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Sesavali 

 

cnobili qarTveli mecnieri i. frangiSvili Tavis erT-erT bolo 

samecniero monografiaSi samarTlianad miuTiTebs, rom bunebis, 

sazogadoebis da adamianis mecnieruli Semecnebisadmi sistemurma 

midgomam misca mZlavri impulsi mecnierebaSi axali mimarTulebis 

ganviTarebas, romelic cnobilia saxelwodebiT “sistemebis Teoria”. 

qarTveli mecnieri sistemebis TeoriaSi bolo miRwevebis 

gaTvaliswinebiT ganmartavs, rom sistemuri midgomis mTavari samecniero-

meTodologiuri mniSvneloba mdgomareobs imaSi, rom is saSualebas 

aZlevs Tanamedrove mkvlevarebs gamoavlinon da Seicnon sistemurobis 

principi, romelic vlindeba praqtikulad yvela movlenasa da procesSi 

bunebasa da sazogadoebaSi da calke aRebul adamianSi.  

sistemuri midgoma efuZneba kvlevis obieqtebis, movlenebis an 

procesebis erTian xedvas da warmoadgens yvelaze ufro universalur da 

adeqvatur meTods nebismieri teqnikuri, ekonomikuri, socialuri, 

ekologiuri, politikuri da sxva sistemebis analizisa da 

gamokvlevisaTvis. amrigad, sistemuri midgoma marTvaSi saSualebas iZleva 

gamovlenil iqnas marTvis meqanizmebis arsi, Semcveloba da 

ganxorcieldes marTvis axali koncefciis moZieba. aRniSnuli mtkicebis 

samarTlianobis dadastureba SesaZlebeli gaxda mecnierebis mier gasuli 

saukunis bolos da 21-e saukunis dasawyisSi iseTi mZlavri instrumentis 

ganviTareba-gamoyenebiT, rogoricaa sistemebis, procesebis modelireba, 

romlis gareSec SeuZlebelia aramarto sxvadasxva kategoriis obieqtebis 

sistemuri Taviseburebebis gamovlena-Seswavla, aramed nebismieri 

procesis marTva – samecniero saqmianobis, saxelmwifos, kompaniebis 

marTviT dawyebuli da calke aRebuli subieqtis arsebobiT 

damTavrebuli. 

warmodgenili saxelmZRvanelo moicavs sistemebis, procesebis da 

maTi modelirebis Sesaxeb im minimalur raodenobas ZiriTadi sakiTxebisa, 
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romelTa codnac, faqtiurad, aucilebelia nebismieri kategoriis 

specialistisaTvis.  

saxelmZRvanelos pirveli nawili eZRvneba sistemebis aRweris sam 

ZiriTad meTods: a) morfologiurs (Sida mowyobis analizi); b) funqciurs 

(moRvaweobis analizi, urTierTmoqmedeba garemosTan da sistemis 

nawilebs Soris); g) informaciuls (analizi mdgomareobis da misi 

Secvlis gaurkvevlobis xarisxisa). sistemis Sesaxeb warmodgenis 

ganviTarebis da axali sistemebis damuSavebis meTodis safuZvels 

warmoadgens swored am aRweraTa urTierTmoqmedeba da 

urTierTstimulireba. naCvenebia, rom organizaciis (struqturis, 

kavSirebis, TviTasaxvis, marTvis) meTodebisa da saSualebebis kvleva 

warmoadgens mZlavr stimuls Secnobili iqnas organizaciis da 

ganviTarebis saerTo kanonebi. amave nawilSi mocemulia zogierTi 

ZiriTadi ganmartebebi da sistemebis zogadi daxasiaTeba da 

klasifikacia.  

saxelmZRvanelos meore nawili mTlianad eZRvneba modelirebis 

daniSnulebisa da saxeebis Seswavlas. mocemulia modelirebis Teoriis 

ZiriTadi cnebebi da maTi saxeebi. warmodgenilia maTematikuri modelebis, 

maTi gamoyenebis zogadi daxasiaTeba da modelebis agebis procesis 

zogadi sqema. daxasiaTebulia rTuli sistemebis elementis maTematikuri 

modelis Seqmnis Taviseburebebi da naCvenebia Tu rogor SeiZleba rTuli 

sistemis maTematikuri modeli warmovadginoT elementebis da maT Soris 

urTierTmoqmedebis maTematikuri modelebis meSveobiT. calkea 

warmodgenili meTodologiuri midgomebi imitaciur modelirebaSi: 

diskretuli, uwyveti da kombinirebuli (diskretul-uwyveti) imitaciuri 

modelireba, modelirebis Sedegebis dafiqsireba da damuSaveba. mokled 

ganxilulia rTuli dinamiuri sistemebis imitaciuri modelirebis 

Taviseburebebi: mocemulia rTuli dinamiuri sistemebis zogadi 

daxasiaTeba da obieqt-orientirebuli modelirebis arsi. 

mesame nawili mTlianad eTmoba magaliTebs modelirebaSi. vinaidan 

saxelmZRvanelo ZiriTadad gaTvaliswinebulia informatikisa da marTvis 

sistemebis bakalavrebisa da magistrebisaTvis, magaliTebi eZRvneba iseT 
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specifiur sakiTxs, rogoricaa moZravi obieqtebis gamoTvliTi sistemebis 

saimedooba. aRniSnuli tipis obieqtebis (sistemebis) mTavari moTxovnaa 

gamoTvliTi sistemebis (da aramarto) umtyuno muSaobis uzrunvelyofa, 

amitom mTavari yuradReba gamaxvilebulia am sakiTxebze da ganxilulia: 

gamoTvliTi sistemebis mtyunebaTa mizezebi, saimedoobis Sefasebis 

ZiriTadi midgomebi, mtyunebebis da aRdgenaTa zogadi modelebi, 

SeferxebiTi xasiaTis mtyunebebis modelireba, programuli 

uzrunvelyofis saimedoobis modelirebis Taviseburebebi da arsi. 

saxelmZRvanelo ZiriTadad gaTvaliswinebulia saaviacio da sxva 

teqnikuri universitetebis specialistebisaTvis.  
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nawili I 

sistemebi da procesebi 

 

1.1 zogierTi ZiriTadi ganmartebebi  

 

sagnis Seswavlisas xSirad mogvixdeba gamoviyenoT, pirvel rigSi, 

iseTi cnebebi da terminebi rogoricaa: sistema, rTuli (didi) sistema, 

procesi, modeli, modelireba da a.S. 

miuxedavad imisa, rom sistemebis Sesaxeb Teoriis Seqmnas 

mecnierebaSi naxevar saukuneze meti istoria aqