nakadze. amasTan, 

dakvirvebis mTeli dro unda davyoT gansazRvrul T
i
 

intervalebad saboloo wertilebiT t
i
, t

i+1
, sadac i = (1, l ), 

xolo l intervalTa saerTo ricxvia. 

nakadze dakvirvebis 

Sedegad miRebuli 

statistikuri monacemebis 

safuZvelze ganisazRvreba 

statistikuri albaTobebi 

p
i
* (sixSireebi) da aigeba 

sixSiris histograma 

(nax.2.6). 
 

 

nax.2.6 

amasTan, 

 
sadac m

i
 intervalebis raodenobaa moTxovnaTa erTnairi 

ricxviT; n  dakvirvebaTa saerTo ricxvi. 

dakvirvebis statistikuri monacemebi saSualebas iZleva 

agreTve ganisazRvros Mk(t) maTematikuri molodini 

moTxovnaTa ricxvisa: 
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sadac x

i
 moTxovnaTa ricxvia iur intervalSi. 

rogorc aRvniSneT, puasonis nakadisaTvis moTxovnaTa 

ricxvis maTematikuri molodini drois erTeulSi tolia 

nakadis  intensiurobisa, e.i. Mk(t) = . amitom s napovni 

mniSvnelobis safuZvelze ganisazRvreba pmi  albaTobebis 

Teoriuli mniSvnelobebi, romlebic ganawilebulia puasonis 

kanoniT: 

 
 

amis Semdeg, histogramis gamomsaxvel grafikze aigeba 

pm
i
 ganawilebis Teoriuli mrudi (nax.2.6). imis 

Sesamowmeblad, rom Semavali nakadi ganawilebulia puasonis 

kanoniT, saWiroa visargebloT   Tanxmobis kriteriumiT, 

romelic saSualebas iZleva SevafasoT statistikuri da 

Teoriuli ganawilebis Sesabamisobis xarisxi. SevadginoT m
i
 

da n  Pm
i
 ricxvebis Sesadarebeli cxrili 2.1: 

cxr.2.1 

 
 

statistikur da Teoriul ganawilebas Soris 2 

sxvaobis zomis gansazRvra warmoebs Semdegi formuliT: 
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sadac l Tanrigebis raodenobaa. 

amis Semdeg, aucilebelia ganvsazRvroT Tavisuflebis 

xarisxi r = l  s. sadac s damyarebuli kavSirebis ricxvia 

(puasonis kanonisaTvis s = 2). 2isa da ris napovni 

mniSvnelobebis mixedviT, specialuri cxriliT 2is 

mniSvnelobaTa cxrili) ganisazRvreba p albaToba imisa, rom 

statistikuri ganawileba puasoniseulia. Tu es albaToba p 

 0,1, maSin puasoniseuli ganawilebis hipoTeza sworia; im 

SemTxvevaSi, roca p < 0,1  hipoTeza arasworia. 

mmsis erTerT ZiriTad maxasiaTebels, Semaval 

nakadTan erTad, warmoadgens momsaxurebis dro, romelic 

ixarjeba erTi momsaxurebis xelsawyoTi erTi moTxovnis 

momsaxurebaze. amasTan iTvleba, rom momsaxurebis dro Tu 

amoiwura, maSin moTxovna tovebs mmss momsaxurebuli. 

momsaxurebis dro warmoadgens SemTxveviT sidides. jer 

erTi, momsaxure xelsawyoebi araerTgvarovania, maT gaaCniaT 

sxvadasxva saeqspluatacio maxasiaTeblebi. meorec, TviT 

moTxovnebic ar aris erTgvarovani. momsaxurebis drois 

aRsawerad aucilebelia ganawilebis kanonis gamoyeneba. 

aRvniSnoT p(t
moms
 < t) albaToba imisa, rom momsaxurebis dro 

t
moms
 naklebia winaswar mocemul t droze, maSin funqcia  

F(t) = p(t
moms
< t) warmoadgens momsaxurebis drois ganawilebis 

kanons. masobrivi momsaxurebis klasikur TeoriaSi 

miRebulia, rom momsaxurebis dro ganawilebulia 

maCvenebliani kanoniT: 

F(t) = 1  et, 

sadac  momsaxurebis parametria. is ganisazRvreba 

rogorc 


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  moTxovnis momsaxurebis saSualo dro, anu s 

ukumniSvneloba warmoadgens momsaxurebis drois maTematikur 

molodins M(t): 

 
  s xSirad uwodeben momsaxurebis intensiurobas. 

mmsis klasifikacia ZiriTadad xorcieldeba moTxovnis 

qcevis mixedviT, romelic Sedis mmsSi im momentSi, 

rodesac yvela momsaxure xelsawyo dakavebulia. Tu amasTan, 

moTxovnileba ar elodeba romelime momsaxurebis xelsawyos 

ganTavisuflebas da tovebs sistemas momsaxurebis gareSe, 

maSin aseT mmsebs ewodeba mms danakargebiT an uaris TqmiT. 

xolo aseT moTxovnebs xSirad uwodeben `mouTmenel 

klientebs~. 

Tu moTxovnebis sistemaSi Sesvlis dros yvela 

momsaxurebis xelsawyo dakavebulia, magram amasTan moTxovna 

ar tovebs sistemas da elodeba romeliRac momsaxurebis 

xelsawyos ganTavisuflebas, maSin mmss ewodeba mms rigebiT, 

an mms molodiniT, an mms udanakargod. 

mmsis funqcionirebis Sesafaseblad SemoRebulia 

specialuri efeqturobis kriteriumi. mmsis uaris TqmiT 

daxasiaTebis erTerT ZiriTad kriteriumad iTvleba 

moTxovnis momsaxurebaze uaris Tqmis albaToba. es 

kriteriumi axasiaTebs mmsis gamtarunarianobas. mmsis 

uaris TqmiT funqcionirebis Sesafaseblad gamoiyeneba 

agreTve efeqturobis iseTi kriteriumi, rogoricaa 

momsaxurebis xelsawyoTa saSualo ricxvi, romlebic 

dakavebulia moTxovnaTa momsaxurebiT. 

mmsis lodiniT funqcionirebis Sesafaseblad 

gamoyenebulia Semdegi kriteriumebi: rigis sigrZe, 

Tavisufali momsaxure xelsawyoebis ricxvi. rigis sigrZe 

SemTxveviTi sididea, igi ganisazRvreba im moTxovnebis 

saSualo ricxviT, romlebic elodeba momsaxurebis dawyebas. 

misi meSveobiT SesaZlebelia SevafasoT moTxovnaTa mocdenis 
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xarisxi. Tavisufali momsaxurebis xelsawyoTa ricxvi 

axasiaTebs mmsis datvirTvis xarisxs. 

ganvixiloT mms danakargebiT an uaris TqmiT. 

vTqvaT, mmss gaaCnia n momsaxure xelsawyo. xSirad 

aseT mmss uwodeben narxians. mocemuli mmsis 

funqcionireba SeiZleba warmovadginoT Semdegi 

mdgomareobebis grafis saxiT (nax.2.7): 

 
nax.2.7 

 

S
k
 mmsis mdgomareobaa, k = (1,n);   moTxovnaTa nakadis 

intensiuroba;   momsaxurebis intensiuroba; S
0
  

mdgomareoba, romlis drosac yvela momsaxurebis xelsawyo 

Tavisufalia; S
1
  dakavebulia erTi momsaxure xelsawyo, 

danarCeni Tavisufalia; S
2
  dakavebulia 2 momsaxure 

xelsawyo, danarCeni Tavisufalia; S
k
  dakavebulia k 

momsaxure xelsawyo, danarCeni Tavisufalia; S
n
  dakavebulia 

n momsaxure xelsawyo. 

SemoviRoT Semdegi daSvebebi. erTi momsaxure xelsawyo 

erTdroulad emsaxureba mxolod erT moTxovnas. Tu mmsSi 

rigiTi moTxovnis Semosvlis dros aris erTi mainc 

Tavisufali momsaxure xelsawyo, maSin is dauyovnebliv 

iwyebs mis momsaxurebas. momsaxurebis drois damTavrebis 

Semdeg moTxovna tovebs mmss momsaxurebuli. mmsSi Sedis 

umartivesi nakadi da momsaxurebis dro ganawilebulia 

maCvenebliani kanoniT. 

Tu sistema imyofeba S
0
 mdgomareobaSi, maSin moTxovnaTa 

nakadis Sesvlis dros  intensiurobiT is gadava S
1
 

mdgomareobaSi. S
1
 mdgomareobaSi mmsze moqmedebs ori nakadi: 

 moTxovnaTa nakadi, romelsac mms gadahyavs S
2
 

mdgomareobaSi da  momsaxurebis nakadi, romelsac mms 
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gadahyavs S
0
 mdgomareobaSi. sxvagvarad rom vTqvaT, erTi 

momsaxure xelsawyos ganTavisuflebis SemTxvevaSi, e.i. 

rodesac mTavrdeba erTi moTxovnis momsaxureba, mms gadadis 

S
0
 mdgomareobaSi   intensiurobiT. zogad SemTxvevaSi, mms 

gadadis S
k
 mdgomareobidan S

k+1
 mdgomareobaSi  

intensiurobis nakadis moqmedebiT, xolo S
k
 mdgomareobidan 

S
k1

 mdgomareobaSi k momsaxurebis nakadis moqmedebiT, 

radganac am SemTxvevaSi yvela k momsaxure xelsawyo 

Tavisufldeba. 

albaTuri mdgomareobisTvis gantolebis Sedgenis wesis 

Tanaxmad, SevadgenT kolmogorovis diferencialur 

gantolebaTa sistemas mocemuli mmsTvis (nax.2.7): 

 
sadac p

k
(t) albaTobaa imisa, rom t drois momentSi 

momsaxurebiT dakavebulia k momsaxurebis xelsawyo.  

miRebuli diferencialur gantolebaTa sistema 

warmoadgens erlangis sistemas. misi amoxsna dakavSirebulia 

siZneleebTan, amitom masobrivi momsaxurebis TeoriaSi eZeben 

zRvrul amonaxsns stacionarul reJimSi, roca t. 

amisaTvis (2.4) sistemaSi gadavideT zRvarze, roca t. 

amasTan, gamoviyenoT markovis cnobili Teoremis Sedegi: 

 
maSin (2.4) sistemis gantolebaTa marcxena nawili 

toli iqneba 0is, xolo marjvena nawilSi p
k
(t) albaTobebis 
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adgilze darCeba p
k
 albaTobebi da miviRebT Semdeg algebrul 

gantolebaTa sistemas: 

 
mocemuli sistema amovxsnaT Semdegnairad. aRvniSnoT  

Z
k
 =   p

k1
   k  p

k
,, maSin (2.5)-is pirveli gantolebidan 

gamomdinareobs, rom  

              Z
1
 =  p

0
   p

1
 = 0.  

advili Sesamowmebelia, rom  

Z
1
 = Z

2
 = ... = Z

k
 = Z

k+1
 = ... = Z

n
 = 0. 

Tu gamoviyenebT Z
k
s gamosaxulebas, miviRebT: 

 p
k1

 =  k  p
k
. 

vipovoT p
k
: 

 
zogad SemTxvevaSi: 

 
radgan p

k
(t) mdgomareobaTa albaTobebi Seadgens movlenaTa 

srul jgufs, amitom 
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magram, stacionaruli reJimis SemTxvevaSi, roca t , 

SeiZleba Caiweros: 

 
 

(2.7)-Si p
m
is magivrad CavsvaT (2.6) gamosaxuleba, 

miviRebT: 

 
 

roca k = n, yvela momsaxure xelsawyo iqneba 

dakavebuli da Tu am momentSi mmsSi Semovida moTxovna, 

maSin is uars miiRebs momsaxurebaze. Tu gamoviyenebT (2.3) 

da (2.4) gamosaxulebebs, vipoviT p
n
 albaTobas: 

 
mocemuli albaToba warmoadgens momsaxurebaze uaris 

Tqmis albaTobas. amis Semdeg ganvsazRvroT dakavebul 

momsaxure xelsawyoTa ricxvis M maTematikuri molodini: 

 
 

axla ganvixiloT mms lodiniT. 
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mms lodiniT analizis dros viyenebT yvela im 

daSvebas, romelic iyo miRebuli mms uaris TqmiT ganxilvis 

dros. vTqvaT, mmss gaaCnia n momsaxurebis xelsawyo. 

davuSvaT, mmsSi Sedis moTxovnaTa umartivesi nakadi  

intensiurobiT da erTi momsaxurebis xelsawyoTi moTxovnis 

momsaxurebis intensiuroba  -s tolia. rigSi myofi 

moTxovnebis raodenoba aRvniSnoT miT. moviyvanoT 

mocemuli mmsis mdgomareobaTa grafi (nax.2.8). 

 

 

nax.2.8 

 

mmsis mdgomareobis gansazRvris dros 

gaviTvaliswinoT rigis arseboba an ararseboba. radganac 

sistemas gaaCnia n momsaxurebis xelsawyo, rigi Seiqmneba 

mxolod mas Semdeg, rac dakavebuli iqneba yvela n xelsawyo. 

ganvixiloT mmsis mdgomareobebi 2.8 naxazze gamosaxuli 

grafis Sesabamisad. 

S
0
  yvela xelsawyo Tavisufalia; S

1
  dakavebulia erTi 

momsaxurebis xelsawyo, danarCeni Tavisufalia; S
k
  

dakavebulia k momsaxurebis xelsawyo, danarCeni 

Tavisufalia; S
n
  dakavebulia n momsaxurebis xelsawyo, 

danarCeni Tavisufalia. roca n < k  m, sistemaSi warmoiSoba 

rigi; maSin S
n+1

  mdgomareoba, romlis drosac dakavebulia n 

momsaxurebis xelsawyo da erTi moTxovna dgas rigSi; S
n+m

  

dakavebulia n momsaxurebis xelsawyo da m moTxovna dgas 

rigSi. 

mocemul sistemaSi erTi mdgomareobidan meoreSi 

gadasvla xorcieldeba iseve, rogorc mms uaris TqmiT, 

magram Semdegi faqtoris gaTvaliswinebiT. 
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gadasvla Sn+i mdgomareobidan Sn+i1 -Si, sadac           

i = (1,m) gamosaxavs n momsaxurebis xelsawyoebidan erTerTis 

ganTavisuflebas. e.i. mms-Si rigis arsebobis SemTxvevaSi 

momsaxurebis nakads eqneba n  intensiuroba. 

mms lodinis SemTxvevaSi kolmogorovis gantolebaTa 

sistemas eqneba iseTive saxe, rogorc mms uaris Tqmis dros. 

amitom, Tu ar gavimeorebT wina gamoTvlebs, SegviZlia 

ganvsazRvroT zRvruli amonaxsnebi, e.i. Sk mdgomareobis 

zRvruli albaTobebi: 

 
es gamosaxulebebi marTebulia im SemTxvevisaTvis, roca 

mmsSi ar aris rigi. rigis warmoSobis SemTxvevaSi 

Sesabamisi mdgomareobis albaTobebi SeiZleba ganisazRvros 

Semdegnairad.  

visargebloT   

 
damokidebulebiT.  

aqedan  

 
radganac ganTavisuflebebis nakadis intensiuroba tolia n 

(momsaxurebis xelsawyoebis raodenoba ar aWarbebs ns), 

maSin: 

 
analogiurad 
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mdgomareobis p
n
 albaTobebi Seadgens movlenaTa srul 

jgufs, amitom 

 
warmovadginoT mocemuli jami Semdegnairad: 

 
(2.8) gamosaxulebaSi pirveli jami Sedgenilia 

mdgomareobaTa albaTobebisagan im SemTxvevisTvis, rodesac 

ar aris rigi, xolo meore  rodesac rigi aris. 

warmovadginoT (2.8) gamosaxuleba Semdegnairad: 

 
da vipovoT p

0
: 

 
 

Tu gvecodineba mdgomareobis albaTobebi, SegviZlia 

ganvsazRvroT mmsis lodiniT funqcionirebis Sefasebis 

kriteriumebi. radganac rigis sigrZe SemTxveviTi sididea, 

amitom ganvsazRvroT misi M
1
 maTematikuri molodini: 

 
Tu gvaqvs M

1
, SegviZlia K

1
 koeficientis meSveobiT 

SevafasoT moTxovnis mocdenis sidide rigSi:   
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sadac K

1
 moTxovnis mocdenis koeficientia. 

aseve SemTxveviTi sididea Tavisufali momsaxurebis 

xelsawyoebis ricxvi, amitom ganvsazRvroT misi M
2
 

maTematikuri molodini

 
M is safuZvelze, K

2
 koeficientis meSveobiT 

SegviZlia SevafasoT momsaxurebis xelsawyos mocdenis 

sidide: 

 

 
 

axla ganvixiloT erTi magaliTi konkretuli amocanis 

gadasawyvetad. 

`sazRvao ports aqvs sami navmisadgomi. datvirTuli 

tankerebis saSualo raodenoba, romelic Semodis portSi  

1 Tvis ganmavlobaSi aris 20-is toli. erTi tankeris 

momsaxurebas sWirdeba saSualod 6 dRe. saWiroa Sefasdes 

portis funqcionirebis maCveneblebi~. 

mocemuli amocana miekuTvneba sistemas lodiniT. 

ganvsazRvroT misi ZiriTadi maxasiaTeblebi: 

albaToba imisa, rom yvela navmisadgomi iqneba 

Tavisufali, anu navsadgurSi ar Semova arc erTi gemi: 
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ganvsazRvroT rigSi myofi gemebis raodenobis 

maTematikuri molodini: 

 

 

 

gemebis rigSi mocdenis sidide iqneba: 

 
es niSnavs, rom TiToeuli gemi Tavis drois 15% 

mocdenili iqneba. axla ganvixiloT Tavisufali (mocdenili) 

navmisadgomebis saSualo raodenoba: 

 

xolo navmisadgomis mocdenis sidide 

 

amrigad, TiToeuli navsadgomi mocdenili iqneba Tavis 

drois 16%. 
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2.2. rigebis saxeebi masobriv  

momsaxurebis sistemebSi 

masobriv momsaxurebis sistemebSi Semaval da gamomaval 

moTxovnaTaA nakadis intensivobis gamosaTvleli meTodi aris 

erT-erTi ZiriTadi sakiTxi. rogorc cnobilia, aq misaRebia 

ingliseli maTematikosis, david kendalis (1918-2007) 

notacia rigebis Teoriis standartizaciis da klasifikaciis 

sakiTxebze (56). rigebis aRweris gafarToebuli modeli 

moicema eqvseuliT: 

< А/S/c/K/N/D >,  sadac 

A rigSi moTxovnebis Semosvlis statistikuri 

ganawilebaa (M, Tu procesi markovulia); S - rigSi 

moTxovnis momsaxurebis ganawileba (M-markovuli an 

eqsponencialuri, E-erlangis ganawileba, G-saerTo 

ganawileba da a.S.); c – identuri momsaxure obieqtebis 

raodenoba (   ); K-klientebis max-raodenobaa, romelTa 

momsaxureba xdeba (Tu K-ze metia, maSin klienti ar icdis 

rigSi. Tu K araa mocemuli, maSin klientebis raodenobaze 

araa SezRudva, usasruloa); N-klientTa max-raodenoba, 

romelic SeiZleba movides sistemaSi (Tu araa mocemuli, 

maSin  ). D–momsaxurebis disciplina (FIFO, LIFO, SIRO 

(Service In Random Order), PNPN (Priority service) an PS (Processor 

Sharing)) [56]. 

gamokvlevebis Sedegad dadginda, rom markovis 

procesebi TamaSobs fundamentur rols masobrivi 

momsaxurebis sistemebis kvlevisas. markovis procesebis 

ZiriTadi Sedegebis analizze dayrdnobiT gairkva, rom misi 

erT-erTi kerZo SemTxvevaa gamravlebisa da gaqrobis 

procesi. momdevno paragrafebSi aRiwereba rigebis saxeebi, 

romlebic gvxvdeba masobrivi momsaxurebis sistemebSi.  
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2.2.1.  M/M/1  sistema 

 

sistemis stacionalur reJimSi muSaobis erT-erTi 

mniSvnelovani pirobaa Semavali da gamavali nakadi iyos 

Tanabari, am principis gaTvaliswinebiT arsebobs klasikuri 

M/M/1 saxis sistema, romelsac gamravlebis da gaqrobis 

sitemas uwodeben.   

gamravlebisa da gaqrobis prcess aqvs erTi metad 

mniSvnelovani Tviseba: drois is Sualedi, romel momentSic  

xdeba gamravleba da drois SualedSi, romel momentSic  

xdeba gaqroba (rodesac sistema ar aris Tavisufali da ver 

Rebuloba moTxovnebs) aRiwereba ganawilebis maCvenebliani 

kanoniT (es miuTiTebs imas, rom procesi aris 

markovuli).Ees procesi zogadad SeiZleba CamovayaliboT 

Semdegnairad: M/M/1 saxis sistema aris iseTi sistema, 

sadac drois Sualedi  mezobel moTxovnaTa Soris 

ganawilebulia maCvenebliani kanoniT, agreTve momsaxurebis 

droc ganawilebulia maCvenebliani kanoniT da sistema 

Seicavs mxolod erT momsaxure mowyobilobas.  

Tu aviRebT koeficientebisTvis Semdeg mniSvnelobebs: 

 k ,  k=0,1,2, . . . 

 k ,  k=1,2, 3, . . . 

es miuTiTebs, rom gamravlebis yvela intensivoba λ 

aris mudmivi da Tanabari da agreTve gaqrobis yvela 

inyensivobac μ aris mudmivi da Tanabari. (am SemTxvevaSi or 

mezobel moTxovnas Soris Sualedis saSualo sigrZe tolia: 

/1t  da momsaxurebis saSualo dro ki tolia /1x ; 

es ganpirobebulia imiT, rom orive SemTxveviTi sidide t  da 

x  ganawilebulia maCvenebliani kanoniT. aRsaniSnavia is 
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garemoeba, rom sistemis mdgomareobis sivrce aris 

usasrulo da rom moTxovnaTa momsaxureba xorcieldeba 

maTi dadgomis TanamimdevrobiT.  

gadasasvlelTa intensivobis diagrama mocemulia M/M/1 

tipisTvis (nax.2.9).  

nax.2.9 gadasasvlelTa intensivobis diagrama  

M/M/1 tipisTvis 

albaToba imisa, rom sistemaSi dayenebuli yvela 

moTxovna dadgeba momsaxurebaze tolia: 

 

 

ganxiluli sistemisaTvis ergodiulobis piroba 

mdgomareobs imaSi, rom 1S  da 2S ; pirveli piroba 

mocemuli SemTxvevisaTvis Caiwereba Semdegi saxiT: 









 









k

k k

k

p

p
S

0 00

1



. 

tolobis marcxena mxare sruldeba  mxolod maSin, 

roca 1/  . Eergodiulobis meore piroba Rebulobs 

Semdeg saxes: 

.
1

)/(

1

00 0

2 







 









k

kk k pp
S






 

es ukanaskneli piroba sruldeba maSin rodesac  

1/  . Ee. i.  aucilebeli da sakmarisi piroba imisa, rom   

M/M/1 sistema aris ergodiuli aris is, rom unda 

sruldebodes   utoloba:    . 

imisaTvis, rom vipovoT 0p  unda gamoviyenoT formula:                                  







1

0

0

k

i

k pp



,0

k

k pp 












an  k≥0.   .  .  . (2.9) 
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       .1/1
1

0























 



k

k

p



, radgan    moviRebT:  

           












 1

/1

/
1

1
0p    .   .   .     (2.10) 

rogorc viciT ρ=λ/μ. stacionalurobis pirobis 

Tanaxmad unda sruldebodes utoloba: 0≤ρ<1; es piroba 

gvaZlevs imis garantias, rom Sesruldes utoloba 00 p ; 

gantoleba (2.9) - is Tanaxmad sabolood miviRebT:  

         ,...2,1,0,)1(  kp k

k      . . .    (2.11) 

(2.11) tolobis Tanaxmad albaToba imisa, rom sistema 

Seicavs k moTxovnas. mniSvnelovania aRvniSnoT, rom kp  

albaToba ganisazRvreba λ da μ-s    -sTan damokidebulebaze. 

2.10 naxazze naCvenebia ganxiluli sistemisaTvis kp  

albaTobis  mniSvneloba, im SemTxvevaSi roca 2/1 . 

rogorc naxazidan Cans es ganawileba aris geometriuli.  

 

Nnax.2.10 stacionaluri kp  albaToba mms-is  

M/M/1  tipisTvis 

M/M/1 sistema kvlevisas davinaxavT, rom sistemaSi 

arsebuli TiTqmis yvela mniSvnelovani ganawilebis albaToba 

ganekuTvneba uSemdegmoqmedo ganawlebis tips. masobrivi 

momsaxurebis sistemebSi mniSvnelovania moTxovnaTa saSualo 

N ricxvi. Ees sidide mocemulia tolobiT: 
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 






 


0 0 1
)1(

k k

k

k kkpN



        (2.12) 

 

   
     

   

 

sistemaSi moTxovnaTa saSualo ricxvis grafiki 

mocemulia 2.11 naxazze, analogiuri meTodiT vpoulobT, rom 

sistemaSi moTxovnaTa ricxvis dispersia tolia: 

           





0

22 ;)(
k

kN pNk  

           .
)1( 2

2







N     .  .  .       (2.13) 

(2.13) aris litlis formula, saidanac SesaZlebelia 

miviRoT sistemaSi moTxovnaTa Semosvlis saSualo dro: 

           

.
1

/1

;
1

1




































T

T

N
T

  .  .  .       (2.14) 

Nnax.3 M/M/1- tipis sistemaSi 

moTxovnaTa saSualo ricxvi 

 

 

   

nax.2.11 M/M/1- tipis sistemaSi 

moTxovnaTa saSualo ricxvi 
 
 
   

Nnax.2.12. M/M/1- tipis sistemaSi 
moTxovnaTa dayenebis saSualo  

dro, rogorc ρ-s funqcia 
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moTxovnaTa sistemaSi Semosvlis saSualo drois  -ze 

damokidebulebis grafiki  naCvenebia 2.12 naxazze. Т-sidide, 
romelic Seesabameba wertils  =0, tolia moTxovnis 

momsaxurebis saSualo mniSvnelobis; sxva sityvebiT, rom 

vTqvaT, am SemTxvevaSi moTxovna ar elodeba rigSi da 

kmayofildeba saSualod 1/μ-wamSi. 
Frodesac sistemaSi   miiswrafis erTisken, rogorc 

moTxovnaTa saSualo ricxvi, aseve moTxovnaTa Semosvlis 

saSualo dro usasrulod izrdeba.  

interess moklebuli ar aris gamovTvaloT albaToba 

imisa, rodesac  sistema Seicavs k-ze nakleb moTxovnebs: 

Р[ ≥k moTxovna sistemaSi] =  









ki ki

ki

ip .)1( 1  (2.15) 

Aam TvalsazrisiT albaToba imisa, rom sistemaSi 

dayenebuli moTxovnaTa ricxvi gadaaWarbebs zRvrul 

mniSvnelobas, aRiwereba gaqrobis geometriuli progresiiT, 

romelic damokidebulia am zRvrul ricxvze da miiswrafvis 

nulisken.  

2.2.2.  M/M/m  sistema: m momsaxure  

mowyobilobiT 

1900-iani wlebis dasawyisiSi danieli mecnieri agner 

erlangi, rogorc masobrivi momsaxurebis sistemebis 

fuZemdebeli, ganixilavda mas, rogorc satelefono qselis 

muSaobis erT-erT models.  

igi aRniSnavda, rom sistemaSi Semosuli moTxovnebi 

unda dadges rigSi da daelodos momsaxurebas. erlangi 

ganixilavda agreTve satelefono sistemis iseT modelsac, 

rogoricaa magaliTad, mms-is M/M/m tipi. es iseTi 

SemTxvevaa, rodesac ar xdeba lodini. Tu sistemaSi Semova 

moTxovna da am dros sistemis momsaxure mowyobiloba 

dakavebulia, maSin moTxovna ikargeba (sistema danakargebiT).   
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ganvixiloT M/M/m sistema, romelsac aqvs moTxovnaTa 

ganusazRvreli raodenobis miRebis saSualeba da dayenebul 

moTxovnaTa mudmivi intensivoba. CavTvaloT, rom sistemaSi 

SeiZleba gamoyenebul iqnas maqsimum m momsaxure 

mowyobiloba. am pirobis formulireba SesaZlebelia 

gamravlebisa da gaqrobis procesis daxmarebiT:  

       , k        k=0,1,2,. . . ; 

         






 




;0,
.,

,min
mkk

kmm
mkk




    . . .        (2.16) 

1
1




C
k

k




 . . .             (2.17)  

2.17 utolobidan gamomdinare iolad davrwmundebiT, 

rom mocemul SemTxvevaSi ergodiulobis pirobas aqvs 

Semdegi saxe: 1/  ; gadasasvlelebis intensivobis 

diagrama am procesisTvis warmodgenilia 2.13 naxazze.   
 

 

 

 

nax.2.13. mms-isTvis gadasasvlelebis intensivobis  

diagrama M/M/m tipi 

 mocemuli diagrama asaxavs momsaxure mowyobilobasTan 

warmoqmnili rigis SemTxvevaSi moTxovna rogor gadadis 

uaxloes momsaxure xelsawyoSi. 

albaToba imisa, rom sistemaSi Semosuli k moTxovna 

dadgeba Tu ara momsaxurebaze, tolia: 

       Pk= P0 


 

ok

i i

i

0 1


,                k=0,1,2,     . . .      (2.18) 

zemoT moyvanili tolobis saSualebiT SegviZlia  

ganvsazRvroT Pk albaTobis mniSvneloba, xolo Tu mas 

gavyofT or nawilad, rogorc damokidebulebas μk-si  k-ze, 

sadac Sesabamisad k≤m-ze, miviRebT Semdeg tolobas: 

   .    . 
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  Pk= P0 .
!
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


 
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
,     .  .  .  (2.19) 

analogourad moviRebT, roca k≥m, 

 Pk= P0 
mk

k
k

mj

ok

i mm
P

mi 




















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






,  . . .  (2.20) 

Tu gavaerTianebT (4.11) da (4.12) tolobebs, miviRebT: 

    Pk =
















;,
!

)(

;,
!

)(

0

0
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k

m
P
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k





 sadac .1





m
  . . . (2.21) 

 gamosaxavs dakavebuli mowyobilobebis lodinis 

koeficients. λ aris Semosuli nakadis intensivoba, xolo 

1/μ momsaxurebis saSualo dro. e.i. 2.21 gantoleba 

gamosaxavs stacionalur albaTobas imisas, rom sistemaSi 

Semosuli k moTxovna dadgeba Tu ara momsaxurebaze.  

P0 –is gansazRvrisaTvis davweroT Semdegi toloba: 

    P0=

1

)(

1

1

1
*

!

)(

!

)(
1


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


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
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albaToba imisa, rom dayenebuli moTxovna Cadgeba 

rigSi mocemulia tolobiT: 

P(lodinisa) = 
mk

mk mk

k

k
mm

m
pp











 
1

*
!

)(
0


. 

Aam TvalsazrisiT,  



90 

 

P(lodinisa) = 
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   (2.23) 

es formula farTod gamoiyeneba satelefono 

sistemebSi; igi gansazRvravs albaTobas imisas, rom m xazis 

mimarT dayenebuli moTxovnaTa nakadi ver daikavebs vercerT 

Tavisufal adgils, anu momsaxure mowyobilobas, ris 

Sedegadac moxdeba moTxovnis dakargva.  

e.i. albaToba imisa rom moTxovna sistemaSi ver 

daikavebs vercerT Tavisufal adgils, gamoiTvleba (4.15) 

formuliT. ganxilul formulas uwodeben C–erlangis 

formulas, xolo Sesabamisi albaToba aRiniSneba C(m, λ/μ). 

evropaSi mas Semdegnairad aRniSnaven  E2,m (λ/μ). 

 2.2.3.  M/M/∞ sistema – dauyovneblad momsaxureba 

(mowyobilobaTa usasrulo raodenoba) 

ganvixiloT SemTxveva, romlis interpretacia SeiZleba 

movaxdinoT dauyovneblad momsaxure mowyobilobasTan, sadac 

momsaxurebis intensivoba izrdeba wrfivad im ricxvis 

zomamde, romelic Seesabameba momlodine moTxovnas. e.i. esaa 

sistema, romelSic yovelTvis moiZebneba axali momsaxure 

mowyobiloba, romelic daakmayofilebs yovel axal Semosul 

moTxovnas. 

, k       k=0,1,2, . . . 

, kk       k=1,2,3, . . . 

am SemTxvevisaTvis gadasasvlelebis intensivobis 

diagramas aqvs 2.14 naxazze gamosaxuli saxe:  
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nax.2.14 gadsasvlelebis intensivobis diagrama  

M/M/∞-tipis mms-isTvis 

xolo albaToba imisa, rom sistemaSi Semosuli yvela 

moTxovna dakmayofildeba, gamoisaxeba tolobiT: 

                  Pk= P0 .
)1(

1

0




 

k

i i 


  . . .                    (2.24) 

am SemTxvevaSi ergodiulobis piroba mocemulia 

martivi utolobis saxiT: 

λ / μ  < ∞. 
amiT SeiZleba vaCvenoT, rom sistema, romelic 

gadavsebulia Semosul moTxovnaTa nakadiT, aris iseTive 

sistema, rogoric dauyovneblad momsaxure sistema.  

masaCusetis universitetis profesoris, jon litlis 

formulis (Little’s law) saSualebiT SesaZlebelia gamovsaxoT 

sistemaSi Semosuli moTxovnis dayovnebis T-saSualo dro: 

 

 T=
)1( /2 


 e

;                   T=1/ μ.   . . .          (2.25) 

 

es piroba ZalaSia im SemTxvevaSi, rodesac sistemaSi 

Semosuli yoveli moTxovnisaTvis garantirebulia misTvis 

gankuTvnili erTi momsaxure mowyobiloba mainc.  

am SemTxvevaSi sistemaSi Semosuli moTxovnis 

dayovnebis dro tolia am moTxovnis momsaxurebis drois, 

romelic saSualod 1/μ wamis tolia.  
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2.2.3.  M/G/1  sistema 

 

M/G/1-sistema aRwers mms-is iseT process, sadac  
Sualedi moTxovnis mowodebis momentsa da momsaxurebas 

Soris ganawilebulia aramaCvenebliani kanoniT. aseTi saxis 

sistemaSi Cven ar SegviZlia ganvsazRvroT Semosul 

moTxovnaTa raodenoba an sistemaSi moTxovnis dayenebis 

realuri dro.  

M/G/1-sistema xasiaTdeba iseTi procesis intensivobiT, 

rogoricaa puasonis intensivoba, λ moTxovniT wamSi da 

saerTo momsaxurebis ganawilebis xangrZlivobiT B(x), 

agreTve X wamSi momsaxurebis saSualo  droTi da K-M 

momentiT, romelic tolia 
k

X . 

pusonis ganawilebis gaTvaliswinebiTa da agreTve imis 

gaTvaliswinebiT, rom sistemaSi moTxovnaTa raodenoba ar 

icvleba erTze metad, samarTliania toloba: kkk drp  . 

ZiriTadi toloba, romelic aRwers urTierTkavSirs 

SemTxveviT sidideebs Soris mms-is M/G/1-tipis sistemebSi, 
rodesac sistemaSi dayenebuli moTxovnis momsaxureba xdeba 

moTxovnisTanave, gamoiTvleba Semdegnairad:  















0

1

1

1

1

n

nn

n
v

vq
q  , sadac 

 0nq ,  . . .                       (2.26) 

am SemTxvevaSi nq moTxovnaTa raodenobaa, romelic 

rCeba sistemaSi nC moTxovnis dakmayofilebis SemTxevaSi, 

xolo nv moTxovnaTa raodenobaa, romelic moxvdeba 

sistemaSi nX  momsaxurebis drois manZilze. Tanamimdevroba 

{qn } qmnis markovul jaWvs, diskretuli mdgomareobiTa da 

uwyveti droiT. zemoT mocemuli tolobidan, sadac 

warmodgenilia sruli informacia sistemis erTi 
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mdgomareobidan meoreSi gadasvlaze da mis stacionalur 

qcevaze SegviZlia M/G/1-sistemisTvis damaxasiaTebeli 

ramdenime Sedegi miviRoT. 

yvelaze cnobili Sedegi, romelic damaxasiaTebelia 

M/G/1-sistemisTvis aris pliaCka-xinCinis formula, 

romelsac Semdegi saxe aqvs: 

           







1

2/
2

X
W   . . .            (2.27) 

igi gamosaxavs lodinis saSualo droisaTvis rigSi 

wonasworobis mdgomareobas. gamosaxulebaSi mricxveli 

tolia drois maTematikuri lodinis, romlis ganmavlobaSi 

axali mowodebuli moTxovna unda daelodos rigs, sanam 

damTavrdeba wina moTxovnis momsaxureba (Tuki es arsebobs), 

romelic axali moTxovnis miwodebis momentSi imyofeboda 

momsaxure xelsawyoSi.   pliaCka-xinCinis formulis 

gamoyenebiT SegviZlia ganvsazRvroT sistemaSi dayenebul 

moTxovnaTa saSualo raodenoba: 

 

        








1

2/22 X
N ;              (2.28) 

sistemisTvis damaxasiaTebeli mniSvnelobis maqsimumi, 

risi gakeTebac SeiZleba sxvadasxva sidideebis ganawilebisas, 

ZiriTadad esaa maTi warmonaqmnis povna.  

warmonaqmni aRvniSnoT kP  sididiT da gamovsaxoT 

Semdegi formulis saSualebiT: 

   





1

)(
k

k

k ZPzQ =
zB

z
B

z

z





)(

)1)(1(
)(




 , . . .  (2.29) 

sadac )( zB    aris momsaxurebis drois wertilSi 

laplasis warmonaqmnis simkvrivis ganawileba, xolo 

tolobis marjvena mxares Caweril gamosaxulebas ki ewodeba 
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pliaCka–xinCinis warmonaqmnTa toloba sistemaSi dayenebul 

moTxovnaTa raodenobisaTvis. Aqedan SegviZlia gamovTvaloT 

lodinis dro laplasis warmonaqmnisaTvis: 

        
)(

)1(
)(

sBs

s
sW








 , . . .         (2.30)  

xolo sistemaSi laplasis warmonaqmnis Sesvlis dro 

gamoisaxeba Semdegnairad: 

)(

)1(
)()(

sBS

S
sBsS








 ;            (2.31) 

mniSvnelovani albaTobis procesi, romelic jer ar 

ganxilula, aris sistemaSi t drois ganmavlobaSi 

daumTavrebeli samuSao, romelsac pirobiTad v(t) – Ti 

aRvniSnavT. es procesi SegviZlia warmovadginoT, rogorc 

markovis procesi, romlis sidide warmoadgens daxarjul 

dros, sistemis yvela moTxovnidan ganTavisuflebaze, 

arsebuli drois t momentSi, im pirobiT, rom am momentis 

Semdeg sistemaSi aRar moxvdeba axali moTxovnebi. 

rigiT moxmarebuli daumTavrebeli samuSao  

sistemisaTvis warmoadgens moTxovnis lodinis dros, 

romelic miwodebulia t momentSi, amitom v(t) – s xandaxan 

uwodeben `virtualur~ lodinis dros.  

Mmocemuli sistemis SemTxvevaSi, miwodebis wesiT 

momsaxurebasa da puasonis Semavali nakadiT mocemul 

daumTavrebel samuSaos aqvs iseTive statistika, rogoric 

lodinis faqtobriv dros moTxovnilebis miwodebisas. 

Kzogadi aRniSvnis meTodis gamoyenebiT zogierTi 

zemoT moyvanili warmonaqmnebi SeiZleba miviRoT rogorc 

albaToba. Ees dafuZnebulia imaze, rom yvela miwodebul 

moTxovnas esmeba niSani (1 _ 2), maSin Semavali nakadis 

mwarmoebeli funqcia P(2,t)=E[2
N(t)

]  SeiZleba warmovadginoT, 
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rom arcerT moTxovnas, mowodebuls (0,1) monakveTSi, ar 

daesmeba niSani (anu ar iqneba aRniSnuli). analogiurad 

ganixileba sxva monakveTebic. Tu ganvixilavT am 

monakveTebidan Tavisuflad Semaval puasonis nakadsa da P 

albaTobas imisa, rom X drois manZilze sistemaSi Semosuli 

arcerTi  moTxovna ar iqneba warmodgenili:  

  P       )( 2  XP  

ganvixiloT isev raRac drois monakveTi da masze 

damoukidebeli puasonis procesi. davuSvaT rom wertilebi 

generirdeba puasonis procesiT, maSin Q=X(λ). 

Aamgvarad ZiriTad mimarTulebebs, romlebic xSirad 

gvxvdeba masobrivi momsaxurebis TeoriaSi SeiZleba mivceT 

saintereso interpretacia.  

2.2.4.   G/M/1   sistema 

G/M/1 – sistema xasiaTdeba moTxovnaTa Semosvlis 

momentebs Soris ganawilebis Tanabari kanoniT. momsaxurebis 

dro ganawilebulia maCvenebliani kanonis saSualo 1/λ 
mniSvnelobiT. 

ZiriTadi rekurentuli damokidebuleba, romelic 

aRwers G/M/1 – sistemis muSaobas, msgavsia M/G/1-sistemis 
da gamoisaxeba Semdegi saxiT: 

      nnnn CVqq 11 1 
   . . .       (2.32) 

sadac nq - moTxivnaTa raodenobaa, romelic gamosaxavs 

sistemaSi Semosul nC moTxovnebs, xolo  1

nV  moTxovnaTa 

raodenobaa, romelic moTavsebulia nC  da 1nC moTxovnaTa 

Semosvlis momentebs Soris. garkveuli TanamimdevrobiT {qn} 
qmnis markovis rgols. moTxovnaTa raodenobis ganawileba, 

romelic aRniSnavs sistemaSi kvlav Semosul moTxovnebs 

gamoisaxeba 
k

kr  )1(   formuliT, sadac  k=0, 1, 2, . . . 
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lodinis dro gamoisaxeba tolobiT:   

 
yeyW )1(1)(   , 

xolo lodinis saSualo dro: 
)1( 




W ; 

lodinis dro nawildeba maCvenebliani kanoniT da ar 

aris damokidebuli ganawilebis saxeobaze gansazRvruli 

drois monakveTSi moTxovnis misaRebad. 

 

2.2.5.  G/M/m  sistema 

 G/M/m - sistema xasiaTdeba drois Tanabari 

ganawilebiT miwodebis momentebsa da gamoyenebuli 

xelsawyoebis erT rigs Soris, TiToeuli maTgani 

ganawilebulia maCvenebliani kanoniT drois moxmarebis 

saSualo mniSvnelobiT. 1/μ moTxovna sruldeba 

miwodebisTanave, sadac ZiriTadi parametria σ. mocemul 

SemTxvevaSi σ aRiniSneba, rogorc erTaderTi mniSvneloba 

0≤σ<1 areSi. σ=A(mμ-mμσ), am formuliT ganvsazRvravT 

rigebis sigrZis ganawilebas, romlebsac Tan axlavs axali 

moTxovnebi im pirobiT, rom moTxovna unda Cadges rigSi, es 

procesi ganisazRvreba Semdegnairad: (1_σ)σn
,  n≥0. 

unda aRiniSnos rom, rogorc G/M/1 – sistemaSi, rigTa 

sigrZe aRiwereba geometriuli gadanawilebiT. aRvniSnoT kr -

Ti albaToba imisa, rom axlad Semosuli moTxovna, k 
moTxovnas uswrebs win aRweril sistemaSi.  

axlad Semosuli moTxovnis albaToba gamoiTvleba 

Semdegi formulis saSualebiT: 

 

 



97 

 

Rk-sTvis unda  gamovTvaloT j da m-1 mniSvnelobebi, 

mocemuli 0≤k≤m-2 utolobis gaTvaliswinebiT j 
gamoiTvleba Semdegi formulis saxiT: 

         









2

0

)]1/(1[

1
m

k

kR

j



;  . . .       (2.34) 

Rk-1-is anu axlad Semosuli wina moTxovnis  dayenebis 

albaToba gamoiTvleba Semdegi formulis saSualebiT: 

 

            
kpk

pikRR

R

m

ki mi

mi

ipikk

k
,1

2

1

1

1






 














; . . . (2.35) 

sadac ip  gadataniTi albaToba aratrivialuria da 

gamoiTvleba Semdegi oTxi tolobiT i  da j  indeqsebze 
damokidebulebiT: 

        ),(]1[
1

,1,0

1

0

tdAee
j

i

ijp

tjjit

ij

ij

 










 




             

j≤i+1≤m;    

                        ),(
!

)(

0

1, tdAe
n

tm
p tm

n

niin


 



                           

0≤n≤i+1-m, m≤i;  

            dymee
mi

ym
e

j

m
jmty

mi
ttj

ij 


  

 
 









   )(

)!(

)(

0

0  

aRniSnuli tolobebis gamoyenebiT, SegviZlia vipovoT 

lodinis saSualo dro:      

)1( 2






m

j
W ;  . . .         (2.36) 
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aRsaniSnavia, rom G/M/m  sistemisaTvis lodinis dro 

ganawilebulia maCvenebliani kanonis mixedviT. 

 

2.2.6.  G/G/1  sistema 

mms-Si yvela Sesrulebuli samuSao aRiwereba iseTi 

SemTxveviTi sidideebiT, rogoricaa drois monakveTebi: 

mezobel moTxovnaTa miwodebis tn xangrZlivobasa da 

momsaxurebis xn xangrZlivobas Soris. am sistemis zogadi 

aRwerisas unda aRiniSnos, rom es sidideebi ar Cndeba cal-

calke, aramed yovelTvis figurirebs erTad sxvadasxva 

saxiT; amitom ganvixilavT axal sidides, romelic 

dakavSirebulia (n-m) moTxovnebis Cn-Tan, kerZod    

1 nnn txu .  

es SemTxveviTi sidide warmoadgens sxvaobas Cn- 

moTxovnis momsaxurebis xn sididesa da tn+1  `Sesvenebis~ 

sidides Soris. es sxvaoba saSualod iqneba uaryofiTi e.i. 

Sesveneba iqneba sistemis datvirTvaze meti.  

Tu aviRebT aseTi sistemis  saSualo mniSvnelobas, 

miviRebT Semdeg tolobas:  

)1(][  ptuE n . 

es gamosaxuleba erTis mxriv ar aris damokidebuli n 

–ze, meores mxriv, mas aqvs uaryofiTi mniSvneloba   p<1; 

G/G/1 sistemis gamokvlevis dros mniSvnelovania 

lodinis wn dro, romelic sWirdeba Cn moTxovnis 

dakmayofilebas. es SemTxveviTi sidide pirdapir kavSirSia 

Semdeg tolobasTan: 

],0max[1 nnn uww    . . .       (2.37) 
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moyvanil tolobaSi mniSvnelovani adgili ukavia un 

sidides. (2.37) aris G/G/1 sistemis ZiriTadi toloba. 

Tanamimdevroba {wn} qmnis markovis process uwyveti droiTa 

da mdgomareobiT. zemoT aRwerili operatoris arCevis 

saSualebiT maqsimumi Caiwereba semdegi saxiT: 

),0max()( xx 
 stabiluri sistemisaTvis (p<1)  

arsebobs gansazRvruli SemTxveviTi sidide w~ , romelic 

aRwers stacionaluri lodinis dros. zemoT moyvanili 

tolobidan SeiZleba davinaxoT, rom w~ -s unda hqondes 

iseTive ganawilebis kanoni, rogorc (wn+ un). 

G/G/1 sistemis ZiriTadi arsi mdgomareobs imaSi, rom 

sistemaSi dayenebuli moTxovnebi ar unda idgnen rigSi. 

 

2.2.7.  M/M/1/K sistema sasruli  

damgrovebliT 

ganvixiloT pirveli mms,  romlisTvisac fiqsirebulia 

rigSi mdgom moTxovnaTaAmaqsimaluri raodenoba; kerZod, 

sistemaSi aris moTxovnaTa K maqsimaluri  raodenoba 

(aRniSnul raodenobaSi gaTvaliswinebulia agreTve  

momsaxurebaze mdgari moTxovnebic), Tu am raodenobis zemoT 

erTi moTxovnac ki Semova sistemaSi, igi Rebulobs uars da 

moTxovna tovebs sisitemas momsaxurebis gareSe.  

sistemaSi axali moTxovnis Semosvla xdeba puasonis 

kanonis Tanaxmad, magram sistema Rebulobs mxolod iseT 

moTxovnebs, romelTa raodenoba mkacrad gansazRvrulia da 

aucileblad unda iyos moTxovnaTa K raodenobaze naklebi. 

satelefono sistemaSi, rodesac momxmarebeli Rebulobs 

momsaxurebaze uars, aseTi sistema aris danakargebiT; 

sistemas romlis K=1, uwodeben dablokil gamoZaxebaTa 

amovardnis sistemas, romelsac aqvs erTi momsaxure 

mowyobiloba. 
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sainteresoa is garemoeba, rom TiTqosda aseTi rTuli 

sistema SeiZleba SevuTavsoT iseT martiv models, 

rogoricaa gaqrobis da gamravlebis procesis modeli. Aam 

TvalsazrisiT, rodesac sistema gadaivseba moTxovnebiT, 

xdeba Semavali puasonis nakadis  droiTi gadafarva: 










;,0

;,

Kk

Kk
k


        , k   k=1,2, . . . , K. 

1
1




C
k

k



  utolobidan Cans, rom es sistema 

yovelTvis ergodiulia. gadasasvlelebis intensivobis 

diagrama mocemulia 2.17 naxazze. 

nax.2.17. gadasasvlelTa intensivobis diagrama  
M/M/1/K sistemisTvis 

 




 


1

0 1

0 ,
k

i i

i

k pp



    k=1,2,…. . .        (2.38) 

pirdapir Tu gadavalT (4.28) tolobaze miviRebT: 

,
1

0

0





k

i

k pp



          k≤K, 

an 

             ,0

k

k pp 












          k≤K.    . . .       (2.39) 

amas garda adgili aqvs Semdeg damokidebulebas:  

0kp ,  k> K  . . .              (2.40) 

imisaTvis, rom vipovoT 0p , (2.38) da (2.39) SevitanoT 

(2.41)-Si 
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






 





1

1

0 1

0

1

1

k

k

i i

i

p




   . . .        (2.41) 

miviRebT:  

11

1

0
/1

))/(1)(/(
11









































 







 KK

k

k

p , 

Sesabamisad 

       .
)/(1

/1
10 




K
p




 

sabolood ki miviRebT: 

 
sistemisaTvis sadac xdeba dablokil gamoZaxebaTa 

amovardna Caiwereba Semdegi gantoleba: 























0

1,
/1

/

0,
/1

1

Kk

k

pk






           (2.43) 

2.2.8.  M/M/m  sistema (m momsaxure  

mowyobilobiTa da danakargebiT) 

kvlav ganvixiloT sitema, romelic uzrunvelyofs 

dablokil gamoZaxebaTa amovardnas da m momsaxure 

mowyobilobis arsebobas. yoveli axali moTxovna ikavebs 

misTvis gankuTvnil momsaxure mowyobilobas, xolo Tu 

, sxva SemTxvevebisTvis 
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sistemaSi moTxovnis Semosvlis momentSi yvela momsaxure 

mowyobiloba dakavebulia, maSin xdeba moTxovnaTa dakargva. 

rogorc zemoT aRvniSneT, es SemTxvevac Seesabameba 

gaqrobis da gamravlebis process: 

                





,0

,
k   

                 μk=k,          k=1,2,....m. 

aqac yovelTvis garantirebulia ergodiulobis piroba. 

2.18 Nnaxazze  gamosaxulia gadasasvlelTa intensivobis 

diagrama sasruli markovis jaWviT: 

nax.2.18 gadasasvlelTa intensivobis diagrama  
M/M/m sistemisTvis 

(2.38) formulis gamoyenebiT moviRebT:  

             ,
)1(

1

0

0


 


k

i

k
i

pp



    k≤m, 

 
 

0p -gamoisaxeba Semdegi gantolebis saSualebiT: 

.
!

1
1

0

0



 





















 

m

k

k

k
p




 

es kerZo SemTxveva did interess iwvevs satelefono 

sistemebSi. ganxilul sistemaSi mp albaToba gamosaxavs 

k<m; 
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drois im Sualeds, rodesac yvela momsaxure m 

mowyobiloba dakavebulia:  

                  





m

k

k

m

m

k

m
p

0

!/)/(

!/)/(




.     . . .              (2.45) 

(2.45) formulas uwodeben erlangis formulas 

danakargebiT. Mmas xSirad aseTi saxiTac weren:  

B(m, λ/μ). 

                       

2.2.9.  M/M/1//M*:  sistemis datvirTvis sasruli 

wyaro da erTi momsaxure mowyobiloba 

  

ganvixiloT SemTxveva, sadac sistemaSi Semosuli 

moTxovnaTa nakadi ar aris usasrulo da ar aris puasonis 

kanoniT ganawilebuli. e.i. am SemTxvevaSi gvaqvs moTxovnaTa 

sasruli wyaro. sistemis struqtura aseTia: gvaqvs 

datvirTis M wyaro; moTxovna dgas an sistemaSi (igi 

warmoadgens rigs romalsac emsaxureba erTi xelsawyo) an 

sistemis gareT  da emzadeba moTxovnis dasayeneblad. Tu 

moTxovna dgas mosamzadebel jgufSi, maSin moTxovnis 

sistemaSi dayenebis drois momenti aris SemTxveviTi sidide, 

romelic ganawilebulia maCvenebliani kanoniT da misi 

saSualo mniSvneloba tolia 1/λ wamis. CavTvaloT, rom 

yvela klienti moqmedebs erTmaneTisgan damoukideblad, es 

niSnavs rom Tu sistemaSi aris k moTxovna, maSin М-k 
moTxovna Sedis mosamzadebel moTxovnaTa raodenobaSi da 

Sesabamisad sistemaSi dayenebul moTxovnaTa saerTo 

intensivoba tolia: λ(M-k). 
naTelia, rom es sistema TviTregulirebadia. rodesac 

igi gadaitvirTeba, warmoiqmneba moTxovnaTa didi rigi, ris 

Semdegac moTxovnebis dayenebis intensivoba zedmet 

moTxovnebs anadgurebs da gantvirTavs sistemas. 
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warmodgenilo modeli Seesabameba gaqrobis da gamravlebis 

process da xasiaTdeba Semdegi parametrebiT: 

 

       
               k ,           k=1,2,3,. . . 

 

sistema aris ergodiuli. mas SeuZlia M moTxovnaTa 

dagroveba da saWiro SemTxvevaSi gamoyeneba. gadasavlelTa 

intensivobis diagrama gamosaxulia nax.2.19-ze 

nax.2.19 gadasavlelTa intensivobis diagrama  
M/M/1//M sistemisaTvis 

          

2.18 gantolebis gamoyenebiT kp - miiRebs Semdeg saxes: 
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0p -isTvis ki miviRebT:  
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2.2.10.  M/M/ /M: datvirTvis wyaros sasruli  

raodenoba da usasrulo momsaxure mowyobilobebi 

isev ganvixiloT SemTxveva, rodesac mocemuli gvaqvs 

sistemis datvirTvis sasruli wyaro, magram wina sistemidan 

gansxvavebiT mis yovel moTxovnas emsaxureba calke 

mowyobiloba. aseTi modeli warmodgenilia Semdegi 

TvalsazrisiT: 

     

    ,.3,2,1,  kkk  . .  

es sistemac ergodiulia. misi gadasavlelTa 

intensivobis diagrama mocemulia 2.20 naxazze. 

nax.2.20 gadasavlelTa intensivobis diagrama  
M/M/ //M sistemisaTvis 

Aam sistemis kp -albaToba 2.11 gantolebis  

gaTvaliswinebiT  miiRebs Semdeg saxes:  
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sadac binominaluri koeficienti ganisazRvreba Semdegnairad: 
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maSasadame, 
M

p
)/1(

1
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
 . 

sabolood: 

 
sirTules ar warmoadgens gamovTvaloT sistemaSi 

dayenebuli moTxovnaTa saSualo ricxvi: 
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viciT, rom   



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1
N , amitom sabolood moTxovnaTa 

saSualo ricxvi gamoiTvleba Semdegi formuliT: 
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2.2.11.  M/M/m/K/M:  datvirTvis wyaros sasruli  

raodenoba, m momsaxure mowyobiloba da  

sasruli damgrovebeli 

 

es sistema zemoT ganxilul sistemebTan SedarebiT 

iTvleba rTul sistemad, Sesabamisad misi parametrebic 

SeiZleba gamoyenebul iqnas ganxilul yvela SemTxvevaSi. 

M/M/m/K/M sistemaSi arsebobs М moTxovnaTa 

sasruli raodenoba, sadac yvela Semosul moTxovnaTa 

intensivoba tolia λ, amas garda sistema Seicavs m 

mosaxure mowyobilobas, maT Soris yoveli mowyobiloba 

aRiwereba μ parametriT.  

. . . (1.34) 
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sabolood sistemas aqvs moTxovnaTa lodinis sasruli 

raodenoba, ise rom moTxovnaTa lodinis saerTo raodenoba 

(rigs damatebuli momsaxurebaze mdgari moTxovna) ar unda 

aRematebodes К-s.  savaraudoa, rom M ≥ К ≥ m;  

sistemaSi Semosuli moTxovnebi, maSin rodesac masSi 

ukve aris К moTxovna, vardeba sistemidan  da dauyovnebliv 

dgeba mosamzadebel jgufSi, TiTqos isini srulad 

dakmayofilebulia. es procesi gamoisaxeba gaqrobis da 

gamravlebis procesis  parametrebiT: 
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2.21 naxazze gamosaxulia sasruli diagrama, sadac 

warmodgenilia gadasasvlelebis intensivoba. 

nax.2.21. gadasavlelTa intensivobis diagrama  
M/M/m/K/M sistemisTvis 

imisaTvis, rom gamoviyenoT 2.11 gantoleba, unda 

ganvixiloT ori piroba,  

1) 0≤k≤m-1,  miviRebT: 
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2) m≤k≤К, miviRebT:  



108 

 

 
stacionaluri albaToba, rodesac sistemaSi gvaqvs 

sufTa danakargebis SemTxveva (roca M≥К=m), gamoiTvleba 

Semdegi formuliT: 
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  k=0,1,2,..., m.     . . . (2.51) 

 

am ganawilebas uwodeben erlangis ganawilebas. 

rogorc vnaxeT masobrivi momsaxurebis sistemebis 

sakmaod saintereso struqtura, SesaZlebelia aRwerili 

iyos gamravlebisa da gaqrobis procesiT. vnaxeT kerZo 

SemTxvevebi, sadac demonstrirebuli iyo sxvadasxva 

magaliTebi: SemTxveva rodesac gvqonda ramdenime momsaxure 

mowyobiloba, datvirTvis wyaros sasruli raodenoba, 

SemTxveva sasruli rigiT da am SesaZleblobiT mocemuli 

sxvadasxva kombinaciebi. sabolood ki vRebulobdiT sistemis 

stacionalur albaTobis }{ kp  gamosaTvlel formulas.  

Cven ganvixileT mxolod iseTi sistemebi 

romelTaTvisac stacionaluri albaToba SesaZlebeli iyo 

gvepovna mocemuli gantolebis daxmarebiT.  

ganxiluli sistemebis daxmarebiT SesaZlebelia 

gadaWrili iqnas bevri iseTi ekonomikuri amocana, romelTa 

amoxsnac Cveulebrivi maTematikuri aparatiT SeuZlebelia.  
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III Tavi 

masobrivi momsaxurebis modelebi da  

WinPepsy-instrumenti   

3.1 rigebis qseli 

rigebis qseli Sedgeba calkeuli rigebisa da 

momsaxure obieqtebisgan. rigi, romelic elodeba 

momsaxurebas, SeiZleba warmovadginoT rogorc momlodine 

sistema an kvanZi. 3.1 naxazze mocemulia rigebis qseli da 

rigebis sistema (kvanZi): 

 
nax.3.1. rigebis qseli da rigebis sistema 

grafSi dgeba SekveTebi, romlebic gadaecema kvanZidan 

kvanZSi. yovel kvanZs gaaCnia garkveuli strategia, romelic 

awesrigebs Tu rogori saxiT unda dadges moTxovna rigSi 

da rogor unda moxdes misi redaqtireba. 

mocemuli moTxovnis droebiTi Seyovnebisas, momsaxure 

obieqti yovel kvanZSi aRwers momsaxurebis drois 

ganawilebas specialuri parametrebiT.   

qseli sadac GganTavsebulia sxvadasxva saxis SekveTebi, 

erTiandeba davalebaTa klasSi, romelic iyofa or klasad: 
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1. Caketili klasi: qseluri grafi Caketilia. am 

SemTxvevaSi vercerTi axali moTxovna ver Semova qselSi da 

agreTve vercerTi moTxovna ver datovebs rigs. qseli 

mudmivad inarCunebs Tanabar moTxovnaTa raodenobas; 

2. Ria klasi: qseluri grafi Seicavs sawyis da 

sasrul moTxovnaTa wyaros. am SemTxvevaSi moTxovnaTa wyaro 

SeiZleba vareguliroT. 

3.2. axali qselis ageba 

axali qselis Sesaqmnelad WinPepsy redaqtorSi 

mTavari meniudan (nax.3.2-a) avirCevT File->New da miviRebT 

3.2-b naxazze mocemul sqemas. 

 
nax.3.2-a 

nax.3.2-b. axali qselis Seqmna 

`grafikuli generaciis~ arCeviT ekranze gamova 3.3 

naxazze naCvenebi grafikuli redaqtoris fanjara. virCevT 

grafikuli meniudan miTiTebul simbolos (`kvanZi~) da 

gadmogvaqvs muSa areSi (sami kvanZi: no 1-3). masStabis 

saxazaviT SegviZlia vcvaloT sqemis zomebi. 

axali qselis Seqmna 
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   nax.3.3 

kvanZis tipi airCeva mausis marjvena RilakiT (nax.3.4-a). 

 
nax.3.4-a 

Tu avirCieT M/M/m FCFS (First-Come, First-Served) 
samive kvanZisTvis, miviRebT 3.4-b naxazs. 
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nax.3.4-b 

kvanZebis dakavSireba xdeba redaqtoris meniuSi `isris~ 

simbolos gaaqtiurebiT. Tu SevaerTebT kvanZebs da SevkravT 

ukukavSiriT, miviRebT 3.5 naxazze mocemul qsels. 

 

nax.3.5 

sabazo dialoguri fanjris Seqmnisas momxmarebelma 

zustad unda icodes Tu rogor unda gamoiyurebodes misi 

saanalizo fanjara. amave dros igi Sedgenili unda iyos 

martivad da gasagebad. am fanjaraSive SegviZlia 

davaregistriroT damatebiTi cvlilebebic. 

qselis sabaziso dialoguri fanjris saxiT 

warmodgenis mniSvnelovani mxare is aris, rom TvalnaTliv 

davinaxavT gadasavlelis xasiaTs da ganvsazRvravT, Tu ra 

albaTobiT iqneba SesaZlebeli Semosuli moTxovnebis 

Sesruleba.  

mocemuli dialoguri fanjara gamoCndeba maSin, 

rodesac momxmarebeli sabazo dialogur fanjarasa da qsels 
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Soris, grafikuli redaqtoris daxmarebiT Seqmnis erTobliv 

grafs. es grafi metad mniSvnelovania Semdgomi Sedegebis 

misaRebad (nax.3.2-b). 

qselis grafikul redaqtors aqvs komfortuli 

interfeisi, rac xelsayrels xdis monacemTa interaqtiul 

grafikul Setanas. es procesi arsebiTad mniSvnelovania im 

momxmarebelTaTvis, romelTac aqvT mxolod miaxloebiTi 

warmodgena gasaanalizebel qselze da survili aqvT masze 

garkveuli manipulireba moaxdinon TvalsaCinod. 

yvelaze didi dadebiTi mxare, romelic gaaCnia aseT 

qselur grafs aris is, rom igi Sedgeba dublirebuli 

sabazo qselisgan, sadac SesaZlebelia qveqselebidan moxdes 

monacemTa gadacema, waSla an Secvla. amis Sedegad cikluri 

qseluri struqtura didi danaxarjebis gareSe saSualebas 

mogvcems kvanZebis gadasasvlelebi, erTi klasidan meoreSi 

ukavSirdebodes erTmaneTs da monawileoba miiRos qselis 

saerTo muSaobaSi. 

dialogur fanjaraSi sasurvel moTxovnaTa SerCevisas 

arsebuli meTodis gamoyenebiT Seiqmneba ramdenime patara 

suraTi, romelTa daxmarebiTac rigebis qselSi moxdeba 

calkeuli elementebis simbolizireba. mogvianebiT vnaxavT, 

rom es detali Zalzed mniSvnelovania, raTa momxmarebelma 

gaigos Tu qselis ra nawilze iyo mosuli moTxovna. 

3.3. sabazo dialoguri fanjris 

warmodgena qselSi 

sabazo dialoguri fanjara qselSi warmoadgens 

ramdenime gverdian dialogur fanjaras. momxmarebels 

SeuZlia gadafurclos nebismier dros win da ukan, agreTve 

calkeul gverdebs Soris. dialogur fanjridan am procesis 

ganxorcieleba SesaZlebelia `Wizards~ RilakiT.  

saxeli da tipi. fanjris pirvel gverdze SeiZleba 

warmovadginoT qselis saxeli da komentarebi. komentari 

SeiZleba Seicavdes ramdenime striqons.  
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Ctrl+Enter~ RilakebiT SesaZlebelia damatebiTi 

monacemebis Setana, ris Sedegadac momxmarebeli miiRebs axal 

komentarebs. Tu miviRebT grZel komentars, romelic ekranze 

ar eteva, maSin igi moZravi xazis daxmarebiT marjvena mxares 

ganTavsdeba. Semdeg am mxaresve unda SevarCioT qselis tipi. 

3.6 naxazze warmodgenilia sabazo dialogur qselis saxeli 

da tipi. 

 
nax.3.6. sabazo dialoguri qselis saxeli da tipi  

amisaTvis arsebobs sami alternatiuli Rilaki: 

1. Ria qseli: aseTi tipis qselSi moTxovna dgeba 

moTxovnaTa wyarodan da nebismier gansazRvrul wertilSi 

SeuZlia datovos qseli; 

2. Caketili qseli: am SemTxvevaSi qseluri grafi 

Caketilia. SeuZlebelia romelime moTxovna dadges qselSi 

an moTxovnam datovos qseli. aq xdeba myari cirkulacia, 

qselSi registrirdeba stabilur moTxovnaTa ricxvi; 

3. Sereuli qseli: igi Seicavs rogorc Ria, aseve 

Caketil qsels. 
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mas Semdeg, rac momxmarebeli  daafiqsirebs misTvis 

sasurvel mdgomareobas, dialoguri fanjridan irCevs 

Rilaks: Next. Semdeg gadamrTveli daiwyebs muSaobas, 

romelic afiqsirebs kvanZebis raodenobas da gansazRvravs 

moTxovnaTa klass.  

3.4 kvanZebis raodenoba da moTxovnaTa 

klasebi 

dialoguri fanjris am gverdze SeiZleba qselSi 

ganisazRvros kvanZebis raodenoba da Sesabamisi monacemTa 

klasebi (nax.3.7). TiToeuli qselisaTvis miTiTebuli unda 

iyos kvanZebis raodenoba da monacemTa klasi.  

momxmarebels aseve SeuZlia ukan gadafurclos 

fanjara da nebismier dros Seitanos romelime kvanZi an 

moTxovnaTa klasi qselis Sesavsebad, aseve SesaZlebelia 

kvanZis da moTxovnaTa klasis amogdeba. 

nax.3.7. kvanZebis da klasebis raodenoba 
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3.6. klasTa parametrebi 

monacemTa klasi, dinamikuri modelirebisas muSavdeba 

gamomTvlel manqanaSi, raTa SesaZlebeli gaxdes 

momxmareblisTvis mniSvnelovani, modelirebis procesSi 

warmoqmnili gansxvavebebis zusti aRwera. momxmareblis 

yoveli moqmedeba, romelic mniSvnelovnad dakavSirebulia 

gamoTvliTi sistemis simZlavresTan, unda Seesabamebodes  

monacemTa klasis models. 

yovel daxurul klasSi moTxovnaTa raodenoba unda 

iyos mkacrad gansazRvruli, sadac moxdeba am moTxovnaTa 

cirkulacia. agreTve mniSvnelovania is faqti, rom yovel 

daxurul klass, rogorc minimum unda axldes erTi 

moTxovna mainc, raTa saWiroebis SemTxvevaSi swrafad moxdes 

Canacvleba da ar dairRves sistemis muSaobis principi.  

aseTi saxis moTxovnas uwodeben Semavsebels (aRniSvna k).  

Ria klasSi ki piriqiT, saWiroa mivuTiToT moTxovnis 

Semosvlis intensivoba, romelic λ asoTi aRiniSneba. igi 

SeiZleba warmovadginoT rogorc moTxovnaTa saSualo 

raodenoba drois erTeulSi. 3.8 naxazze mocemulia klasTa 

parameterebis asaxvis fanjara. 

nax.3.8.  klasTa parametrebi 
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yovelive amis Semdeg momxmarebeli, rogorc ki 

specifikaciis mixedviT pirvel gverdze SearCevs Tu rogori 

saxisaa misTvis sasurveli klasi (Ria an Caketili), SeuZlia  

miuTiTos moTxovnaTa raodenoba da maTi Semosvlis 

intensivoba. xolo Tu momxmarebeli gamoiyenebs Sereul 

klass, maSin mas saSualeba eqneba gamoiyenos SedarebiT 

iolad modificirebuli gverdi. 

momxmarebels Tagvis daxmarebiT martivad SeuZlia 

SearCios misTvis sasurveli klasi. SerCeul moTxovnaTa 

klasis mixedviT ki ganisazRvreba Sesabamisi momsaxure 

obieqtis muSaobis principi. 

3.7. kvanZis aRwera da tipebi 

modeli ufro metad TvalsaCino, rom gaxdes, amisaTvis 

momxmarebels SeuZlia yoveli kvanZi anbanur-cifruli 

simboloebiT aRweros. aseTi aRweris Sedegad miRebuli 

kvanZis dasaxeleba ar unda iyos ormoc simboloze meti.  

dasawyisSi WinPepsy–s gverdebze yoveli kvanZisTvis 

iqneba warmodgenili saxeli `Node names. <nr>~. 

momxmarebels SeuZlia Sexedulebisamebr Secvalos 

nebismieri saxeli. aseve gansxvavebul kvanZebs SeiZleba 

daerqvas identuri saxelebi. 3.9 Nnaxazze warmodgenilia 

dialoguri fanjara kvanZebis dasaxelebiT. 

kvanZi Sedgeba moTxovnaTa rigisgan da erTi an 

ramdenime momsaxure obieqtisgan. Tu Semosul moTxovnas 

yvela momsaxure obieqti dakavebuli daxvdeba, maSin is dgeba 

rigSi da elodeba momsaxurebas. yoveli kvanZisaTvis qselma 

unda daafiqsiros kvanZis tipi, rac mdgomareobs kvanZis 

tipis unificirebul aRweraSi, romlis Sesrulebac 

SesaZlebelia `Noden type“ sistemis daxmarebiT (nax.3.10).  
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nax.3.9. dialogur fanjaraSi kvanZebis dasaxeleba 

nax.3.10. dialogur fanjaraSi gamosaxuli kvnZis tipi  
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gamoiyeneba agreTve d. kendalis notacia (rigebis 

disciplina) _ А/В/m,  sadac A aRniSnavs informaciis 

ganawilebis saSualo dros, B aris arsebul rigSi 

momsaxurebis ganawileba, xolo m – identuri momsaxure 

obieqtebis raodenoba [56]. ganawilebis sistemebi Semdegi 

saxisaa: eqsponencialuri (M-simbolo, markovuli procesi)  

da saerTo ganawilebis sistema (G-simbolo), romelebic am 

SemTxvevaSi aqtiurad gamioyeneba. 

arsebobs ramdenime saxis rigebis disciplina: 

 FCFC (First-Come-First-Served) pirveli movida pirveli 

momsaxurda (igivea FIFO - rigi); 

 LCFS (Last-Come-First-Served) bolo movida pirveli 

momsaxurda (igivea LIFO - steki);; 

 PS (Processor-Sharing) procesoruli drois ganawileba; 

 IS (Infinite-Server) usasrulo serveri.  

 muSaobis procesSi erTmaneTs ukavSirdeba SerCeuli da 

gamotovebuli disciplinebi da personalTn momsaxure 

asimetriuli sistemebi. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax.3.11. dialogur fanjaraSi gamosaxuli kvnZis tipebi 
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SemoTavazebuli kvanZebis saxeobebi momxmarebels 

ekranze uCvenebs ori saxis CamonaTvals. marcxena 

CamonaTvalSi aris qselSi arsebuli tipebi da im kvanZebis 

saxeobebi,  romlebic am tipebs  Seesabameba, xolo marjvena 

mxares moTavsebulia CamonaTvali, Tu romeli saxeobaa 

gamoyenebuli. 

pirvel rigSi momxmarebelma mausis kursoris 

daxmarebiT unda moniSnos erTi an ramdenime kvanZi, 

romelsac is gansazRvrul saxeobasTan miaerTebs. 

erTdroulad SesaZlebelia SevarCioT ramdenime kvanZi, 

Semdeg erTmaneTis miyolebiT kvanZebi moaxdens markirebas, an 

kidev mausis kursoriT movniSnavT jer pirvel sasurvel 

kvanZs,  mere davaWerT erTroulad bolo kvanZis tips da 

Shift Rilaks, ris Sedegadac moxdeba yvela kvanZis 

erTdrouli moniSvna.  

Ctrl klaviSis daxmarebiT SeiZleba movaxdinoT kvanZebis 

mowesrigeba. ramdenime kvanZis tipis SerCevis Semdeg, 

marjvena velSi mausis kursoriT movniSnavT  tipis Sesabamis 

kvanZis dasaxelebas, ris Sedegadac CamonaTvalSi gamonaTdeba 

SerCeuli kvanZis saxeoba da patara mwvane maryuJi. 

kvanZi, romelic saxeobis SerCevis gareSe darCeba, 

gverdiT gauCndeba patara wiTeli kiTxvis niSani, rac 

dagvexmareba, rom Semdeg furcelze gadasvlisas aRniSnul 

kvanZs SevurCioT Sesabamisi tipi.  

3.8. variaciis koeficienti 

SemTxveviTi sididis mdebareobis maxasiaTeblebis – 

saSualo tipiuri mniSvnelobaTa garda, agreTve gamoiyeneba 

kidev sxva maxasiaTeblebi, romelTagan yoveli maTgani 

aRwers  ganawilebis ama Tu im Tvisebas. aseT maxasiaTeblad 

yvelaze xSirad gamoiyeneba variaciis koeficienti.  

ramdenime tipiurad gansxvavebuli kvanZis SemTxvevaSi, 

momxmarebels SeuZlia TiToeuli SemTxveviTad SerCeuli 

kvanZisTvis miuTiTos variaciis koeficienti.  
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variaciis koeficienti gamoisaxeba saSualo 

kvadratuli gadaxriT, radgan SemTxveviTi sididis 

dispersias SemTxveviTi sididis kvadratis ganzomileba aqvs. 

gabnevis TvalsaCino daxasiaTebisaTvis ufro 

moxerxebulia visargebloT sididiT, romlis ganzomileba 

emTxveva SemTxveviTi sididis ganzomilebas. amisaTvis 

dispersiidan iReben kvadratul fesvs. miRebul sidides 

uwodeben SemTxveviTi X sididis saSualo kvadratul 

gadaxras: 

  =  
  

   ვარ
    

sadac σx aRniSnavs saSualo kvadratuli gadaxras,  

xolo X
var. 

_ aris SemTxveviTi sidide. momxmarebels 

SeuZlia yoveli klasisaTvis miuTiTos gansxvavebuli 

mniSvnelobis variaciis koeficienti. 

 

nax.3.12. variaciis koeficientis SerCeva 
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3.9. momsaxurebis dro da mosaxurebis  

normebi 

rogorc ukve aRvniSneT, kvanZSi Semosuli TiToeuli 

moTxovna xasiaTdeba momsaxureobis droiT _ tm. igi yvela 

calkeuli moTxovnis SemTxvevaSi ganisazRvreba moTxovnis 

xasiaTis mixedviT, romelic d asoTo aRiniSneba. igi 

miuTiTebs momsaxure personalis saWiro ricxvs da samuSaos 

Sesrulebis v _ siCqares, saidanac:  
 

  aqedan  SeiZleba saSualo momsaxureobis drois gaTvla:      

 

momxmarebelma pirvel rigSi unda gansazRvros Tu 

momsaxurebis procesis rogori formis SerCeva unda. 

momxmarebels Sesabamisad SeuZlia SearCios fanjris zeda 

nawilSi ganacxadi `momsaxurebis droiT~ an `momsaxurebis 

normebiT~ (nax.3.13). 

nax.3.13. ganacxadis SerCeva 
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mocemul cxrilSi SemoTavazebulia TiToeuli  

kvanZisaTvis Sesabamisad identuri momsaxure obieqti da 

momsaxurebis dro. momsaxurebis normebi ki mocemulia yvela 

klasisaTvis. serverebis raodenoba SesaZlebelia SevitanoT 

asimetriuli da `multiple server~ (mravaljeradi momsaxureba: 

kvanZs SeuZlia ramdenimejer gamoiyenos erTi da igive 

obieqti) Sesabamisi kvanZebisaTvis fanjris qveda nawilis 

daxmarebiT.  

momsaxurebis dros da momsaxurebis normebis an 

serverebis raodenobis, Sesabamisi veli momxmarebels 

SeuZlia fanjaraSi arsebuli cxrilidan mausis daxmarebiT 

gamoitanos ekranze. Sesabamisad miviRebT fanjaras, sadac 

kvanZebis mosaxurebis procesi-

sTvis moTavsebuli iqneba 

simetriuli da asimetriuli 

dialoguri fanjrebi (nax.3.14-

a,b). orive SemTxvevaSi 

fanjris velis zeda nawilSi 

moTavsebulia kvanZis saxeli 

da klasi, rac SesaZlebels 

xdis Semdgom procesze 

momsaxurebis drois da 

momsaxurebis normebis 
procesis sworad SerCevas. 

 

 

 

 

 

 

 

 

 

nax.3.14-a. simetriuli  

        kvanZebi 
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simetriuli kvanZis SemTxvevaSi momsaxurebis procesi 

SeiZleba CamovayaliboT sami saxis specifikaciis mixedviT: 

 normaluri momsaxurebis droiT da momsaxurebis 

normebiT; 

 momsaxureba intervalebiT; 

 momsaxureba datvirTviT.  

momxmarebelma pirvel rigSi unda gansazRvros Tu 

momsaxurebis romel saxes SearCevs. isini ganTavsebulia 

dialoguri fanjris Sesabamis velebSi: „Normal", „Interval" 
an „Last flows".  

am procesis realizeba  SesaZlebelia mxolod im 

SemTxvevaSi, Tu gvecodineba Semosuli moTxovnebis 

momsaxurebis specifikacia. 

Tu „Last flows" (datvirTviT) vels SevarCevT, maSin 

miTiTebul unda iyos TiToeuli Semosuli moTxovnisTvis 

momsaxurebis dro. SesaZlebelia momsaxurebis procesis 

Secvla momdevno kvanZebisa da klasebisaTvis.  

rogorc aRvniSneT, gvaqvs asimetriuli kvanZis 

amorCevis saSualebac (nax.3.14-b). gamonaTdeba dialoguri 

fanjara, sadac momxmarebels 

SeuZlia serveriebisTvis 

SearCios momsaxurebis dro 

da momsaxurebis normebi. 

 

 

 

 

 

 

 

 

nax.3.14-b. asimetriuli kvanZis 
momsaxurebis dro 
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3.10. gadasasvlelis xasiaTi da albaTobis  

gansazRvra 

am gverdze momxmarebels SeuZlia SearCios qselSi 

moTxovnaTa moxvedris xasiaTi,  mocemuli asortimentis ori 

procesis daxmarebiT: 

 gadasasvlelis albaTobis dadgena, romlis mixedviTac 

gansazRvruli kvanZidan Semosuli moTxovna romelime 

gansazRvrul klasSi SeiZleba SevcvaloT sxva kvanZiT an 

klasiT; 

 moTxovnaTa Semosvlis sixSire.  igi saSualebas iZleva 

ganisazRvros moTxovnaTa Semosvlis saSualo sixSire 

romelime konkretul kvanZSi. 

 

nax.3.15. gadasasvlelis xasiaTis SerCeva 

momxmarebelma rom moaxdinos kvanZebis gadasavlelTa 

specifikacia, unda  gaiTvaliswinos  Semdegi faqtorebi: 

1. gamavali kvanZis gansazRvra.  gamavalia is kvanZi, 

sadac moTxovna tovebs rigs, raTa gadavides sxva kvanZSi. 

igi arsebobs fanjaraSi CamonaTval kvanZebis nusxaSi; 

simetriuli kvanZi 



126 

 

2. Semavali kvanZi. Semavalia is miznobrivi kvanZi, 

sadac moTxovna icvlis saxes. miznobrivi kvanZis klasis 

analogi SeiZleba movZebnoT gamaval kvanZSic; 

3. gadasasvlelis albaTobis maCvenebeli.  Tu kursori 

dayenebulia monacemTa Setanis velSi orive CamonaTvals 

Soris, SesaZlebelia gadsasvlelis albaToba gamovTvaloT 

orive saxis CamonaTval kvanZebisTvis. 

sabolood SesaZlebelia kvanZis gadasasvlelis Secvla 

manam, sanam gadasavlelze albaToba ar iqneba 0-is tolo an 

kidev ar miviRebT CvenTvis misaReb dasaSveb albaTobas.   

fanjris marjvena mxares warmodgenilia arsebuli 

kvanZebis gadasasvlelebis vizualuri mxare (nax.3.16).  

 

nax.3.16 gadasavlelis albaToba 

TiToeuli kvanZi warmodgenilia patara marTkuTxedis 

saxiT. kvanZebis gadasasvlelebi simbolizirdeba feradi 

xazebiT.    
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3.11. moTxovnaTa nakadis Semosvlis sixSire 

Tu momxmarebels surs gadasasvlelis xasiaTis 

gansazRvra moTxovnaTa nakadis Sesasvlelis sixSiris 

specifikaciis mixedviT, maSin unda gadavides Semdeg gverdze, 

sadac asaxulia kvanZebsa da klasebs Soris kavSiri 

(nax.3.17). 

nax.3.17. nakadis Semosvlis analizi 

 

moTxovnaTa nakadis Sesasvlelze arsebuli moTxovnaTa 

sixSiresa λ
i
da qselis sixSires  λ Soris 

aris Semdegnairi damokidebuleba:  
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3.12. monacemTa analizi da grafikuli  

asaxva 

mas Semdeg, rac gadasasvlelis xasiaTis specifikaciis 

gansazRvra moxda, SeiZleba vTqvaT, rom qselis aRricxva 

damTavrebulia. Semowmebis Sedegad miRebulia, rom yvela 

dayenebuli moTxovna struqturulad srulyofilad aris 

Camoyalibebuli. momxmarebels SeuZlia moiTxovos detaluri 

informacia da vizualuri Sedegi (nax.3.18). 

nax.3.18. moTxovnis safuZvelze agebuli qselis asaxvis 

saboloo vizualuri Sedegi   

Tu yvela monacemi sworad gvaqs Setanili, maSin 

dialogur fanjaraSi SeiZleba davasruloT muSaoba RilakiT 

`Start analysis~, Semdeg etapze iwyeba monacemTa avtomaturi 

gadamowmeba, yvela im meTodis daxmarebiT, rac gamoyenebuli 

iyo qselSi.  
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IV Tavi:  

petris qselebi – modelirebis da  

analizis instrumentuli saSualeba 

4.1 petris qselebis Teoriuli safuZvlebi 

petris qselebis istoria 1962 wlidan iwyeba, roca 

germanelma inJinerma, karl adam petrim darmStadtis 

teqnikur universitetSi daicva sadoqtoro disertacia 

Temaze `komunikacia avtomatebiT”.  

am naSromSi man pirvelad Camoayaliba da daasabuTa 

idea ori gansxvavebuli tipis kvanZebiTa da maTi 

damakavSirebeli mimarTuli rkalebiT agebuli muSa qselebis 

Sesaxeb, romlebic erTi modelis farglebSi gaaerTianebda 

konkretul da abstraqtul procesebs da monacemebs.  

saxeli `petris qselebi” Teoriam mogvianebiT miiRo 

avtoris pativsacemad. Tavisi Teoriis safuZvlad petrim 

sasruli avtomatebis, simravleTa da grafebis Teoriis 

elementebi gamoiyena [19,45,46].  

erTis mxriv petris qselebi farTovdeba Teoriulad, sul 

ufro mZlavri xdeba misi maTematikuri aparati, iqmneba 

axali Teoriuli 

klasebi, meores mxriv 

matulobs petris 

qselebis praqtikuli 

gamoyenebis areali da 

sixSire informatikis 

aqtualur mimarTule-

bebTan kavSirSi,  rac 

sqematurad naCvenebia 

4.0 naxazze. 
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4.1.1. simravleebi 

simravleTa Teoria petris qselebis erTerTi bazisia. 

ganvixiloT mokled misi ZiriTadi elementebi. 

sawyisi aRniSvnebi:  

N = {0,1,...} – naturalur ricxvTa simravle; 

Z = {…,-1,0,1,…} – mTel ricxvTa simravle 

Boolean = {true,false} – bulis simravle 

simravle araerTgvarovan obieqtTa erTob-liobaa. maT 

simravlis elementebi ewodeba.  

a aris A-simravlis elementi, Tuki flobs  Tvisebas 

aA (`miekuTvneba~). simravle moicema elementTa 

CamonaTvaliT A = {a1, a2 ,..., an}, an garkveul p(a) funqciaze 

dayrdnobiT, romlis Sedegi simravlis elementisTvis 

aucilebel pirobas akmayofilebs:   

A = {a | p(a)}. 
carieli simravle Ø-simboloTi aRiniSneba da 

gamoisaxeba pirobiT Ø = {a | a≠a}, radgan piroba a≠a 

yovelTvis mcdaria. 

simravleTa TeoriaSi ganisazRvreba Semdegi ZiriTadi 

damokidebulebebi da operaciebi: qvesimravle (AB), 

WeSmariti qvesimravle (AB), gaerTianeba (AB), TanakveTa 

(AB), sxvaoba (A\B), sadac: 

AB, roca nebismieri aA–Tvis marTebulia aB 

AB, roca AB da A≠B 

AB = { a | aA an aB } 

AB = { a | aA da aB } 

A\B = { a | aA da aB } 

carieli simravle nebismieri aracarieli simravlis 

qvesimravlea: ØA. A da B simravleebs gancalkevebuli 

simravleebi ewodeba, Tu AB=Ø. 

simravle SeiZleba Seicavdes elemetebs, romlebic 

Tavadaa simravleebi. A-simravlis yvela SesaZlo 

qvesimravleTa simravle (A)-Ti aRiniSneba, naturalur 
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ricxvTa simravle 0-is CaTvliT – N-iT, logikur 

mniSvnelobaTa (WeSmariti an mcdari) simravle – B-Ti. 

A1,A2,...,An (nN) sasrul simravleTa produqti 

(dekartuli namravli) ganisazRvreba Semdegnairad: 

A1xA2x...xAn = { (a1,a2,...,an) | aiAi i=1,...,N } 

produqtis calkeul elements n-korteJi ewodeba. 

yoveli i-sTvis, sadac 1<i<n, ai-s korteJis i-uri 

elementi ewodeba (a1,...,an). wyvili ganisazRvreba, 

rogorc n-korteJis kerZo SemTxveva, 2-korteJi (binaruli). 

Tu yvela simravle A1=A2=...An=A msgavsia, produqti 

Caiwereba A
n saxiT. garda amisa, A

1 
= A da A

0
 = Ø. 

4.1.2. multisimravleebi (kompleqtebi) 

multisimravle ganisazRvreba simravleSi erTi da imave 

elementis ramdenjerme asaxvisTvis. magaliTad, petris 

qselis poziciaSi ramdenime msgavsi markeris aRsawerad. 

multisimravle B aracariel sabazo A simravleze, 

ewodeba funqcias: 

B:A→N 

sadac sabazo A simravlis yoveli aA elementis 

sixSire B multisimravleSi aisaxeba formatiT B(a). sixSiris 

sidide SeiZleba 0-is tolic iyos. simravle multisimravlis 

specialuri SemTxvevaa, sadac sixSiris mniSvnelobebia 0 an 

1. 

multisimravlis asaxvis gafarToebuli forma Semdegia: 

[a,a,...,a,b,...,b,...], sadac yoveli elementi Tavisi sixSiris 

mixedviT meordeba. 

multisimravleTa simravle sabazo A simravleze 

aRiniSneba μA-Ti. multisimravle aseve SeiZleba gamoisaxos 

simboluri jamis saxiT, romelic aA elementis sixSires 

da saxels Seicavs:  





Aa

a)a(BB  
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Tu B(a) = 1, maSin jamur asaxvaSi igi saerTod 

gamoitoveba da iwereba mxolod a. 

BμA multisimravleSi, aA elements ewodeba B-s 

wevri da Caiwereba aB, Tu B(a)>0 da piriqiT, Tu B(a)<0, 

maSin aB. carieli multisimravle  wevrebs ar Seicavs: 

aA, (a)=0.  

multisimravlis simZlavre (kardinaluroba) misi yvela 

elementis sixSireTa jams ewodeba da ganisazReba 

Semdegnairad: 





Aa

)a(B|B|  

Tu |B| sasrulia, maSin multisimravle B-s sasruli 

multisimravle ewodeba. 

ori multisimravle, B1 da B2 tolia (B1=B2), Tu 

aA, B1(a)= B2(a). 
B1 naklebia an tolia B2-is (anu B2 moicavs B1-s) Tu 

aA, B1(a) B2(a). 
multisimravleebze ZiriTad operaciebs warmoadgens: 

Sekreba: B=B1+B2, Tu aA, B(a) = B1(a) + B2(a) 

gamokleba: B=B1-B2, Tu aA, ((B1(a)  B2(a))  ((B(a) = 

B1(a) - B2(a)) 

skalaruli namravli: multisimravlis B1μA da 

naturaluri ricxvis nN skalaruli namravli ganisazRvreba 

rogorc B=n*B1, Tu aA, B(a) = n*B1(a), sadac “*” 

ariTmetikuli gamravlebis operaciaa. 

4.1.3. petris qselebis ZiriTadi cnebebi 

petris qselebis standartizaciis procedura egreT 

wodebuli proeqt 15909-is farglebSi 1995 wlidan 

mimdinareobs. masSi monawileoben iseTi avtoritetuli 

organizaciebi, rogoricaa standartizaciis saerTaSoriso 

organizacia (ISO), informaciul teqnologiaTa erTiani 

teqnikuri komiteti (JTC1) da saerTaSoriso 
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eleqtroteqnikuri komisia (IEC). proeqti 3 nawilisgan 

Sedgeba:  

1. maRali donis petris qselebi – koncefcia, 

gansazRvrebebi da grafikuli notacia;  

2. petris qselebis gacvliTi formati, savaraudod 

XML-is bazaze;  

3. moduluri petris qselebis konstruqciebi – 

ierarqiuloba, droiTi da stoqasturi gafarToebebi. 

qvemoT mocemulia petris qselis ZiriTadi cnebebi: 

sabazo simravle (Basis Set). obieqtebis sawyisi 

simravle multi-simravleebis (kompleqtebis) Sesaqmnelad. 

multisimravle anu kompleqti (Multiset). obieqtebis 

nakrebi, sadac erTgvarovani obieqtebis ganmeoreba 

SesaZlebelia. 

multisimravlis kardinaluroba (Cardinality). 

multisimravlis elementebis saerTo raodenoba.  

pozicia (Place). qselis tipizebuli kvanZi. qselis 

grafSi wriT an elifsiT gamoisaxeba. 

gadasasvleli (Transition). qselis aratipizebuli 

kvanZi, romelic marTkuTxediT gamoisaxeba. 

rkali (Arc). qselis mimarTuli kavSiris xazi, 

romelic aerTebs poziciebs gadasasvlelebTan (Semavali 

rkali) an piriqiT (gamomavali rkali). 

Semavali pozicia (Input Place). gadasasvlelTan 

Semavali rkaliT SeerTebuli pozicia. 

gamomavali pozicia (Output Place). gadasasvlelTan 

gamomavali rkaliT SeerTebuli pozicia. 

poziciis tipi (Place Type). poziciasTan dakavSirebul 

monacemTa elementebis aracarieli simravle. 

markeri (Marker). poziciasTan dakavSirebuli  da 

Sesabamisi poziciis tipis monacemTa elementi. 

markireba (Marking). yvela poziciaSi Semaval markerTa 

erToblioba. 

sawyisi markireba (Initial Marking). yvela poziciaSi 

Semaval markerTa erToblioba qselis muSaobis dasawyisSi. 
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poziciis markireba (Place Marking). poziciaSi 

moTavsebul markerTa multisimravle. 

gadasasvlelis gaxsnis piroba (Transition Condition). 

gadasasvlelTan dakavSirebuli logikuri (bulis) tipis 

gamosaxuleba. 

gadasasvlelis gaxsnis reJimi (Transition Mode). 

cvladebis dakavSireba gadasasvlelis gaxsnis pirobasTan 

ise, rom gadasasvlelis gaxsna nebadarTuli gaxdes.  

gadasasvlelis gaxsnis nebarTva (Enabling a Transition). 

gadasasvleli rom gaixsnas, yoveli poziciis markireba unda 

akmayofilebdes misi da gadasasvlelis damakavSirebeli 

rkalis moTxovnas (rkalis gamosaxuleba), rac niSnavs, rom 

markireba Seicavs markerebis minimum imave multisimravles, 

rac rkalis gamosaxulebazea asaxuli. 

gadasasvlelis gaxsna (Transition Occurence). Tu 

gadasasvlelis gaxsna nebadarTulia, igi SeiZleba gaixsnas. 

am dros gadasasvlelis yoveli Semavali poziciidan 

moixsneba markerebi gaxsnis reJimis Sesabamisad, xolo yovel 

gamomaval poziciaSi gamomavali rkalebis gamosaxulebaTa 

Sesabamisi markerebi Caemateba. pozicia SeiZleba 

erTdroulad Semavali da gamomavali iyos (maryuJi) 

gadasasvlelis cvladebi (Transition Variables). 

rkalebisa da gadasasvlelis gaxsnis pirobaSi Semavali 

cvladebis erToblioba. 

rkalis anotacia (Arc Annotation). gamosaxuleba, 

romelic SeiZleba Seicavdes konstantebs, cvladebs da 

operatorebs rkalTan dakavSirebuli poziciis tipis 

multisimravlidan. 

miRwevadi markireba (Reachable Marking). markireba, 

romelic miiReba qselis sawyisi markirebidan gadasasvlelTa 

garkveuli mimdevrobis gaxsnis Semdeg. 

miRwevad markirebaTa simravle (Reachability Set). 

sawyisi markirebidan miRwevad markirebaTa simravle TviT 

sawyisi markirebis CaTvliT. 
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algebra (Algebra). maTematikuri struqtura, romelic 

Seicavs simravleTa simravles da funqciaTa simravles, 

romlebic am simravleTa domenebsa da qvedomenebze moqmedebs. 

tipi (Sort). monacemTa struqturis saxeli. 

argumentis tipi (Argument Sort). operatoris 

argumentis tipi. 

gamomavali tipi (Output Sort). operatoris Sedegis 

tipi. 

aruloba (Arity) – funqciaSi Semavali (argumentebi) 

da gamomavali (Sedegi) tipebi (mag., binaruli, n-aruli). 

tipizacia (Typisation). tipis dakavSireba poziciasTan. 

aRwerebi (Declarations). gamosaxulebaTa simravle 

simravleTa, konstantebis, parametrebis mniSvnelobaTa, 

tipizebuli cvladebisa da funqciebis gansazRvrisaTvis, 

romlebic maRali donis petris qselebze aisaxeba. 

operatori (Operator). simboloTa erToblioba 

(abreviatura) funqciis saxelis warmosadgenad. 

parametri (Parameter). mudmiva (konstanta), romelic 

simravleSi gansazRvrul sidideTa ares Seicavs. 

miniWeba (Assignment). mniSvnelobis miniWeba cvladebis 

simravlis konkretuli cvladisaTvis. 

signatura (Signature). algebruli struqtura, 

romelic tipebis da operatorebis simravleebisgan Sedgeba. 

bulis signatura (Bool Signature). signatura, romelic 

bulis (logikur) tips Seicavs. 

mravaltipuri signatura (Many-sorted Signature). 

signatura, sadac tipebis simravlis kardinaluroba erTze 

metia. 

cvladiani signatura (Signature with Variables). 

signatura, romelic Seicavs cvladebis saxelebs, tipebs da 

operatorebs. 

Termi (Term). signaturis safuZvelze Sedgenili 

gamosaxuleba, romelic Seicavs mudmivebs, cvladebs da 

operatorebs. 
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daxuruli Termi (Closed Term). Termi, romelic 

Seicavs konstantebs da operatorebs, magram ara cvladebs. 

Termis mniSvneloba (Term Evaluation). Sedegi, romelic 

miiReba Termis cvladebiTvis mniSvnelobebis miniWebisa da 

funqciaTa Sedegebis gamoTvlis Semdeg. 

maRali donis petris qseli (High Level Petri Net). 

algebruli struqtura, romelic Seicavs: poziciebis 

simravles; gadasasvlelTa simravles; tipebis simravles; 

tipebis poziciebze da tipebis gadasasvlelebze 

damakavSirebel funqciebs; prefunqciebs Semavali da 

postfunqciebs gamomavali markirebebis gansazRvrisaTvis; 

sawyis markirebas. 

petris qselis grafi (Petri Net Graph). mimarTuli 

grafi ori tipis kvanZebiTa (poziciebi da gadasasvlelebi) 

da maTi damakavSirebeli rkalebiT. daSvebulia kavSirebi 

„pozicia-gadasasvleli“ an „gadasasvleli-pozicia“, magram 

ara „pozicia-pozicia“ an „gadasasvleli-gadasasvleli“. 

maRali donis petris qselis grafi (High Level Petri 

Net Graph). qselis grafisa da anotaciebis (warwerebis) 

erToblioba, romelic Seicavs poziciaTa tipebs, rkalebis 

anotaciebs, gadasasvlelTa gaxsnis pirobebs, Sesabamis 

gansazRvrebebs gansazRvrebaTa siaSi da qselis sawyis 

markirebas. 

miRwevadobis grafi (Reachibility Graph). mimarTuli 

grafi, sadac kvanZebi miRwevad markirebebs Seesabameba, 

rkalebi – gadasasvlelTa gaxsnis operacias. 

parametrizebuli maRali donis petris qselis grafi 

(Parameterized High Level Petri Net Graph). maRali donis 

petris qselis grafi, romelSic parametrebi ganisazRvreba. 
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4.2. maRali donis petris qselebi  

(semantikuri modeli)  

4.2.1. petris qseli HLPN 

 
petris qselis semantikuri modelis aRweris procesSi 

gamoiyeneba Semdegi abreviaturebi: HLPN – maRali donis 

petris qseli da HLPNG – maRali donis petris qselis 

grafi. 

HLPN warmoadgens struqturas   

HLPN = ( P, T, D; Type, Pre, Post, M0 ), 
sadac: 

 P - poziciad wodebuli elementebis sasruli 

simravlea; 

 T - gadasasvlelebad wodebuli elementebis 

sasruli simravle, ise, rom PT=; 

 D – aracarieli domenebis sasruli simravle, 

romlis yovel elements tipi ewodeba; 

 Type : PTD warmoadgens tipebis poziciebze 

dakavSirebisa da gadasasvlelis gaxsnis reJimis gansazRvris 

funqcias; 

 Pre, Post : TRANS->μPLACE warmoadgenen winaswar 

(gadasasvlelis gaxsnamde) da Sedegis (gadasasvlelis 

gaxsnis Semdgom) asaxvebs, sadac 

o TRANS = { (t,m) | tT, mType(t) } 

o PLACE = { (p,g) | pP, gType(p) } 

 M0μPLACE multisimravlea, romelsac qselis 

sawyisi markireba ewodeba; 

 MμPLACE multisimravlea, romelsac qselis 

markireba ewodeba; 

gadasasvlelis gaSvebis reJimebis sasruli simravle, 

TμTRANS nebadarTulia M-markirebaSi, Tu Pre(T)M, 

sadac Pre-s wrfivi gafarToeba Semdegi saxisaa: 

Pre(T) = trTRANS mult(tr,T)Pre(tr) 
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Tu gadasasvlelis gaxsnis reJimTa multisimravle T 

nebadarTulia M markirebaSi, maSin gadasasvlelis gaxsnis 

proceduras biji ewodeba da misi Sesrulebis Sedegad 

miRebuli axali markireba gamoisaxeba formuliT: 

M´ = M – Pre(T) + Post(T) 

bijis formaluri asaxva Seicavs sawyis da Sedegis 

markirebebs, agreTve gadasasvlelTa gaxsnis daSvebuli 

reJimebis multisimravles: 

´MM
T
 

 
 

4.2.2. maRali donis petris qselis  

grafi – HLPNG 

 

maRali donis petris qselis grafi warmoadgens 

struqturas: 

 

HLPNG = ( NG, Sig, H; Type, AN, M0 ),  

sadac 

 NG = (P,T;F) qselis grafad iwodeba, romelSic 

o P kvanZebis sasruli simravlea (poziciebi); 

o T - kvanZebis sasruli simravle (gadasasvle-lebi) da 

PT=; 

o F(PxT)(TxP) - rkalebad wodebuli mimarTuli 

monakveTebis simravle; 

 Sig = (S, O, V) warmoadgens grafis naturalur-logikur 

signaturas. 

 H = (SH, OH) signaturisTvis gansazRvruli mravalsor-

tiani algebraa; 

 Type : P->SH tipebis poziciebze daniSvnis funqciaa; 

 AN = (A, TC) qselis anotaciaTa wyvilia, sadac: 

 TC:T->TERM(OV)Bool warmoadgens funqcias, romelic 

gadasasvlelebs logikuri gamosaxu-lebis tipis 

anotaciiT afarToebs; 



139 

 

 M0:P->UpPµType(p), ise, rom pP, M0(p)µType(p) 

sawyisi markirebis funqciaa, romelic markerTa 

multisimravles yoveli poziciis tipTan koreqtulad 

akavSirebs. 

 

grafikulad pozicia wreebiT an elifsebiT gamoisaxeba. 

poziciis anotacia (warwerebi) Sedgeba minimum poziciis 

saxelis, poziciasTan dakavSirebuli tipis saxelisa da 

sawyisi markirebisgan. Tu sawyisi markireba carielia, igi 

SeiZleba ar gamoisaxos. 

gadasasvlels marTkuTxedi an Savi xazi gamosaxavs; 

gadasasvlelis anotacia Sedgeba minimum misi saxelisgan; Tu 

gadasasvlelis gaSvebis piroba mocemulia, igi marTkuTxedis 

SigniT aisaxeba da gamoitoveba mxolod maSin, roca 

yovelTvis WeSmaritia. 

rkals SeiZleba hqondes rogorc erT- an 

ormxrivmimarTuli monakveTis, aseve mimarTuli mrudis saxe.  

Tu erTi da igive poziciisa da gadasasvlelis 

damakavSirebel, Semaval da gamomaval rkalebs msgavsi 

anotaciebi aqvT, ormxrivmimarTuli rkalebis gamosaxva am 

SemTxvevaSi erTi orisriani rkalis saxiTac nebadarTulia. 

rkalis anotaciad zemoT aRwerili Termebis 

multisimravleebi gamoiyeneba.  

markeri petris qselSi poziciaTa markirebis elements 

warmoadgens da Sesabamisad, poziciis gverdze (an SigniT) 

gamoisaxeba misi markirebis farglebSi simboluri jamis 

saxiT.  

frCxilebi gamoiyeneba mimdinare markirebaSi markeris 

sixSirisa (frCxilebs gareT) da markeris mniSvnelobis 

(frCxilebs SigniT) gamosayofad.  

petris qselebis zemoTmoyvanili notaciis magaliTi 

mocemulia 4.1 naxazze. 
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nax.4.1. HLPN - grafi 

 
mocemulia 2 pozicia (p1 da p2), 1 gadasasvleli (t1) 

da damakavSirebeli rkalebi. aRiwereba 2 tipi, A da B, 

romlebic sabazo simravleebs warmoadgens da naturalur 

ricxvTa sxvadasxva qvesimravleebs Seicavs. cvladi x A-

tipisaa, y – B-tipis. gadasasvleli Seicavs gaxsnis pirobas 

x<y, risTvisac aRwerebis siaSi `naklebobis” operatori 

ganisazRvreba. rkalze (p1,t1) darTulia anotacia – cvladi 

x, xolo rkalze (t1,p2) anotacia – cvladi y. 

pozicia p1 tipizebulia A-tipiT da gaaCnia sawyisi 

markireba 1+2(3), romelic warmoadgens multisimravles 

M0(p1)={(1,1),(2,0),(3,2),(4,0)}, sadac yoveli wyvilis pirveli 

elementi naturaluri ricxvia A={1,2,3,4} sabazo 

simravlidan, xolo meore – misi sixSire multisimravleSi. 

pozicia p2 tipizebulia B-tipiT da misi sawyisi markireba 

cariel multisimravles warmoadgens M0(p2)={}. 

sawyisi markirebidan gamomdinare, gadasasvleli t1 

nebadarTulia gadasasvlelis gaxsnis Semdeg reJimebSi: {(1,3), 

(1,4), (1,5), (1,6), (3,4), (3,5), (3,5)}, sadac yoveli wyvilis 

pirveli elementi x-cvladis mniSvnelobaa, xolo meore – y-

cvladisa, ise, rom yoveli wyvilisTvis x<y. 
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mocemul qselSi gaSvebis reJimebis paralelizmic 

fiqsirdeba. magaliTad, reJimebis multisimravle (1,3)+2(3,5) 

t1 gadasasvlels paralelurad nebadarTuls xdis. SeiZleba 

aseTi magaliTis ganxilvac: (1,5)+(3,4); (1,6)+(3,5)+(3,6). 

Tu gaixsneba nebadarTuli markireba, magaliTad, (1,3) 

reJimTa multisimravleSi (romelic am SemTxvevaSi mxolod 

1 tipis 1 elementisgan Sedgeba), maSin Sedegis markirebebs 

Semdegi saxe eqneba: 

M(p1)={(1,0),(2,0),(3,2),(4,0)}; 

M(p2)={(3,1),(4,0),(5,0),(6,0)}; 

(1,3)+2(3,5) reJimTa multisimravleSi gadasasvlelis 

gaxsna Semdeg Sedegis markirebebs Camoayalibebs: 

M(p1)={}; 

M(p2)={(3,1),(4,0),(5,2),(6,0)}; 
 

4.3. petris qselebis klasifikacia  
 

petris qselebis evoluciis pirvel etapze maTi 3 

Teoriuli klasi ganisazRvra (I, II da III donis petris 

qselebi), magram dReisaTvis maTi raodenoba oramde Camovida  

- ganisazRvreba dabali da maRali donis petris qselebi, 

amasTan meore klasi pirvels moicavs.  

Zveli klasifikacia poziciebze, gadasasvlelebsa da 

rkalebze iyo orientirebuli da ganasxvavebda maT iseT 

maxasiaTeblebs, rogoricaa markerTa maqsimaluri raodenoba 

poziciaSi, rkalebis jeradoba da sxva. 

axal klasifikaciaSi yuradReba uSualod markerTa 

semantikazea gamaxvilebuli.  

kerZod, dabali donis petris qselebSi daiSveba 

mxolod `Savi” markerebi yovelgvari Sinagani struqturis 

gareSe, xolo maRali donis petris qselebi damatebiT 

winaswar gansazRvruli struqturis  `ferad” markerebsac 

Seicavs, Tumca unda aRiniSnos, rom terminebi `Savi” da 

`feradi” simboluria da literaturaSi maT xSirad 

gansxvavebuli saxelebiT moixsenieben.  
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markerTa arsi gansazRvravs Semdgom poziciebisa da 

gadasasvlelebis, agreTve rkalebis anotaciis SigTavss. 

`Savmarkerian” qselebSi mxolod aratipizebuli, 

erTgvarovani poziciebi da gadasasvlelebia daSvebuli, 

`ferad” qselebSi yvela poziciisTvis sakuTari tipi 

ganisazRvreba Sesabamisi tipis markerTa domeniT. erTi tipis 

poziciaSi meore tipis markeris arseboba dauSvebelia.  

gadasasvlelebi farTovdeba gadasasvlelis gaSvebis 

pirobebiT, romelic logikur gamosaxulebas warmoadgens da 

SeiZleba WeSmariti an mcdari iyos.  

rkalis anotacia dabali donis petris qselSi an 

saerTod gamoitoveba (rkalSi erT gaSvebaze mxolod erTi 

`Savi” markeri gadaadgildeba) an naturalur ricxvs 

warmoadgens, romelic gadasaadgilebel markerTa raodenobas 

asaxavs (rkalis jeradoba), maSin, roca maRali donis 

petris qselSi rkalis anotacia SeiZleba Seicavdes ufro 

rTul monacemebsac, romlebic qvemoT ganixileba. 

dabali donis petris qselebis qveklasebidan SeiZleba 

davasaxeloT avtomaturi petris qselebi, markirebuli 

grafebi, petris qselebi Tavisufali arCevaniT, 

elementaruli sistemuri qselebi, C/E-qselebi, usafrTxo 

S/T qselebi, S/T (klasikuri) qselebi da sxva, xolo maRali 

donis petris qselebis yvelaze kargad gamokvleul da 

gansazRvrul qveklass sistemuri petris qselebi 

warmoadgens. 

avtomatur petris qselebSi anu mdgomareobaTa 

manqanebSi (State Machines) yovel gadasasvlels SeiZleba 

hqondes maqsimum 1 Sesasvleli da 1 gamosasvleli. igi 

mkacrad Senaxvadi petris qselia (markerebis saerTo 

raodenoba masSi arasdros icvleba). avtomaturi petris 

qselebiT SeiZleba konfliqtebis, magram ara paralelizmis 

modelireba. 

markirebul grafebSi (Marked Graphs) yoveli pozicia 

zustad 1 gadasasvlelis Sesasvlels da zustad 1 

gadasasvlelis gamosasvlels warmoadgens. igi Teoriulad 
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avtomaturi petris qselebis oreulia, amodelirebs 

paralelizms, magram konfliqtebs - vera.  

markirebul grafebSi arsebobs ciklebi – Sekruli 

(Caketili) gza romelime gadasasvlelidan imave 

gadasasvlelamde, romelic gadasasvlelTa garkveuli 

mimdevrobis gaxsniT miiReba. ciklis gaSvebis Sedegad 

markirebul grafSi markerebis saerTo raodenoba ar 

icvleba, Tumca, zogadad, markirebuli grafi Senaxvadi ar 

aris (masSi merkerebis mTliani raodenoba SeiZleba 

icvlebodes). 

petris qselebSi Tavisufali arCevaniT (Free Choise 

Petri Nets) marTvadi konfliqtis cneba Semodis: Tu ramdenime 

gadasasvlels Semavali poziciisTvis konfliqti aqvs, 

petris qselSi Tavisufali arCevaniT isini yvela 

nebadarTuli unda iyos, anu sakonfliqte pozicia 

erTaderTi Semavali pozicia unda iyos yvela mokonfliqte 

gadasasvlelisTvis. 

zemoT aRwerili 3 qveklasis petris qselebis nimuSebi 

mocemulia 4.2 naxazze. 

S/T-qselebi (State/Transition Nets) klasikuri petris 

qselebis warmomadgenelia. igi Sedgeba msgavsi markerebisgan, 

romelTa grafikuli forma patara Savi wrea poziciis 

farglebSi. 

S/T-qselebSi pozicia SeiZleba erTze met markers 

Seicavdes, xolo markerebis didi odenobis SemTxvevaSi 

poziciaSi maTi raodenoba ricxobrivad Caiwereba. 

usafrTxo S/T-qselebis poziciebSi markerTa raodenoba 

ar unda aRematebodes 1-s. 
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P1 

P3 

P2 T1 

T2 

T3 

T4 

mdgomareobaTa manqana 

P1 T1 T2 

P

2 
P5 

T3 

T4 

P

6 

P

3 
P

4 

markirebuli grafi (ciklebiT 

T2T1T2, T4T3T4, T2T4T3T1T2) 

P1 

P2 

T2 P3 

T1 

T3 

petris qseli Tavisufali arCevaniT 

nax.4.2. dabali donis petris qselebis 3 qveklasi 
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gadasasvlelis gaSvebis aucilebeli pirobaa yvela 

Semaval poziciaSi damakavSirebeli rkalis jeradobaze 

aranaklebi odenobis markerebis mogroveba. rkalebis 

jeradoba naturaluri ricxviT gamoisaxeba (nax.4.3).  

 
 

nax.4.3. klasikuri petris qseli `resursebis  

ganawilebis~ amocanisTvis 

 

elementaruli sistemuri qselebi (Elementary System 

Nets) S/T-qselebis msgavsad dabali donis petris qselebis 

klasSi Sedis, rogorc yvela sxva qseli, romlebSic 

mxolod erTgvarovani markerebia dasaSvebi.  

gansxvaveba isaa, rom elementarul sistemur qselebSi 

erTi pozicia SeiZleba Seicavdes araumetes erT markers. 

Sesabamisad, masSi jeradi rkalebi ar arsebobs da rkali 

Wdes (warweras) ar saWiroebs. amasTan, elementarul qselur 

sistemebSi akrZalulia gadasasvlelis gaSveba, Tu erTi 

mainc gamomavali pozicia markers ukve Seicavs [47]. 

misgan gansxvavebiT usafrTxo S/T-qselebisTvis 

mniSvneloba ara aqvs gamomavali poziciebis mdgomarebas, 



146 

 

maTSi gadasasvleli gaiSveba, Tu yvela Semaval poziciaSi 

markeri iqneba. amasTan, usafrTxo S/T-qselebi krZalaven 

poziciaSi erTze meti markeris arsebobas [48]. aqedan 

gamodinare, usafrTxo petris qselSi maryuJis arseboba 

gadasasvlelis gaxsnas xels ver uSlis, elementarul 

sistemur qselSi ki piriqiT.  

4.4 naxazze mocemuli, grafikulad srulebiT msgavsi 

elemetaruli sistemuri qseli da S/T-qseli gansxvavdeba 

Sesrulebis maneriT: pirvelSi gadasasvleli T ver gaiSveba, 

meoreSi igi nebadarTulia. 

 
 

4.4. sistemuri petris qselebi 

 
System Petri Nets - yvela zemoaRwerili qveklasisgan 

gansxvavebiT, maRali donis petris qselis qveklass 

warmoadgens. 

maRali donis petris qselebis standartuli notaciis 

Tanaxmad, sistemuri petris qselebisTvis ganisazRvreba 

konstantebi, cvladebi da funqciebi, romelTa erTobliobas 

sistemuri petris qselis struqtura ewodeba, xolo 

gadasasvlelebisTvis ganisazRvreba gaxsnis piroba, romelsac 

P2 

P1 

P3 T 

a)elementaruli sistemuri 

qseli 

P2 

P1 

P3 T 

b) usafrTxo S/T-qseli 

nax.4.4. grafikulad msgavsi da Sesrulebis 

wesebiT gansxvavebuli petris qselebi 
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`gadasasvlelis damcavi funqcia” ewodeba [47]. sistemuri 

petris qselebis ZiriTadi gansazRvrebebi Semdegia: 

gansazRvreba_1. vTqvaT  qselia. -s  universumi 

TiToeuli pP poziciisTvis afiqsirebs mdgomareobaTa Ap 

simravles, romelsac -Si p-s domeni ewodeba. 

gansazRvreba_2. vTqvaT  qselia  universumiT, maSin 

1. -s mdgomareoba a TiToeuli poziciisTvis 

gansazRvravs simravles a(p) Ap; 

2. vTqvaT tT. qmedeba m TiToeuli mosazRvre f=(p,t) 

an f=(t,p) rkalisTvis gansazRvravs simravles m(f) 

 Ap . 
es niSnavs, rom sistemuri qselebis poziciebSi 

cvladis mniSvnelobaTa simravlis moTavseba SeiZleba, 

rkalsac elementaruli petris qselebisgan gansxvavebiT 

erTze meti mniSvnelobis gatareba SeuZlia, rac maRali 

donis peteris qselebs axasiaTebs. 

sistemuri petris qselebis Sinaarsi struqturebis 

cnebazea dafuZnebuli. ganvsazRvroT Tavidan konstantisa da 

funqciis cnebebi. 

 

gansazRvreba_3. davuSvaT A1,…,Ak aris qvesimravleTa 

simravle. 

1.  davuSvaT aAi, romeliRac 1<i<k - Tvis. maSin a-s 

ewodeba konstanta simravleSi A1,…,Ak da Ai-s ewodeba a-s 

klasi. 

2.   i=1,…,n+1 - Tvis davuSvaT Bi{A1,…,Ak}, da vTqvaT, 

f:B1…BnBn+1 aris funqcia. maSin f-s ewodeba funqcia 

A1,…,Ak simravleebze. simravleebi B1,…,Bn warmoadgens f-is 

argumentebis tipebs, xolo Bn+1 Sedegis tips. n+1 korteJi 

(B1,…,Bn+1) warmoadgens f-is ares da Semdegnairad Caiwereba 

B1…BnBn+1.   
sistemuri petris qselis struqtura konstantebisa da 

funqciebis simravles ewodeba. 
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gansazRvreba_4. davuSvaT A1,…,Ak aris qvesimravleTa 

simravle, a1,…,al konstantebi A1,…,Ak-Si da f1,…,fm 

funqciebi A1,…,Ak-ze. maSin A=(A1,…,Ak;a1,…,al;f1,…,fm) 

warmoadgens struqturas. A1,…,Ak matarebeli simravleebia, 

a1,…,al - konstantebi, xolo f1,…,fm - funqciebi. 

struqturebis funqciaTa Semadgenloba Termebis cnebiT 

aRiwereba. Termebi Seicavs cvladebs da konstantebs da 

iseve rogorc calkeuli cvladebi, konkretul momentSi 

konkretul mniSvnelobas Rebulobs.  

Termebisa da cvladebis ukeT warmosadgenad 

ganvixiloT "moTxovnaTa momsaxurebis" sistema. igi Sedgeba 

monacemTa 3 momxmareblisagan (u,v,w), romelTa ciklur 

momsaxurebas awarmoebs  monacemTa 2 menejeri (m da n).  

sawyis mdgomareobaSi TiToeuli momxmarebeli 

lokalur mdgomareobaSia, xolo garkveul momentSi 

momxmarebeli moiTxovs monacemebs orive menejerisgan da 

mxolod mas Semdeg, rac orivesgan dakmayofildeba, 

ubrundeba lokalur mdgomareobas. 

momsaxurebas pirvelad u Rebulobs, mere v da bolos 

w. 4.5 naxazze warmodgenilia sistemuri petris qseli 

mocemuli sistemisaTvis.  

am SemTxvevaSi petris qselis struqturas Semdegi saxe 

eqneba: 

 

"moTxovnaTa momsaxureba"=(users,managers, 

usersmanagers, managersusers,u,v,w,m,n,succ) 

 

sadac succ (inglisuri sityvidan success - "warmateba") 

moTxovnis warmatebiT Sesrulebis mauwyebeli funqciaa, misi 

argumenti x cvladia, romelic users tipisaa da Sesabamisad, 

mniSvnelobebs mxolod {u,v,w} simravlidan iRebs, xolo 

Tavad succ-is mniSvneloba rigSi momdevno adgilas mdgari 
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momxmarebelia, romelic funqciis meSveobiT menejerTan 

mimarTvis uflebas Rebulobs.  

 
sistemur qselze rkalTa zogierTi warwera Termia, 

magaliTad, (x,m) da igi Seicavs cvladsac (x) da 

konstantasac (m), rogorc zemoT aRvniSneT.  

sistemuri qselis muSaobis pirvel bijze, amocanis 

pirobis Tanaxmad, momsaxurebas Rebulobs u momxmarebeli, 

davuSvaT m menejerisgan. maSin Termi (y,x)=(m,u), Termi 

(x,m)=(u,m) da cvladi x=u.  

Tu x-s sxva mniSvnelobas mivaniWebT, magaliTad v-s, 

gadasasvleli `momsaxurebis moTxovna" ki gaixsneba, magram 

Tavad `momsaxureba" - vera, radgan am dros (y,x) Termis 

mniSvneloba (m,v) unda gaxdes, ris saSualebasac poziciis 

(`y mzadaa x-is momsaxurebisTvis") sawyisi Semcveloba ar 

iZleva da Sesabamisad, qseli ar imuSavebs. 

users = {u,v,w} 

managers={m,n} 

succ:users->users 

succ(u) = v 

succ(v) = w 

succ(w) = u 

var x:users 

var y:managers 

u v w 

(m,u) 

(n,u) 

(y,x) (y,succ(x)) 

(x,y) (x,y) 

x x 

(x,m) 
(x,n) 

(x,m) (x,n) 

x icdis 

y menejeri 

moemsaxura x 

momxmarebels 

x elis y-s 

x mzadaa y-is 

momsaxure-

bisTvis 

nax.4.5. sistemuri petris qseli `moTxovnaTa 

momsaxurebis amocanisTvis“ 
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ufro rTuli SemTxvevebisTvis Termebis simravle 

Semoitaneba (simravle-Termebi), romelic sami tipisaa: 

konstanta-Termi, funqcia-Termi da cvladi-Termi.  

konstanta-Termi qselSi ara calkeuli konstantebis, 

aramed konstantebis (magaliTad, naturaluri ricxvebis) 

simravleTa asaxvisTvis gamoiyeneba da am SemTxvevisTvis 

poziciis aRmniSvneli Wde ara konstantebis simravles, 

aramed simravlis aRmniSvnel simbolos (did laTinur asos) 

warmoadgens, xolo Tavad simravle qselis struqturis 

gansazRvraTa blokSi aRiwereba. 

funqcia-Termi rkalis anotaciaa, aRiniSneba Ф-

simboloTi da petris qselSi konstantebis cvladi 

raodenobis transportirebas emsaxureba argument-cvladis 

mniSvnelobis Sesabamisad.  

cvladi-Termi aseve rkalis anotacias warmoadgens da 

qselSi mTlianad simravlis an mis qvesimravleTa 

gadasatanad gamoiyeneba. Termebis simravleTa tipebis 

magaliTebi mocemulia 4.6 naxazze. 

 
nax.4.6. simravle-Termebi 
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4.5. petris qselis gafarToebuli  

tipebi 

petris qselebis qveklasidan ganisazRvreba petris 

qselis tipi. axali tipis gansazRvris are SeiZleba 

mravalnairi iyos. yovel petris qsels gaaCnia Semdegi 

saerTo elementebi: poziciebi, gadasasvlelebi da rkalebi,  

romlebiTac petris qselis grafi iqmneba.  

petris qselis axali tipis gansazRvrisas safuZvlad 

swored petris qselis grafia aRebuli da igi Semdgomi 

asaxvebiTa da funqciebiT petris qselis konkretul tipamde 

farTovdeba.  

petris qselis sxvadasxva tipebi erTmaneTisgan 

SeiZleba gansxvavdebodes markerTa tipebiT da maTgan 

gamomdinare erTiani markirebis sistemiT, qselis elementebis 

aRweriT (Wdeebi) an/da gadasasvlelTa gaSvebis wesebiT. 

Wdeebi petris qselis elementebze, ZiriTadad mxolod 

warwerebia da Seicavs elementis sintaqss, magram ara 

semantikas. Sesabamisad, isini qselis Sesrulebis procesSi 

verafers cvlis. Wdeebis daniSnuleba petris qselis 

sintaqsuri kontrolia. 

amis miuxedavad, axali tipis Wdis gansazRvra ukve 

sakmarisia imisTvis, rom axali petris qselis tipi iqnes 

gansazRvruli.  

poziciebze, gadasasvlelebze an/da rkalebze droiTi 

dayovnebis gansazRvras droiTi petris qselis tipi Semoaqvs, 

dayovnebis droTa albaTur ganawilebas – stoqasturi 

petris qselis tipi da ase Semdeg.  

petris qselebis tipebis gansazRvris ufro farTo 

garemo maRali donis petris qselebis qveklasebia 

(magaliTad, sistemuri petris qselebi). qvemoT mokled 

aRvwerT yvelaze kargad damuSavebul da gavrcelebul 

petris qselis tipebs.  
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4.5.1. feradi petris qselebi:  

CPN instrumenti  

feradi petris qselebi (Coloured Petri Nets) maRali 

donis petris qselebia da sxvadasxva feris markerebs 

Seicavs [49,50]. termini „feradi“ qselSi gansxvavebuli 

markerebis arsebobaze mianiSnebs - amgvari qselebis dabali 

donis petris qselebisgan gamosarCevad, romlebic 

erTgvarovan, „Sav“ markerebs Seicavs. feradi petris qselis 

struqtura rTulia da igi mravali saxeobis Wdeebs Seicavs.  

4.7 naxazze mocemulia feradi petris qselis 

fragmenti sawarmoo firmis marketinguli procesebis 

modelirebiT [51]. aq gadasasvleebis blokebSi naCvenebia, 

magaliTad, sabazro moTxovnilebaTa gansazRvris, 

kontraqtebis formirebis, warmoebis dagegmvis, warmoebis 

teqnologiuri momzadebis, produqciis warmoebis, 

damkveTebze gadacema-gagzavnis, Sedegebis analizis da axali 

gadawyvetilebebis miRebis procesebi. TiToeuli maTgani unda 

gaiSalos damoukidebeli petris qseliT da moxdes maTi 

analizi, amasTanave Seiqmneba erTiani ierarqiuli sistema 

Cadgmuli petris qveqselebiT. 

feradi petris qselebis grafo-analizuri CPN-

instrumenti iyenebs obieqt-orientirebuli, vizualuri 

daprogramebis principebs, misi ena CPN saSualebas iZleva 

aRiweros qselis feradi komponentebi (markerebi), cvladebi, 

konstantebi da TviT poziciebis, gadasasvlelebisa da 

rkalebis teqstebi, rac erTgvar komforts qmnis qselis 

wasakiTxad da gasagebad.  

4.8 naxazze naCvenebia am instrumentis funqciebis, 

daxmarebis, ofciebisa da aRweris (Declarations) Cveni qselis 

magaliTze. moviyvanT zogierT ganmartebebs CPN-is 

wasakiTxad. qselis yovel pozicias gaaCnia minimum ori Wde: 

saxeli, romelic aRmniSvneli wris an elifsis SigniT 

iwereba da martivi an Sedgenili tipi (poziciis gverdiT, 

kursiviT, sakvanZo sityva type, color an string).  
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nax.4.7. marketinguli procesis fragmenti  

CPN-is garemoSi 
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magaliTad, pozicia 

„kontraqtebi“ INTxDATA 

tipisaa, romelic winaswar 

gansazRvruli INT da DATA 

tipebis dekartuli 

namravliT warmoiqmneba. 

feradi petris qseli 

Seicavs „ferad“ markerebs, 

romlebic konkretuli 

tipis SesaZlo mniSvnelo-

baTa simravle an 

multisimravlea. 

naxazze naCvenebia 

sistemaSi konstantebis 

(sakvanZo sityva val), 

cvladebis (var) da 

funqciebis (fun) aRwera. 

sxvadasxva tipis 

monacemTa Soris 

kavSirebis asaxvisTvis 

gamoiyeneba simravleTa da 

kompleqte-bis Teoriis 

elementebi. garda 

monacemTa tipisa, yoveli 

poziciis gverdiT SeiZleba 

aisaxos mocemul momentSi 

Semavali feradi markerebi.  

nax.4.8. CPN-samuSao garemo 

sainicializacio markireba xazgasmuli teqstis saxiT 

gamoitaneba. magaliTad, sawyis mdgomareobaSi pozicia 

„kontraqtebi“ Seicavs INTxDATA tipis ferad markerTa  

5-elementian simravles: {1`(1,”kontraqti_1“), 1`(2, „ 

kontraqti_2“), 1`(3, „ kontraqti_3“), 1`(4, „ kontraqti_4“), 

1`(5, „##### “) }. aq bolo, me-5 elementi Seesabameba 

dasasrulis identifikacias - stop. 
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sayuradReboa „1“-iani yoveli elementis dasawyisSi (mas 

koeficienti ewodeba), romelic miuTiTebs, rom poziciaSia 

araumetes 1 cali mocemuli feris monacemi (anu arsebobs 

mxolod erTi kontraqti nomriT „kontraqti_1“, romlis 

feria - rigiTi nomeria 1). am SemTxvevaSi gvaqvs monacemTa 

elementebis simravle.  

meore magaliTi, pozicia `mza produqcia~ Sedgeba 157 

elementisgan (1+5+3+10+7+100+30+1), romlebic 7 sxvadasxva 

(markerebis feris) damzadebuli produqtis raodenobas, anu 

multisimravles asaxavs. 

procesebis Sesrulebis dro (dayovneba) aisaxeba 

gadasavlelTan simbolos da drois erTeulis (magaliTad, 

@+7, @+wait) miTiTebiT, sadac wait winaswar gansazRvruli 

konstantaa.   

amave naxazze asaxulia aradeterminirebuli logikuri 

gamosaxuleba (pirobis bloki) feradi petris qselis 

rkalebze, romelic gadasasvlelTa gaSvebis sxvadasxva 

pirobebs da Sedegebs asaxavs, anu logikuri pirobis 

WeSmaritebisas gadasasvlels gansxvavebuli mniSvneloba 

miewodeba (an gadasasvlelidan gansxvavebuli mniSvneloba 

gamova), mcdarobisas – gansxvavebuli.  

magaliTad, gadasasvels `produqciis partiis 

gadagzava~ gamosasvlel rkalze aqvs logikuri piroba - Tu 

gamogzavnili produqciis nomeri (n) emTxveva klientis 

kontraqtiT misaReb produqciis nomers (k), maSin gvaqvs 

`true~, winaaRmdeg SemTxvevaSi `false~, rac imas niSnavs, rom 

saWiro produqcia araa mosuli. Tu yvelaferi wesrigSia, 

maSin mimRebi ugzavnis mwarmoebels Setyobinebas 

gadasasvleliT `dasturis gamogzavna~. produqciis da 

Setyobinebis gadacemaTa qselSi SemTxveviTi procesis 

arseboba ganpirobebulia dayovnebis cvladi drois gamo, rac 

aisaxeba colset NetDelay=int with 25..75, fun DEL( )=NetDelay.ran( ) 

random-funqciiT. logikuri pirobis mniSvneloba sxvadasxva 

SemTxvevebSi sxvadasxvanairad ganisazRvreba. interaqtiul 

simulatorebSi WeSmariteba-mcdarobas Tavad momxmarebeli 
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gansazRvravs, avtomaturi simulaciisas – SemTxveviT 

sidideTa generatori. 

4.9 naxazze naCvenebia CPN-garemoSi petris qselis 

agebisa da imitaciuri modelirebis vizualuri komponentebi. 

simulaciis me-3 Rilaki (mwvane rgoliT) saSualebas iZleva 

iteraciulad, xeliT avamuSavoT CvenTvis saWiro 

gadasasvleli. me-6 Rilaki iZleva saboloo markirebis 

suraTs. 1-eli Rilaki – ki aRadgens sawyis markirebas, 

eqsperimentis Tavidan Casatareblad.   

       
nax.4.9 petris qselis Seqmnisa da imitaciuri  

modelirebis instrumentebi 

 

4.10 naxazze naCvenebi gvaqvs Cveni qselis fragmenti 

ramdenime bijis Semdeg, sadac Cans markerebis Secvlili 

mdgomareoba. Tavidan gaiSveba gadasasvleli `warmoebis 

dagegmva~ (ix. nax.4.7), vinaidan mis Sesasvlel poziciebSi 

`kontraqtebi~ da `sawarmoo simZlavreebi~ mzadaa markerebi,  

romlebic gadaadgildeba poziciebSi `sawarmoo gegma~ (n=1, 

p=”Contr_1”) da ”G” (w=1). es ukanaskneli aris signali imis 

Sesaxeb, rom 1-eli kontraqtiT gaTvaliswinebuli 

produqciis sawarmoeblad saWiroa `warmoebis teqnologiuri 

momzadeba~, rasac asrulebs Sesabamisi gadasasvleli. 

amgvarad, Tu nedleulic Semosulia (poziciaSi `nedleuli~ 

aris 1 markeri), maSin gadasasvleli `warmoeba~ amuSavdeba. 

paralelurad qselSi gaiSveba `produqciis partiis gacemis~ 

gadasasvleli da markeri gadava `gagzavnis~ A-poziciaSi 

(n=1, p=”Prod_1”). transportirebis garkveuli drois Semdeg 



157 

 

(stoqastikuri dro: @+DEL( ) ) produqcia miaRwevs 

damkveTamde da a.S. 

CPN-is simulaciis instrumentiT SesaZlebelia 

markirebaTa mdgomareobebisa da statistikuri analizis 

Catareba, Sesabamisi diagramebis agebiT.    

 

 
nax.4.10. imitaciuri modelirebis Sualeduri etapi 
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feradi petris qselebSi kargadaa Serwymuli petris 

qselebisa da daprogramebis Teoria (ierarqiuloba, 

moduluroba – didi sistemebis modelirebisTvis), rac mis 

did praqtikul Rirebulebasac ganapirobebs Tanamedrove 

informaciul teqnologiaTa gamoyenebis mraval sferoSi, 

gansakuTrebiT biznesisa da marketingis menejmentis 

amocanebis gadasawyvetad. 

qselSi informaciuli nakadebis moZraobis didi 

sirTulis gamo saWiroa kvlevis obieqtis dekompoziciis 

ganxorcieleba, rac CPN modelis warmodgeniT moxdeba misi 

ierarqiulad dakavSirebuli modulebis safuZvelze (ise, 

rogorc programuli paketi Sedgeba modulebisgan, 

struqturuli daprogramebis principebiT) [49,52] 

amgvarad, produqciis sawarmoo firmis marketinguli 

procesebis modelirebisaTvis gveqneba Semdegi ZiriTadi 

ierarqiuli modulebi: 

1. sabazro moTxovnebis gansazRvris;  

2. produqciis warmoebis dagegmvis; 

3. warmoebis teqnikuri momzadebis da produqciis 

warmoebis; 

4. produqciis gacemis (sasawyobo meurneoba); 

5. produqciis gadagzavnis (transportireba); 

6. produqciis miRebis da damkveTis Setyobinebis; 

7. faqtobrivi mdgomareobis aRricxvis; 

8. sawarmoo da sarealizacio gegmebis Sesrulebis 

analizis; 

9. ekonomikuri maCveneblebis angariSisa da analizis; 

10.  axali sabazro strategiis formirebis da a.S. 

4.11 naxazze Cans, rom markers Next_Send–Si aqvs droiTi 

Wde. intuiciurad es niSnavs, rom mimwodebels ar SeuZlia 

axali Prod.partiis_gacema –is an Receive Acknow–is gaSveba, Tu 

erT-erTi mainc amaTgan ukve gaSvebulia da ar damTavrebula. 
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nax.4.11-a. sawyisi mdgomareoba 

simulaciis ramdenime bijis Semdeg miiReba damyarebuli 

mdgomareoba saboloo markirebiT. 

 
nax.4.11-b. Sualeduri mdgomareoba  

(produqciis 3 partiis gadacemis Semdeg) 
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nax.4.11-g. saboloo mdgomareoba  

(produqciis 7 partiis gadacemis Semdeg) 
 
Shemdegi_migeba–is droiTi WdiT Cans, rom 

produqciis bolo partia miRebul iqna 1791 driTi 

erTelisas, xolo  NextSend–is droiTi Wde gviCvenebs, rom 

bolo Setyobineba produqciis miRebis Sesaxeb movida 1850 

droiT erTeulSi. 

droiTi Wdeebi poziciaze MzaProduqcia miuTiTebs 

produqciis partiebis (ganmeorebiTi) gadacemis droebze. 

magaliTad, pirveli partia gadaica 336 droiTi 

erTeulisTvis, meore 465, mesame 831 da a.S.         

Cveni droiTi CPN-modeliT SeiZleba gamovikvlioT 

marketinguli procesis `produqciis_gadagzavnis~ 

Sesrulebis maxasiaTeblebi. magaliTad, paketebis 

ganmeorebiTi gadacemis dayovnebis drois (wait) sxvadasxva 

mniSvnelobisaTvis. xanmokle dayovneba zrdis Sanss 
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ganmeorebiTi gadagzavnebis Tavidan asacileblad. igi aseve 

zrdis Sanss, rom  operacia Dasturis_migeba gadaidos, radgan 

procesi Prod.partiis_gacema dakavebulia ganmeorebiTi 

gadagzavniT.  

grZeli dayovneba niSnavs, rom saWiro iqneba didxans 

cda, sanam mimwodebeli darwmundeba, rom paketi an dasturi 

iqna dakarguli. simulaciis procesSi, sxvadasxva wait-

mniSvnelobiT SeiZleba dadgindes optimaluri mniSvneloba 

ganmeorebiTi gadacemis dayovnebisaTvis. 

axla ganvixiloT marketingis procesisTvis mza 

produqciis damkveTebze miwodebis (realizaciis) gegmis 

Sesrulebis (aRricxvis) Sesabamisi CPN petris qselis 

analizis amocana e.w. mdgomareobaTa sivrcis safuZvelze. 

 
4.5.2. petris qselis mdgomareobaTa  

sivrce 

mdgomareobaTa sivrce (State Space) aris kvlevis 

obieqtis Sesabamisi modelis yvela SesaZlo mdgomareobis 

erToblioba. TviT mdgomareoba, rogorc es klasikur petris 

qselebSia miRebuli, asaxavs markerTa ganawilebas qselis 

poziciebis mixedviT, anu markirebebs. qselis romelime 

gadasasvlelis amuSavebis (gaSvebis) Semdeg xdeba mis 

Sesasvlel da gamosasvlel poziciebSi markerTa raodenobis 

cvlilebebi. am dros qseli gadadis axal mdgomareobaSi. 

aseTi procesi SeiZleba romelime bijze daiblokos, 

anu CixSi Sevides, rac imis mauwyebelia, rom aseTi modeli 

da misi Sesabamisi realuri obieqti ver miaRwevs mizans, 

saboloo Sedegs. amgvarad qseli yofila arasakmarisad 

mdgradi da igi moiTxovs koreqtirebas.  

Cven SemTxvevaSi saqme gvaqvs mza produqciis 

miwodebasTan damkveTebze, romlis gegmac kontraqtebis 

safuZvelze iqna Sedgenili da misi Sesruleba aucilebelia 

(raTa ar moxdes xelSekrulebis darRvevasTan dakavSirebuli 

sajarimo sanqciebis daweseba).  
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Cveni modelis fragmentis safuZvelze, romelic wina 

paragrafSi ganvixileT, xdeba mza produqciis gacema 

sawyobidan, Semdeg transportireba da damkveTamde mitana. 

damkveTi, produqciis miRebisTanave agzavnis dasturis 

Setyobinebas da mimwodebeli amis Semdeg zrunavs momdevno 

partiis damzadebasa da miwodebaze. 

araa gamoricxuli SemTxvevebi, rom produqciis partia 

ver mivides droulad damkveTTan (garkveuli obieqtur-

subieqturi mizezebis gamo), an daikargos dasturis 

Setyobineba. aseT SemTxvevebSi saWiroa informaciis 

droulad gamokvleva da arSesrulebuli proceduris 

gameoreba. feradi petris qselis gadasasvlelebi, 

rogorebicaa Produqciis partiis gacema, Produqciis partiis gadagzavna, 

Produqciis partiis migeba, dasturis gagzavna da a.S. xasiaTdeba 

droiTi dayovnebebiT, romlebic an konstanturi 

mniSvnelobisaa, an SemTxveviTi ricxvebis diapazonidan aiReba 

sistemis mier. amgvarad, CPN-instrumentiT SesaZlebelia 

mdgomareo-baTa sivrcis angariSis mTliani procesis sruli 

avtomatizacia, rac mniSvnelovnad aCqarebs qselis 

diagnostikis process misi realur obieqtTan 

adekvqturobis Sesaxeb, anu ramdenad sworad asaxavs modeli 

realuri obieqtis yofaqcevas.   

mdgomareobaTa sruli sivrce – orientirebuli grafiT 

aisaxeba, romelSic mwvervalebi Seesabameba qselis dasaSveb 

markirebebs, xolo rkalebi – movlenebs damakavSirebeli 

elementebiT. e.i. M1 mdgomareobidan (markirebidan) sistema 

gadadis M2 mdgomareobaSi, rodesac arsebobs rkali 

damakavSirebeli (n, p)- elementiT, sadac n-feradi markeria, 

xolo p- informaciuli nawili. 4.12-a naxazze naCvenebia 

petris qselis sawyisi mdgomareobis fragmenti {n=1, 

p=”Prod1”} elementiT.   

4.12-b naxazi ki Seesabameba petris qselis axal 

markirebas pirveli bijis Semdeg. aq SesamCnevia, rom A-

poziciaSi gaCnda axali, 1 markeri, romlis feri=1, 

monacemi=”Prod1”. amasTanave es markeri movida qselis 
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amuSavebidan t=12 droiTi erTeulis (mag., wuTi) Semdeg 

(vinaidan Produqciis partiis gacemis gadasasvlelis droiTi 

dayovnebaa @+12).  

   
nax.4.12-a. sawyisi markireba       nax.4.12-b. markireba pirveli    

         bijis                            Semdeg 

axla gaaqtiurda Produqciis partiis gadagzavnis 

gadasasvleli da SesaZlebelia aseve Produqciis partiis gacemis 

gadasasvlelis xelaxali gaSvebac. es orive procesi 

SeiZleba Sesruldes paralelurad, isini erTmaneTs xels ar 

uSlis. 4.12-g naxazze naCvenebia Pproduqciis partiis 

gadagzavnis gadasasvlelis aqtiuri mdgomareoba. aq markerebi 

aris A da SP poziciebSic.  

 

 
 

 

nax.4.12-g 
 

am gadasasvlelidan B–poziciaSi Semavali rkali 

logikur pirobas akontrolebs, anu dasaSvebia ori 

SemTxveva: 
TP+=( Produqciis_partiis_gadagzavna, <n=1,p=”Prod1”, success=true>), 

TP-=( Produqciis_partiis_gadagzavna, <n=1,p=”Prod1”, success=false>). 
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aq es ori damakavSirebeli elementi TP+ da TP- 

imyofeba konfliqtSi erTmaneTTan, anu erTis Sesruleba 

meores gamoricxavs. pirveliT modelirdeba qselSi 

produqciis partiis warmatebiT gadacema, xolo meoreTi ki 

– am partiis danakargia saxeze. 

4.13. naxazze naCvenebia aRwerili procesis Sesabamisad 

Cveni qselis mdgomareobaTa sivrcis fragmenti, romelic, 

rogorc aRvniSneT, orientirebuli grafiTaa warmodgenili. 

nax.4.13. mdgomareobaTa sivrcis fragmenti  

CPN-modelisaTvis 
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4.14 naxazze mocemulia 

imitaciuri modelirebis (simu-

laciis) da mdgomareobaTa 

sivrcis analizis reportebis 

momzadebis instrumenti.  

aRniSnuli CheckBox-is 

CarTvis SemTxvevaSi, reportebi 

avtomaturad moTavsdeba C:\temp 

saqaRaldeSi, romelic winaswar 

unda Seiqmnas. 
 

nax.4.14 

 

4.15. naxazze mocemulia 

CPN-qselis funqcionirebis 

fragmenti 4-produqciis partiis 

normaluri gadagzavnisTvis.  

 
nax.4.15. State Space - instrumentiT 
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4.16 naxazze naCvenebia marketingis departamentis 

produqciis miwodebis CPN-qselis Sesabamisi sqema 

dasrulebuli procedurebiT.  

 
nax.4.16. saboloo mdgomareoba da imitaciis Sedegad  

Save Report–is miReba 

 

4.17 naxazze asaxulia CPN-qselis funqcionirebis 

dros konstantebis, cvladebis (rogorc klasis monacemebis) 

da funqciebis (klasis meTodebis) CamonaTvali.  

zemoaRniSnulidan kargad Cans, rom feradi petris 

qselebis CPN-instrumenti 
obieqt-orientirebuli 

modelirebis da 

daprogramebis meTodebis 

matarebelia. 

 

 

 
nax.4.17 
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aRniSnuli procesebis Sesruleba unificirebuli 

modelirebis enis UML-teqnologiaSi  mogvagonebs 

SetyobinebaTa (Messages) marTvas interaqtiurobis 

dinamikur modelSi, romelsac mimdevrobiTobis diagramiT 

(Sequence-D) vicnobT. 4.18 naxazze mocemuli gvaqvs aseTi 

diagramis fragmenti: 

 

 
nax.4.18. mimdevrobiTobis diagrama 

 

dasasrul, SeiZleba davamatoT, rom dReisaTvis feradi 

petris qselebi da misi kompiuteruli realizacia „CPN-

Tools“ msoflios 40 qveynis 400-ze met organizaciaSi 

gamoiyeneba sistemebis modelirebis instrumentad (maTgan 

100-mde komerciul kompaniaSi) [19]. gansakuTrebiT maRalia 

moTxovnileba am instrumentze amerikis, evropisa da CineTis 

qveynebis universitetebSi.  
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4.5.3. droiTi petris qselebi 

 
droiTi petris qselebi faqtobrivad yoveli tipis 

petris qselisTvis droiTi gafarToebis damatebiT miiReba. 

droiTi gafarToeba aucilebelia realuri saproblemo 

sferos modelirebisTvis, mis gareSe petris qseli mxolod 

sistemis raodenobrivi analizisTvis gamodgeba.  

droiTi petris qseli 4 tipis arsebobs: poziciur-

droiTi (Timed Places Petri Nets - TPPNs), tranzaqciul-

droiTi (Timed Transition Petri Nets - TTPNs), rkalur-droiTi 

da markerul-droiTi [11].  

poziciur-droiTi tipisTvis ganisazRvreba dayovnebis 

erTi da igive dro poziciaSi moTavsebuli yvela 

markerisTvis da drois aTvla iwyeba Sesabamisi 

gadasasvlelis gaaqtiurebisTanave (roca misi gaxsna 

nebadarTuli xdeba). yvela Semavali poziciis dayovnebis 

drois gasvlis Semdeg gadasasvleli gaixsneba.  

tranzaqciul-droiT petris qselebSi dayovnebis dro 

gadasasvlelisTvis (tranzaqciisTvis) ganisazRvreba. petris 

qselebis es tipi 2 qvetips Seicavs: winaswari arCevanisa da 

Sejibrebis modelebs.  

winaswari arCevanis SemTxvevaSi gadasasvleli 

gaaqtiurebisTanave iRebs monopolur uflebas yvela Semaval 

poziciaSi moTavsebul markerebis im odenobaze, rac misi 

gaxsnisTvis aucilebelia (sxva poziciebTan konfliqtSi 

imarjvebs). amis Semdgom iwyeba dayovnebis drois aTvla. misi 

gasvlisTanave gadasasvleli gaiSveba petris qselis wesebis 

mixedviT, anu gadasasvlelis gaaqtiurebas aucileblad misi 

gaxsna mohyveba.  

Sejibris modelSi mTavari droiTi faqtoria, markerebi 

yvela aqtiur gadasasvlels ekuTvnis da gaivlis mas, 

romlis dayovnebis droc ufro male gava. 

rkalur-droiT petris qselSi droiTi dayovnebis 

sidideebi rkalebs eniWeba, ganisazRvreba rkalSi markeris 

„mogzaurobis“ dro da gadasasvlelis gaxsna SesaZlebelia 
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mxolod maSin, roca yvela Semaval rkalSi moZravi markeri 

miaRwevs gadasasvlels.  

markerTa „mogzauroba“ gadasasvlelisken iwyeba 

mxolod maSin, roca gadasasvlelis gaxsna nebadarTuli 

xdeba. gaxsnis Semdgomac yovel rkals eniSneba masSi 

markeris „mogzaurobis“ dro, sanam igi gamomaval pozicias 

miaRwevs. 

markerul-droiTi petris qseli yoveli markerisaTvis 

calke dayovnebis drois gansazRvras moiTxovs. amgvari tipi 

moxerxebulia droiTi prioritetebis modelirebisTvis. 

droiTi petris qselis sxvadasxva tipebi 4.19 naxazzea 

mocemuli. 

 
 

nax.4.19. droiTi petris qselis tipebi 

 

cxadia, petris qselebis droiTi gafarToebis Semotana 

modelirebisas axal problemebs warmoSobs. magaliTad, 
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tranzaqciul-droiT petris qselebSi gasarkvevia, Tu rogor 

unda vmarToT im gadasasvlelTa dayovnebis droebi, 

romlebmac „Sejibris“ Sedegad markeri dakarga da xelaxal 

gaaqtiurebas elodeba gasaxsnelad.  

arsebobs axali, droiTi dayovnebis gansazRvris 2 

varianti: dafiqsirdeba markeris dakargvisas darCenili dro 

(Continue) da gadasasvlelis Semdgomi gaaqtiurebisas drois 

„Camoyra“ darCenili droidan gagrZeldeba an droiTi 

dayovnebis sawyisi mniSvneloba xelaxla ganisazRvreba 

(Restart). am variantebze dayrdnobiT mTlianad tranzaqciul-

droiTi petris qselebiTvis droiT gafarToebaTa 

modificirebis 3 strategia ganisazRvreba: 

 sruli restarti (Resampling) – nebismieri 

gadasasvlelis gaxsnisTanave qselis yvela gadasasvlelis 

dayovnebis dro Tavidan ganisazRvreba, aranairi informacia 

ar inaxeba 

 nawilobrivi restarti (Enabling Memory) – 

markerwarTmeuli gadasasvlelebis dayovnebis dro Tavidan 

ganisazRvreba (restarti), xolo danarCenebi (romlebic 

gaaqtiurebulia) Cveulebrivad agrZelebs drois „Camoyras“. 

 drois Senaxva (Age Memory) – gadasasvlelis 

gaSvebisas yvela gadasasvlelis mimdinare dro inaxeba da 

gadasasvlelis Semdgomi gaaqtiurebisas droiTi dayovneba 

Senaxvis droiTi punqtidan agrZelebs Semcirebas.   

unda aRiniSnos, rom dasaSvebia hibriduli petris 

qselebis ageba droiTi da aradroiTi elementebiT, rac 

xSirad sistemebis modelirebis da analizis yvelaze 

efeqtur instruments warmoadgens. droiTgafarToebiani, 

hibriduli, feradi petris qselis kompleqsuri magaliTi 

4.20 naxazzea gamosaxuli. 
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nax.4.20. droiTi feradi petris qseli martivi  

qseluri protokolisTvis 
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4.5.4. stoqasturi petris qselebi 

tranzaqciul-droiT petris qselebs, sadac 

gadasasvlelis dayovnebis dro SemTxveviT ganawilebul 

eqsponencialur funqcias warmoadgens, albaTuri anu 

stoqasturi petris qselebi (Stochastic Petri Nets) ewodeba. 

stoqasturi petris qseli, romelic droiTTan erTad 

aradroiT (myisier) gadasavlelebsac Seicavs, ganzogadebul 

stoqastur petris qsels (Generalized Stochastic Petri Nets) 

warmoadgens [19]. amgvari qselis qceva albaTuri (magaliTad, 

markovis) procesebiT aRiwereba.  

maTematikurad stoqasturi petris qseli miiReba 

petris qselis gansazRvrebaze Λ = {λ1, λ2,… λm} simravlis 

damatebiT, sadac gadasasvlelTa gaSvebis dro aris 

eqsponencialurad ganawilebuli da SemTxveviTi λi sididis 

ganawilebaa: 

xi

i
e1)x(F



   

stoqasturi petris qselis magaliTi mocemulia 4.21 

naxazze, sadac gadasasvleli T1 nebadarTulia M0=(1,0,0,0,0) 

sawyis markirebaSi.  

gadasasvlelis dayovnebis dro eqsponencialuradaa 

ganawilebuli da damokidebulia λ1 sidideze (gadasasvlelis 

koeficienti), ise rom gadasasvlelis gaxsnis saSualo dro 

aris 
1

1


. 

T1-is gaxsnis Semdeg miiReba markireba M1=(0,1,1,0,0). 

axla paralelurad nebadarTulia gadasasvlelebi T2 da T3. 

Tu pirvelad gaixsna T2, maSin miiReba markireba  

M2 = (0,0,1,1,0), xolo Tu T3,  maSin -  M3 = (0,1,0,0,1). 
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nax.4.21. stoqasturi petris qseli: a - miRwevad markirebaTa 

`siiT~; b - ekvivalentur markovis jaWviT 

 

momdevno markirebebi ukve imazea damokidebuli, 

„Sejibrs“ romeli gadasasvleli moigebs.  

albaToba imisa, rom pirvelad T2  gadasasvleli 

gaixsneba, aris: 

 

analogiurad, T3  gadasasvlelisTvis gveqneba: 
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32

3
3]T[P




 . 

am formulebiT cxadi xdeba isic, rom markirebaTa 

cvlilebis albaTobebi garkveul wina markirebebSi yofnis 

droze (`winaistoriaze”) ar aris damokidebuli.  

stoqasturi petris qselebis warmodgena da 

raodenobrivi analizi SeiZleba Sesabamisi markovis 

procesebis analiziT ganxorcieldes, rac aseve 4.21 naxazzea 

asaxuli. am mZlavri maTematikuri aparatis integracia 

stoqastur petris qselebs mimzidvel modelirebis 

saSualebad aqcevs, gansakuTrebiT konfliqtebis 

modelirebisTvis. 

 

4.5.4. obieqturi petris qselebi 

 
Object Petri Nets (da misi gafarToebebi: obieqt-

orientirebuli da maCvenebliani petris qselebi) petris 

qselebis Teoriisa da obieqt-orientirebuli daprogramebis 

Teoriis SejerebiT miRebuli petris qselis tipia [19]. 

obieqturi petris qseli erTi sistemuri da ramdenime 

obieqturi qselisgan Sedgeba, sadac obieqturi qselebi 

markerTa rolSi gamodis. faqtobrivad, miiReba petris 

qselebis simravle erTi petris qselis poziciebSi.  

obieqturi qselebi elementarul sistemur qselebs 

warmoadgens, xolo sistemuri qseli maRali donis petris 

qselia, romlis poziciebSic daSvebulia rogorc obieqturi 

qselebis, aseve Cveulebrivi Savi markerebis arseboba, oRond 

ara erTsa da imave poziciaSi. Sesabamisad, rkalis anotacia 

SeiZleba iyos naturaluri ricxvi Savi markerebisTvis an 
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obieqturi qselebis gansazRvrul identifikatorTa 

simravle.  

sistemuri qselis yovel gadasasvlels SeuZlia 

obieqturi qselis gadatana araumetes erTi Semavali 

poziciidan araumetes erT gamomaval poziciaSi. amasTanave 

erT gaSvebaze araumetes erTi obieqturi qselis gadatanaa 

nebadarTuli.  

obieqtur petris qselebs sxva tipis petris 

qselebisgan gadasasvlelis rolis zrdac gamoarCevs: 

sistemuri da obieqturi qselebis zogierT gadasasvlels 

emateba specialuri funqcia, romelsac interaqcia ewodeba. 

interaqcia 2 tipisaa: sistem-obieqturi da obieqt-

obieqturi. pirveli sistemuri da obieqturi qselebis 

gadasasvlelTa sinqronul urTierTobas uzrunvelyofs, 

meore – obieqturi qselebis urTierTsinqronizacias.  

sistem-interaqciuli gadasasvlelis gaSvebis wesi 

Semdegia: Tu sistemuri qselis gadasasvleli interaqciulia 

da misi interaqcia qselSi markeris saxiT moZravi 

obieqturi qselis nebadarTul interaqcias Tanxvdeba, maSin 

sistemuri qselis interaqciuli gadasasvlelis gaSvebisas 

qselSi moZraobis paralelurad gaixsneba obieqturi qselis 

interaqciuli gadasasvlelic.  

sxva SemTxvevaSi (Tu interaqciebi ar Tanxvdeba, an 

sistemuri an obieqturi qselis gadasasvlelebi interaqciebs 

ar Seicavs), obieqturi qseli sistemurSi ucvleli saxiT 

gadaadgildeba. swored amgvari midgoma ganapirobebs 

obieqturi petris qselebis obieqt-orientirebul xasiaTs. 

zemoT ganxiluli feradi petris qselebi 

struqturuli daprogramebis TeoriasTan mWidro kavSirSi 

imyofeba, Sesamabisad, SesaZlebelia feradi petris 

qselebidan moqnili gadasvla obieqtur petris qselebze 

(rogorc struqturulidan obieqtorientirebuli 

daprogramebis ideologiaze) garkveuli axali Tvisebebis 

SemotaniT.  
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ramdenime martivi Sesabamisoba obieqt-orientirebul 

daprogramebasa da obieqtur petris qselebs Soris 4.1 

cxrilSia mocemuli. 
obiqt-orientirebuli daprogramebisa da obieqturi 

petris qselebis ekvivalenturi elementebi 
 

cxr.4.1 

obieqt-orientirebuli 

daprogrameba 
obieqturi petris qselebi 

programuli moduli sistemuri qseli 
klasi obieqturi qselis gansazRvreba  
obieqti obieqturi qseli konkretuli 

markirebiT 
cvladi sistemuri qselis markeri 

klasis wevri-cvladi obieqturi qselis markeri 
gare funqcia sistemuri qselis interaqciuli 

gadasasvleli 
klasis wevri-funqcia obieqturi qselis gadasasvleli 

gavavloT paraleli: gare funqcias (sistemuri qselis 

gadasasvleli) klasis wevri-cvladis (obiqturi qselis 

markeri) modificireba (sxva poziciaSi gadanacvleba) 

SeuZlia mxolod mocemuli klasis obieqtis (markirebuli 

obieqturi qseli) gavliT, Sesabamisi wevri-funqciis 

gamoZaxebiT (interaqciuli gadasasvlelis gaSveba), rogorc 

es 4.22 naxazzea mocemuli. 

sistemuri qselis (SN) gadasasvleli T1 da obieqturi 

qselebis (ON1, ON2, ON3) b1-gadasasvlelebi Seicavs 

erTnair sistem-obieqtur interaqciebs (<i1>), rac niSnavs, 

rom Tu T1-is gaxsnisas obieqturi qseli ON1 

gadaadgildeba, maSin igi gamoiyenebs erT Sav markers P2 

poziciidan da gadasasvlelis gaxsnisas P1-dan moxvdeba P3 

poziciaSi da amavdroulad obieqtur qsel ON1-Si markeri 

a1 poziciidan a2-Si moxvdeba b1-is gaxsnis Sedegad. 

obieqtur qselebSi gadasasvlel b2-isTvis 

gansazRvrulia obieqt-obieqturi interaqcia [r], romelic 

obieqtur qselebs sistemur qselSi poziciis Seucvlelad 

sakuTari Sida markerebis gadaadgilebis saSualebas aZlevs.  
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nax.4.22. sistemuri da obieqturi qselebis  

markirebaTa cvlilebebi 

magaliTad, 4.22 naxazis qveda nawilSi obieqturi 

qselebi ON1 da ON2 sistemuri qselis P3 poziciaSi 

imyofeba da radgan maTi b2 gadasasvlelebi nebadarTulia, 

isini gaiSveba kidec sinqronulad P3 poziciis datovebis 

gareSe, ris Semdegac ukve sistemuri qselis T2 

gadasasvlelic nebadarTuli gaxdeba. 
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V Tavi:  

praqtikuli amocanebis gadawyvetis 

magaliTebi rigebis Teoriis da petris 

qselebis gamoyenebiT 

5.1. servisuli resursebis marTvis 

maxasiaTeblebis kvleva 

masobrivi momsaxurebis Teoriis mixedviT, pirobiTad 

„momsaxure organos” saxiT SeiZleba ganvixiloT 

korporaciuli organizaciis (banki, Semosavlebis samsaxuri 

an sxv.) TanamSromeli (momxmarebelTan uSualo kontaqti) an 

kompiuteruli qselis serverze ganTavsebuli servisebi 

(programuli produqtebi monacemTa bazebiT). 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 amave 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 [53]. Cveni mizania SevimuSavoT servis-orientirebuli 

arqiteqturis kompiuteruli sistemisTvis servisebis 

realizaciis algoriTmuli sqemebi da Sesabamisi programuli 
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paketebi, romelTa daniSnulebacaa qselis momxmarebelTa 

moTxovnebis dakmayofileba am servisebiT da kompiuteruli 

qselis simZlavreebis analizi da maTi optimaluri 

ganawileba. 

5.1.1. procesebis kvleva statikur reJimSi 

masobrivi momsaxurebis meTodebiT 

pirvel etapze avagoT da gamovikvlioT ganawilebuli 

sistemis servisuli resursebis marTvis procesis masobrivi 

momsaxurebis modeli stacionaruli reJimisaTvis [53].  

ganvixiloT korporaciuli qselis modeli, sadac aris 

ramdenime momxmarebeli da ramdenime serveri (momsaxure) 

servisebiT. 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 (Ni, i=1,6), miiRebs ra moTxovnas gamanawilebeli 

serveridan (Nmain), emsaxureba mas garkveuli servisebiT da 

Sedegebs ubrunebs isev gamanawilebel servers, romelic, 

Tavis mxriv pasuxs agzavnis momxmarebelTan (nax.5.1). 

ნახ.5.1 
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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 TvalsazrisiT zemoT aRwerili 

sistema aris M/M/m tipis.  

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 
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albaToba imisa, rom sistemaSi sakmarisad didi drois 

gasvlis Semdeg imyofeba k moTxovna, gamoixateba Pk-Ti. 

servisul programul paketebSi 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, an rac igivea, serveris 

datvirTva unda iyos erTze naklebi, e.i.  u < m  an ρ < 1.  

M/M/n 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: 

 
momxmareblisTvis didi mniSvneloba aqvs moTxovnis 

rigSi dgomis (mocdis) saSualo dros, igi gamoiTvleba 

formuliT: 

 
aucilebelia ganvsazRvroT moTxovnis sistemaSi yofnis 

saSualo dro: Tq = Tw + Ts.  
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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: 

 
winaaRmdeg SemTxvevaSi: 

 
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 

 
roca k <= m  da   

 
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 

 
Tuki qselSi aris m an m-ze naklebi moTxovna, maSin im 

moTxovnebis raodenoba, romlebic rigSi dgas 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: 
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albaToba imisa, rom x moTxovna dgas rigSi: 

 

momlodine moTxovnaTa saSualo ricxvi: 

 
reJims. Cven 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. 

5.2 naxazze mocemulia C++ enis instrumentiT agebuli 

momxmareblis interfeisi, romelic muSaobs vizualuri da 

tradiciuli daprogramebis komponentebis reversuli 

teqnologiiT. 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. 
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nax.5.2 

RilakiT „diagrama“ gamoitaneba gaangariSebis Sedegad 

miRebuli grafikebi (nax.5.3).  

 
nax.5.3 
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mocemulia programulad miRebuli diagrama serveris 

datvirTvis damokidebulebisa moTxovnaTa mosvlis sixSireze 

serverebis sxvadasxva raodenobisaTvis (magaliTad, 3-:-7). 

5.4 da 5.5 naxazebze mocemulia diagramebi moTxovnaTa 

rigSi dgomis drois damokidebulebisa moTxovnaTa mosvlis 

sixSireze serverebis sxvadasxva raodenobis dros (3-:-6). 

bolo diagramaze kargad Cans, Tu rogor iklebs moTxovnaTa 

rigSi dgomis dro momsaxure arxebis momatebiT. 

nax.5.4 

nax.5.5 
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5.1.2. procesebis kvleva dinamikur reJimSi  

petris qselebiT 

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 [19].  

petris qselis droiTi gafarToeba Cvens SemTxevaSi 

iqneba albaTuri (stoqasturi). amgvarad, aseTi qselis 

analizi SesaZlebelia markovis meTodebis gamoyenebiT, 

romelSic dro eqsponencialuradaa ganawilebuli [36,53].   

stoqasturi petris qselis misaRebad saWiroa 

„pozicia-gadasasvlelebis qsels" daematos gadasasvlelTa 

gaSvebis (dayovnebis, molodinis) droTa momentebi 

(magaliTad, μ1, μ2, . . . , μn). ganvixiloT kerZo magaliTi 

korporaciuli qselisaTvis, ori serveriT da sami klientiT. 

5.6 naxazze mocemulia stoqasturi petris qselis 

sawyisi mdgomareoba. markeris arseboba S1(p1,p2,p3) da 

S2(p7,p8,p9) serverebSi niSnavs maT mzadyofnaze klientebis 

momsaxurebisaTvis.  

nax.5.6. stoqasturi petris qselis sawyisi  

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

markerebi mudmivadaa, e.i. moTxovnebi arsebobs da isini 

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. Cven SemTxvevaSi m=3 da n=2, 

amitom kombinacia iqneba m
n = 9. 

gadasasvlelebis gaxsnis organizeba, roca sistema 

yvela mdgomareobas gadis naCvenebia 5.7 naxazze, romelsac 

petris qselis miRwevadobis grafs uwodeben. 

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. 
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nax.5.7. petris qselis miRwevadobis grafi 

 

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 

mdgomareobidan meoreSi gadasvlis intensivoba μ aris 

serveris mier Sesabamisi klientis moTxovnis 

momsaxurebisaTvis saWiro drois Sebrunebuli sidide, e.i. 

1/Ts. am gantolebaTa sistemis amoxsniT gausis meTodiT  

miviRebT sistemis erTi mdgomareobidan meoreSi gadasvlis 

albaTobebs P
0
, P

1
, P

2
, . . . , P

8
. 

5.6 naxazze warmodgenili petris qselis grafisTvis 

PetEdit redaqtorSi avagoT Sesabamisi modeli. serverebisTvis 

SevirCioT pirobiTad gansxvavebuli mwarmoebluroba, kerZod 

erTi amuSavebs moTxovnebs 1 wm-Si, meire ki - 2 wamSi (am 

mniSvnelobebis cvlilebiT SesaZlebelia Semdgomi 

eqsperimentebis Catareba).   

5.8 naxazze naCvenebia miRebuli petris qselis modeli 

da simulaciis Sedegebi. 10 da 11 poziciebi asaxavs 

serverebis mier Sesrulebuli procedurebis jamur 

raodenobas.      

rogorc diagramebidan Cans, pirveli serveris 

swrafqmedebis, an servisebis damuSavebis procedurebis 

xangrZlivoba TiTqmis orjer naklebia. amitomac Sedegebi  

me-10 poziciaSi orjer metia. Tu serveruli sistemebisTvis 

moxdeba servisuli operaciebis damuSavebis drois 

winaswar gansazRvra, maSin Sedegebic Sesabamisad 

aisaxeba. 
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nax.5.8. petris qselis simulaciis reJimi  

maxasiaTeblebiT 

 

 
5.2. ganawilebuli sistemebis resursebis 

administrirebis amocanebi 

5.2.1. Cixuri situaciebis marTva 

ganixileba operaciul sistemebis platformaze 

monacemTa bazebis failebis koleqtiuri gamoyenebis dros 

Cixuri procesebis arsebobisa da maTi gamoricxvis 

SesaZleblobani. SemuSavebulia aseTi procesebis marTvis 

modeli petris qselis instrumentis safuZvelze. 

Catarebulia am modelis imitaciuri gamokvleva da agebulia 

Sesabamisi droiTi maxasiaTeblebi [54,55]. 
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Tanamedrove multiprocesorul sistemebSi, maT Soris 

lokalur kompiuterul qselebSi, romlebic gamoTvliTi 

resursebis saerTo gamoyenebis koncefcias eyrdnoba, 

gansakuTrebuli mniSvneloba eniWeba procesebis efeqturad 

organizaciis sakiTxs Cixuri situaciebis aRmosafxvrelad.  

procesi Cixuria (deadlock), Tu igi elodeba iseTi 

xdomilebis Sesrulebas, romelic arasodes moxdeba. ori an 

ramdenime procesi SeiZleba moxvdes CixSi, Tu TiToeuli 

maTgani ablokirebs resursebs (magaliTad, monacemTa bazis 

cxrilebs, an mis fragmentebs), romlebic esaWiroeba sxva 

procesebs da TviTon ki moiTxovs iseT resursebs, romlebic 

blokirebulia sxva procesebis mier. operaciul sistemas 

Cven ganvixilavT rogorc 

gamoTvliTi resursebis 

administrators, xolo resursebad 

gvevlineba centraluri procesori, 

operatiuli mexsiereba, diskoebi, 

failuri sistemebi, programebi da 

monacemTa bazebi, printerebi, 

qseluri arxebi da a.S.  

5.9 naxazze naCvenebia elementaruli Cixuri operaciis 

magaliTi, Cawerili petris qselis grafiT. aq Proc1, Proc2 

procesebia, xolo Res1, Res2 - resursebi. pozicia-

gadasasvlelTa SemaerTebeli rkalebi Semdegi 

daniSnul;ebiTaa: I1 : Res1-resursi gamoeyo Proc1-process; O1: 

  Proc1-procesi moiTxovs Res2-resurss;  I2 : Res2-resursi 

gamoeyo Proc2-process; O2: Proc2-procesi moiTxovs Res1-

resurss.  

rogorc naxazidan Cans, Proc1 process blokirebuli 

aqvs Res1 resursi da muSaobis gasagrZeleblad sWirdeba 
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Res2 resursi. Proz2 process ki piriqiT, blokirebuli aqvs 

Res2 resursi da muSaobis gasagrZeleblad sWirdeba Res1 

resursi. amgvarad, orive procesi imyofeba mudmivad 

molodinis reJimSi. 

Cixuri procesebis arsebobisaTvis oTxi aucilebeli 

piroba iqna gansazRvruli [54]. urTierTgamoricxvis 

(procesebs aqvs resursebis monopoluri gamoyenebis 

ufleba), damatebiTi resursebis molodinis (procesebs aqvs 

ukve gamoyofili resursebi, magram elodeba damatebiTs), 

aragadanawilebadobis (procesebs ar SeiZleba CamoerTvas 

resursebi  maT saboloo Sesrulebamde) da wriuli 

molodinis (arsebobs procesebis wriuli jaWvi, romelSic 

yoveli procesi ablokirebs erT an ramdenime resurss, 

romelic esaWiroeba jaWvSi momdevno process). 

Cixuri procesebis marTvis problema operaciul 

sistemebSi ganixileba Semdegi amocanebis gadawyvetiT: 

- Cixebis Tavidan acileba. Tu Cixebis arsebobis aRwerili 

pirobebidan moxerxdeba erTi an ramdenime pirobis moxsna, 

maSin SesaZlebelia Cixebis aRmocenebis Tavidan acileba; 

- Cixebis gerdis avla. aq principulad dasaSvebia Cixuri 

situaciis arseboba, magram misi moaxlovebisas miiReba 

Sesabamisi gamafrTxilebeli zomebi. am dros SesaZlebelia 

resursebis ufro racionaluri gamoyeneba, vidre wina 

SemTxvevaSi; 

- Cixebis aRmoCena. am dros Cixuri situaciebi 

lokalizdeba da operators miewodeba saTanado informacia 

maT Sesaxeb; 

- Cixuri situaciis aRdgena. esaa Cixuri situaciidan 

gamosvla mimdinare muSaobis Sedegebis garkveuli 

danakargebiT.   

axla ganvixiloT konkretuli SemTxvevva ori 

procesisTvis (Proc1, Proc2), romlebic ori saerTo resursis 
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(Res1, Res2) gamoyenebiT asruleben garkveul proceduraTa 

mimdevrobas. 5.10 naxazze warmodgenilia Sesabamisi petris 

qselis grafi sawyis da Sualedur (Cixur) mdgomareobaSi. 

 a) 

   b) 
nax.5.10. sawyisi mdgomareoba (a),  

Cixuri situacia blokirebuli resursebiT (b) 
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orive resursi blokirebulia Sualedur proceduraSi 

da elodeba meore resurss. am SemTxvevaSi petris qseli 

uZluria procesis gasagrZeleblad. saWiroa damatebiTi 

rkalebis Semotana, romlebic uzrunvelyofs blokirebuli 

resursebis gaTavisuflebas.  

5.11 naxazze damatebulia aRniSnuli rkalebi. aqve 

naCvenebia konfliqtur gadasasvleTa jgufi.  

 

 
nax.5.11. konfliqturi jgufis gadasasvlelbi 

 

5.12 naxazze naCvenebia petris qselis grafis imitaciis 

procesis Sedegebi, maTi calkeuli poziciebis droiTi 

diagramebiT. sqemaze Proc1-is gadasasvlelebis (proceduraTa 

Sesrulebis) dayovnebis dro aris, pirobiTad, 1 wm, xolo 

Proc2-is 10 wm. 

monacemTa ganawilebuli bazebis administrirebisaTvis 

nebismieri operaciuli sistemis platformaze, Cixuri 

procesebis marTva, anu aRmoCena da misi drouli gamoricxva  

SesaZlebelia Sesabamisi procesebis modelirebiT petris 

qselis grafo-analizuri instrumentis safuZvelze, rac 
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zemoT iyo ilustrirebuli. agebuli modelis imitaciuri 

procesis gamokvleva iZleva Sesabamis droiTi maxasiaTeblebs 

garkveuli daskvnebis gasakeTeblad. 

 

 
nax.5.12. procesebis Sesrulebis droiTi  

maxasiaTeblebi 
 

5.2.2. Cixebis aRmofxvris algoriTmebi 

 
rogorc aRvniSneT, qseluri sistemebis modelirebis 

procesSi erTerT mTavar problemas Cixuri situaciebis 

warmoSoba warmoadgens. ganawilebul sistemaSi Cixi 

warmoiSoba maSin, roca ori qvesistema erTdroulad 

urTierTlodinis mdgomareobaSi imyofeba an konfliqtia 

romelime resursisTvis [19].  
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pirveli SemTxveva simptomaturia operaciuli 
sistemebis procesebisa da qseluri protokolebisTvis.  

5.13-a naxazze mocemulia elementaruli petris qseli 

tipuri SemTxvevisaTvis (`cnobebis gagzavna-miRebis amocana”).  

nax.5.13-a. `cnobaTa gagzavna-miRebis” amocanis  

sawyisi markireba 

aq ori procesi (an qselis kvanZi) erTmaneTs cnobebs 

(mesijebs) ugzavnis informaciis gasacvlelad, amasTan 

informaciis morigi porciis gasagzavnad aucilebeli pirobaa 

dasturis miReba wina Setyobinebis warmatebiT misvlis 

Sesaxeb.  

informaciis gagzavnis da dasturis miRebis operaciaTa 

erToblioba aris seansi. L-procesi gzavnis cnobas 

(gadasasvleli Act-L) da gadadis lodinis mdgomareobaSi 

(pozicia Pending-L). procesi R Setyobinebis miRebisTanave 

gamodis pasiuri mdgomareobidan (Quiet-R) da gzavnis miRebis 

dasturs (gadasasvleli Echo-R), ris Semdegac ubrundeba 

pasiur mdgomareobas (gadasasvleli Return-R).  
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dasturis mosvla gawyvitavs L-procesis lodinis 

mdgomareobas (gadasasvleli Terminate-L) da daabrunebs mas 

pasiur mdgomareobaSi (pozicia Quiet-L). orive procesis 

pasiur mdgomareobaSi dabrunebiT procesi sruldeba.  

amgvar sistemaSi Cixi warmoiSoba maSin, roca orive 

agenti erTsa da imave procesSi gadawyvets cnobis gagzavnas 

(nax.5.13-b). am dros orive procesi usasrulod elis 

adresatisgan dasturis mosvlas (petris qselis yvela 

gadasasvleli blokirebulia). 

nax.5.13-b. Cixi 

Cixis Tavidan asacileblad SemuSavebulia algoriTmi 

CrossTalk, rac petris qselSi 2 specialuri gadasasvlelis 

Camatebas gulisxmobs (TiTo-TiTo procesisTvis), romelTac 

sistemis Cixidan gamoyvana SeuZlia (nax.5.14). 
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nax.5.14. Cixis aRmofxvris CrossTalk-algoriTmi 

gadasasvleli CrossTalk erT process aZlevs uflebas 

meoris mdgomareoba Seamowmos da Tavad lodinis 

mdgomareobaSi myofma, Tu daadgina, rom meore procesic 

icdis, gawyvitos lodini da pirdapir dasturis miRebis 

mdgomareobaSi gadavides. 

daprogramebis terminebiT es niSnavs, rom logikuri 

cvladi, romelic procesis mdgomareobis mniSvnelobas 

inaxavs, lokaluridan (mxolod Tavisi procesisTvis 

gamoyenebadi) globalur cvladad unda gardaiqmnas, 

romelTan mimarTva (da saWiroebisamebr mniSvnelobis 

Secvlac) ramdenime process SeeZleba. 

5.14 naxazze mocemuli petris qselic `cnobebis 

gagzavna-miRebis” amocanis srulyofili modeli araa. qselSi 

Cixi ukve gamoiricxa, magram semantikurad igi jer kidev 

dasamuSavebelia. kerZod, rig sistemebSi (pirvel rigSi, 
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kompiuterul qselebSi) monacemTa morigi paketis gagzavna 

akrZalulia manam, sanam wina paketis warmatebiT miRebis 

Sesaxeb dasturi ar mova, anu morigi seansis dawyebamde 

yoveli wina seansi bolomde unda iqnas miyvanili.  

5.14 naxazze es wesi irRveva (seansis Secdoma), 

magaliTad, gadasasvlelTa Semdegi mimdevrobiT gaSvebisas 

"Act-L –> Echo-R –> Return-R –> Act-R –> CrossTalk-L". am 

dros poziciaSi "Sent-R" moxvedrili markeri ekuTvnis 

sistemis axal (meore) process (R-dan L-Si cnobis gagzavna) 

da igi aRwevs L-process manam, sanam es ukanaskneli pirvel 

process daasrulebdes (qvesistema L pasiur mdgomareobaSi 

jer kidev ar gadasula anu R-idan dasturi ar miuRia).  

pirveli procesi dausrulebeli darCeba, rac proces 

R-is mier dabrunebuli dasturis “dakargvas” niSnavs. 

problemis mosagvareblad qsels ori axali pozicia 

(Finished-L da Finished-R) emateba, romlebic "procesis 

dasasrulis" mdgomareobas gamosaxavs (nax.5.15).  

 
nax.5.15. proces-orientirebuli CrossTalk 
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aq mocemul petris qselSi axali poziciebi ukve 

gamoricxavs procesis mier axali procesis dawyebas Zvelis 

dasrulebamde, amasTan mocemuli petris qseli procesebis 

paralelizmsac amodelirebs: L- da R-procesebs cnobebis 

paralelurad gagzavna-miReba SeuZlia.  

amasTan, modeli ver wyvets  sinqronizaciis amocanas, 

romelic daismeba im SemTxvevaSi, Tu procesebi cnobebis 

gagzavna-miRebisTvis ara 2 urTierTdamoukidebel, aramed 

erT, saerTo gadacemis fizikur arxs iyenebs.  

Tu am dros orive procesi informacias paralelurad 

gagzavnis, isini gzaSi Sexvdeba da erTmaneTs daamaxinjebs, 

xolo damaxinjebis faqts 5.15 naxazze mocemuli petris 

qseli ver asaxavs, amitom saWiroa prioritetebis SemoReba 

im mizniT, rom mocemul drois momentSi informaciis 

gadacema mxolod erTi procesisTvis iyos SesaZlebeli.  

martiv SemTxvevaSi erTi procesi meoris mimarT 

calsaxad prioritetulia, anu erTi procesis CrossTalk-

gadasasvleli gaiSveba meorisaze adre da procesis mimdinare 

procesic meore sistemis Sesabamis procesze adre 

damTavrdeba.  

ufro rTuli variantia petris qseli alternatiuli 

prioritetebiT, romelic 5.16 naxazzea gamosaxuli. 

alternatiul-prioritetebiani petris qselis modeli 

erTdroulad paralelizmisa da sinqronizaciis amocanebs 

wyvets, mxolod im pirobiT, rom qselis muSaobas L-procesi 

iwyebs. 

orive procesis mxridan cnobebis erTdrouli gagzavnis 

SemTxvevaSi L-procesi kavSiris arxis monopoluri 

mflobeli xdeba da pirveli iyenebs alternatiul 

gadasasvlels (CrossTalk-L) R-procesis sakontrolo 

markeris miTvisebis xarjze (Sent-R poziciidan), Tavisi 

bijis SesrulebisTanave gadava Answered-L poziciaSi (“R-

procesisgan cnoba miRebulia”) da “aiZulebs” R-process 

cnobis xelaxla gagzavnas (Quiet-R poziciidan, romelic am 

operaciebis Sedegad markers xelaxla Rebulobs). 
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nax.5.16. `informaciis gagzavna-miRebis” sistema  

alternatiuli prioritetebiT 

 

amjerad L-procesi cnobas Cixuri situaciis gareSe 

miiRebs da process daasrulebs, ris Semdegac mmarTvel 

funqcias ukve R-procesi aiRebs da morigi procesi daiwyeba. 

 
5.3. urTierTgamoricxvis algoriTmebi 

 

urTierTgamoricxvis problema yvelaze gamokveTilad 

operaciuli sistemebis, kompiuteruli qselebis da 

monacemTa bazebis marTvis sistemebis daproeqtebisas 

warmoiSoba, roca ramdenime procesi saerTo resursebs 

inawilebs. resursebTan erTdrouli mimarTva xSirad Cixur 

situaciebs warmoSobs an resursebis arasasurvel 

ganawilebas ganapirobs [19]. 
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urTierTgamoricxvis algoriTmebs MUTEX-algoriTmebi 

maTi inglisuri saxelwodebis Semoklebuli variantis 

mixedviT ewodeba (MUTual EXclusion - `urTierTgamoricxva").  

algoriTmebis arsis gasagebad warmovidginoT sistema, 

romelic Sedgeba ori qvesistemisagan (an romelSic 2 

procesi muSaobs) - L da R. TiToeuli procesis moqmedeba 

SezRudulia sam mdgomareobaSi cikluri gadasvlebiT. esenia 
pasiuri, lodinis da kritikul ubanze muSaobis 

mdgomareobebi.  

pasiuri mdgomareobidan lodinis mdgomareobaSi orive 

procesi urTierTdamoukideblad gadadis. kritikuli ubnis 

mdgomareobaSi orive procesis erTdroulad yofna ar 

SeiZleba (urTierTgamoricxvis Tviseba).   

vercerTi procesi lodinis mdgomareobidan pasiurSi 

ise ver dabrundeba, Tu kritikuli ubani ar gaiara 

(evoluciurobis Tviseba). 

arsebobs MUTEX-is 2 sawyisi algoriTmi resursebis 

`ukiduresad usamarTlo” da `ukiduresad samarTliani” 

ganawilebisTvis. maT mxolod Teoriuli Rirebuleba gaaCnia. 

konfliqturi MUTEX-algoriTmi (nax.5.17-a) erTi 

procesisgan saerTo resursis mudmivi miTvisebis 

SesaZleblobas asaxavs. suraTze key resursisaTvis 

procesebs konfliqti mosdiT da misi gadaWris saSualebac 

ar Cans, orive process SeuZlia miitacos resursi da 

kritikul ubanze ramdenjerac unda, imdenjer imuSaos. 

alternatiul MUTEX-algoriTmSi (nax.5.17-b) 

resursebi yovelTvis samarTlianad nawildeba, zedmetad 

samarTlianadac. erTi procesi kritikuli ubnidan 

gamosvlisas meores acnobebs, rom kritikul ubanze muSaoba 

daasrula, ris Semdegac meore procesi valdebulia 

kritikul ubanze imuSaos, sxvagvarad pirveli procesi 

xelaxla ver moxvdeba kritikul ubanze da piriqiT.  
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realuri sistemebis umravlesobisTvis amgvari midgoma 

(iseve, rogorc konfliqti saerTo resursisTvis) 

miuRebelia. 

 
nax.5.17-a. konfliqturi MUTEX-algoriTmi 

 

 
nax.5.17-b. alternatiuli MUTEX-algoriTmi 

 
problema gadawydeba, Tu avagebT mdgomareobis 

Semowmebis MUTEX-algoriTms (nax.5.18). masSi procesebs 

specialuri almebis noncrit-L da noncrit-R saSualebiT 
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erTmaneTis mdgomareobis Semowmeba SeuZlia da roca 

kritikuli ubani Tavisufalia, TiToeul process masSi 

imdenjer SeuZlia moxvdes, ramdenjerac unda. 

 

 
nax.5.18. mdgomareobis Semowmebis MUTEX-algoriTmi 

 

5.3.1. markeruli MUTEX-algoriTmi 

 

samive zemoaRniSnuli algoriTmi arasrulyofilia. 

gacilebiT misaRebi iqneba, procesebs erTmaneTisagan 

kritikul ubanze muSaobis uflebis moTxovna da nebarTvis 

gadacema rom SeeZlos. amgvar sistemas markeruli MUTEX-

algoriTmi aRwers (nax.5.19). 

markeri kritikul ubanze muSaobis uflebas 

warmoadgens, romelsac drois mocemul momentSi mxolod 

erTi procesi flobs (markeri poziciaSi Avail-L an Avail-

R). process kritikul zonaSi moxvedra mxolod markeris 

flobis SemTxvevaSi SeuZlia, xolo Tu markeri ar gaaCnia, 

SeuZlia meore procesisgan misi moTxovna (pozicia 

Requested-L an Requested-R), romelic markeris mflobelma 

procesma SeiZleba daakmakofilos da TviTon umarkerod 

darCes (pozicia Granted-L an Granted-R) an ar 

daakmayofilos da isev TviTon gavides kritikul ubanze. 
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nax.5.19. markeruli MUTEX-algoriTmi 

naxazze markers L-procesi flobs (pozicia Avail-L) da 

moqmedebis ori varianti aqvs: a gadasasvleliT kritikul 

zonaSi moxvdeba (pozicia Critical-L) an c-Ti pasiur 

mdgomareobaSi gadava (Silent-L), raTa R-procesma moTxovnis 

SemTxvevaSi markeris miReba SeZlos. kritikul zonaSi 

momuSave L-procesi e gadasasvleliT sawyis mdgomareobas 

daubrundeba da amasTan markers Avail-L poziciaSi abrunebs.  

amiT erTi cikli dasrulebulia, xolo morig cikls 

is procesi iwyebs, romelsac markeri ara aqvs (markers 

moiTxovs). wina ciklis Sesrulebis Sedegis mixedviT 

momTxovni SeiZleba iyos isev R-procesi (Pending-R), Tu 

wina ciklSi markeri ar gadacemula an L-procesi  (Pending-

L) – Tu gadaica. 

5.3.2. pitersonis MUTEX-algoriTmi 

urTierTgamoricxvis amocanis kidev ufro moqnili 

varianti pitersonis MUTEX-algoriTmia, sadac resursis 

misaRebad mzadmyofi procesis lodini sam mdgomareobadaa 

danawevrebuli. magaliTad, L-procesisTvis Pend0-L, Pend1-L 
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da Pend2-L (nax.5.20). Pend0-L pozicias Teoriuli 

Rirebuleba ar gaaCnia, pasiuri mdgomareobidan (Quiet-L) 

masSi gadasvla algoriTmis Sesrulebis saerTo struqturas 

ar arRvevs.  

magram am mdgomareobis arseboba mocemul petris 

qselSi mainc saWiroa, radgan masSi gadasvliT procesi 

gamoTqvams survils (da ara pretenzias) kritikul zonaSi 

muSaobis nebarTvaze (anu meore process jerjerobiT xels 

ar uSlis), rac realuri sistemebis daprogramebisas 

SeiZleba gaxdes saWiro.  

algoriTmSi 4 alami, igive sakvanZo poziciaa: Finished-

L da Finished-R (procesis dasasruli),  At-L da At-R 

(kritikul zonaSi samuSao nebarTvis markerebi). 

 
nax.5.20. pitersonis MUTEX-algoriTmi 

am oTx poziciaSi markerebis arseboba  gansazRvravs 

procesebis kritikul zonaSi moxvedris mimdevrobas. kerZod, 

Tu kritikul zonaSi muSaobis survils mxolod erTi,  

L-procesi gamoTqvams (anu poziciaSi Finished-R markeri 

SenarCunebulia), maSin L-procesi kritikul zonas 

daubrkoleblad aRwevs (gadasasvlelTa mimdevroba a-b-c-f), 
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magram sakmarisia R-procesma TviTonac moisurvos kritikul 

zonaSi muSaoba (gadasasvlelebi h-j), rom procesebs 

moqmedebaTa sinqronizacia mouwevs, oRond samarTlianad: 

procesebi erTmaneTs ver `gadauswrebs”, romeli procesic 

markers pirveli moiTxovs, kritikul zonaSic pirveli 

moxvdeba im garantiiT, rom misi kritikuli zonidan 

gamosvlisTanave meore procesic miiRebs masSi moxvedris 

markers (uflebas). 

5.3.3. dekeris MUTEX-algoriTmi 

dekeris MUTEX-algoriTmi pitersonisas garegnulad 

sakmaod hgavs (nax.5.21). ZiriTadi Sinaarsobrivi gansxvaveba 

SemdegSia: pitersonis algoriTmSi At-L pozicia markers 

Rebulobs manam, sanam L-procesi kritikul zonaSi 

moxvdebodes, xolo dekerisaSi - piriqiT, L-procesis 

kritikul zonaSi moxvedris Semdeg. 

 
nax.5.21. dekeris MUTEX-algoriTmi 
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5.3.4. ovicki-lamportis MUTEX-algoriTmi 

aqamde ganxiluli yvela algoriTmi ori Tanaswori 

procesis urTierTqmedebas aRwerda.  

realuri sistemebis umravlesobaSi procesebs eniWeba 

prioritetebi da saerTo resursebTan mimarTvisas 

maRalprioritetiani procesi uflebamosilia dabal-

prioritetiani „gamoaZevos“.  

ovicki-lamportis MUTEX algoriTmSi amgvari 

sistemis modelia warmodgenili. masSi ganawilebuli 

cvladis wakiTxva-ganaxlebis operaciaTa urTierTqmedeba 

aisaxeba (nax.5.22). 

 
nax.5.22. ovicki-lamportis MUTEX-algoriTmi 

sistema ori procesisgan Sedgeba: Camwerisa (Writer) da 

wamkiTxvelisgan (Reader), romlebic saerTo monacemTa 

cvladis mniSvnelobas cvlis (Camweri) an amoikiTxavs 

(wamkiTxveli). Camweri procesi prioritetulia. 

algoriTmi sam alams iyenebs: Writer Detached (Camweri 

moixsna), Writer Involved (Camweri Caeria) da Reader Detached 

(wamkiTxveli moixsna).  
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pirveli da mesame alami Sesabamisad Camwer da 

wamkiTxvel procesebs moxsnis kritikuli ubnidan da meore 

process samoqmedo gzas uxsnis, meore alami ki Camweri 

procesis wamkiTxvelis moqmedebaSi Carevas amodelirebs.  

igi aRkveTs wamkiTxvelisgan cvladis wakiTxvis 

operacias, Tu imavdroulad Camweri cvladis ganaxlebas 

daapirebs. 

procesebis mimdevroba aseTia: Camwers momzadebuli 

aqvs cvladis axali mniSvneloba (pozicia Producing), 

romelic a-b-c gadasasvlelTa mimdevrobis gaxsniT unda 

gadaitanos kritikul zonaSi (pozicia Writing) da 

ganawilebuli cvladis mniSvneloba ganaaxlos.  

davuSvaT, wamkiTxvelmac ukve waikiTxa da gamoiyena 

ganawilebuli cvladis wina mniSvneloba (pozicia Using) da 

moindoma Tavis kritikul zonaSi (pozicia Reading) e-f-g 

gadasasvlelebis gxsnis gziT gadasvla ganawilebuli 

cvladis axali mniSvnelobis wasakiTxad.  

warmoiSoba Cixuri situacia: g gadasasvlelis gaxsna 

akrZalulia, radgan poziciaSi Writer Detached (Camweri 

moixsna) markeri ar aris da verc c gadasasvleli gaixsneba, 

radgan poziciidan Reader Detached (wamkiTxveli moixsna) 

markeri wamkiTxvelma aiRo. Cixidan gamosavals pozicia 

Writer Involved (Camweri Caeria) warmoadgens, romelSic 

arsebuli markeris monawileobiT ixsneba j gadasasvleli da 

wamkiTxveli mdgomareobaSi Failed (wakiTxva CaiSala) 

gadadis, xolo Camweri daubrkoleblad aRwevs kritikul 

zonas, ganaaxlebs cvlads da d gadasasvleliT Tavis 

pirvandel mdgomareobas ubrundeba, ris Semdegac pozicias 

Writer Detached (Camweri moixsna) markeri ubrundeba da 

wamkiTxvels SeuZlia ganawilebuli cvladis wasakiTxad 

axali procesi wamoiwyos (gadasasvlelTa mimdevroba k-f-g). 
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5.4. modelireba da analizi WinPepsy instrumentiT 

5.4.1. `klient-server~ Caketili qselis  

modelireba da analizi 

Caketili qselis Sesaxeb informacia ganxiluli iyo 

me-4 TavSi. axla WinPepsy instrumentis garemoSi avagebT 
konkretuli qselis sqemas da gamovikvlevT mis 

maxasiaTeblebs [57]. 

avagoT martivi Caketili qseli klient-server 

arqiteqturis magaliTisTvis, romelTa Soris kavSiri 

internetiT xorcieldeba.  

1. avirCioT meniuSi `File~ da punqti `New~. dialogSi 

sistemis SekiTxvaze virCevT grafikul generacias da Rilaks 

` Generate new network~. 

2. miviReT WinPepsy redaqtoris carieli fanjara, 

romelSic instrumentebis gamoyenebiT avagoT 5.23 naxazze 

naCvenebi sqema (kvanZis Setrialeba SeiZleba mausis marjvena 

RilakiT da ` Orientation~ arCeviT).  

 
nax.5.23.  
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3. RilakiT `Options~ gamoitaneba dialoguri fanjara 

(nax.5.24), sadac `Classes~ gverdze SevcvaloT `number of 

classes~ 2-iT da `number of jobs~ 5-iT.  

 
nax.5.24-a 

4. kvanZze daklikviT SevalT fanjaraSi, sadac `Nodes~ 
gverdze SeiZleba qselis kvanZebze saxelebis da tipebis 

SerCeva (nax.5.24-b). 

 
nax.5.24-b 
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5. kvanZisTvis Server CPU SevcvaloT `service units~ 3-iT. 

6. servisis tarifebi (service rates) kvanZebisTvis ase 

gavanawiloT: 

Node name Class 

1 

Class 2 

Server CPU 6 6 

Server disk 14 14 

Internet 16 18 

Clients 10 20 

7. kvanZTaSoris gadasasvlelebze SeiZleba Seicvalos 

albaTobaTa mniSvnelobebi (isrebze mausis daklikvis Semdeg). 

Cven SemTxvevaSi Server CPU-dan Server DISK-ken isarze 

aviRoT 1, xolo yvela danarCenze 0.5; 

8. panelze `Display~-s komboboqsSi avirCioT Class 2. 
xelaxla avawyoT kavSirebi kvanZebs Soris da SevcvaloT 

parametrebi Options–Si. job=5 da CavsvaT albaTobebic 

kavSirebisTvis pirvelis msgavsad. bolos avamoqmedoT 

Rilaki ` Refresh tree ->~. (nax.5.25). 

   
nax.5.25 
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9. amis Semdeg SeiZleba qselis analizis Catareba, 

fanjris marjvena qveda nawilSi MVA–meTodis arCeviT 

(nax.5.26-a).  

 
nax.5.26-a 

10. dialogur fanjaraSi avirCevT parametrebs 

(nax.5.26-b) da Start-RilakiT miviRebT analizis Sedegs 

(nax.5.26-g). 

 
nax.5.26-b 
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nax.5.26-g 

11. aq SesaZlebelia eqsperimentebis gagrZeleba 

sxvadasxva maxasiaTeblebis analizis misaRebad. magaliTad, 

5.27-a naxazze naCvenebia momsaxurebis intensiurobis 

parametris arCeva, Semdeg ki misi analizi da Sedegebi 

(nax.5.27-b).  

 

 
nax.5.27-a 
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nax.5.27-b 
 

12. 5.28-a naxazze naCvenebia INTERNET–kvanZis 
momsaxurebis intensiurobis parametris arCeva da analizis 

Sedegebi (nax.5.28-b). 

 

 
nax.5.28-a 
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nax.5.28-b 

13. parametrebis komboboqsidan (nax.5.29) avirCioT 

gadasasvlelTa albaTobebis analizi (Transition probability) 

ServerCPU-Tvis (nax.5.30-a), SedegebiT 5.30-b naxazze. 

 
nax.5.29-a 

 
nax.5.30-a 
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nax.5.30-b 

 

5.4.2. `klient-server~ Ria qselis modelireba  

da analizi 

1. WinPepsy –is amuSavebis Semdeg File->New da virCevT 

grafikul generacias, Options Rilaks (nax.5.31).  

 
nax.5.31. Open qselis da Arival rate=4 arCeva  
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2. WinPepsy-is cariel redaqtorSi viwyebT kvanZebis 

modelirebas parametrebiT (nax.5.32). 

 
nax.5.32-a. Disk CPU kvanZis parametrebis SerCeva 

miiReba 5.32-b naxazze naCvenebi suraTi, sadac Cans 

kvanZebis saxelebi da maTi tipebi.  

  

nax.5.32-b. qselis sawyisi sqema oTxi kvanZiT  

da tipebiT 
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3. axla TiToeul kvanZs unda mivaniWoT momsaxurebis 

tarifi (Service rates). ServerCPU=10; ServerDisk1 da2=15 da15 

(nax.5.32-g);. 

…  

nax.5.32-g. qselis kvanZebze Service rates mniSvnelobebis  

miniWeba 

4. qselis sqemas unda daematos kvanZTaSorisi 

gadasasvlelebi Sesabamisi albaTobebiT. agreTve ori 

elementi: qselSi Sesvlis wertili (xuTkuTxedi marcxena 

qveda nawilSi) da qselidan gamosvlis wertili (marjvniv 

xuTkuTxedi). es simboloebi aucilebelia Ria qselebisTvis. 

Sedegi asaxulia 5.32-d naxazze. 

 
nax.5.32-d. qselis sqema gadasasvlelbiT da  

albaTobebiT 
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5. avamoqmedoT `Refresh tree ->~ Rilaki. marjvena mxares 

modificirebul xes eqneba 5.33 naxazze naCvenebi saxe. 

 

nax.5.33 

amgvarad, modeli mzadaa analizis Casatareblad. 

ekranis qveda marjvena kuTxeSi mocemulia meTodebi, 

romlebic gamoiyeneba amisaTvis (nax.5.34). 

Cven avirCioT DECOMP meTodi. gamoCndeba dialoguri 

fanjara (nax.5.35-a), romelSic SevarCevT CvenTvis sasurvel 

gasaanalizebel parametrebs. 
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nax.5.34. DECOMPPmeTodis amuSaveba 

 

nax.5.35-a. qselis analizis fanjara, SerCeuli  

parametrebiT 

Start analysis Rilakis amoqmedebis Sedegi mocemulia 

5.35-b naxazze.  
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nax.5.35-b. moTxovnaTa lodinis dro rigSi 

 

sxva maxasiaTeblebis gasaanalizeblad saWiroa 

gamoviyenoT  panelis Rilakebi da 

meniuSi Show-punqti (nax.5.35-g). 
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nax.5.35-g. lodinis dro 

 

nax.5.35-d. moTxovnaTa raodenoba rigSi 
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5.3.3. hibriduli qselis modelireba  

da analizi 

hibriduli anu Sereuli tipis qseli iseTi qselia, 

romelsac aucileblad aqvs minimum erTi Ria klasi da 

erTic Caketili klasi (anu orive saxezea).  

qselis agebis TvalsazrisiT WinPepsy redaqtorSi Ria 
klasi aigeba Ria qselis klasis wesebiT, xolo Caketili 

klasi – Caketili qselis klasis wesebiT. ganvixiloT 

konkretuli magaliTi, romelic 5.36 naxazzea asaxuli. 

 
nax.5.36. hibriduli qselis modeli 

 
nax.5.37. kvanZis tipebis SerCeva 
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nax.5.38. kvanZis parametrebis mniSvnelobebi 

 

agebuli modelis analizis Casatareblad SevirCioT 

meTodi Simulation (nax.5.39).  
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nax.5.39. hibriduli qselis analizis meTodi 

analizis erTi Sedegi 2-kvanZisa da 4-klasisTvis 

dayovnebis drois mixedviT mocemulia 5.40 naxazze.  

 

nax.5.40. qselis analizis Sedegebis fragmenti 

amiT davasrulebT praqtikuli magaliTebis ganxilvas 

modelirebisa da analizis instrumentebis saSualebiT, 

kerZod petris qselebisa da rigebis Teoriis gamoyenebiT.  

aRniSnuli sainJinro informatikis teqnologiebi 

dResac aqtualuria da garkveul interess warmoadgens 

Tanamedrove marTvis avtomatizebuli sistemebis 

daproeqtebis, modelirebis da programuli realizaciis 

TvalsazrisiT.  
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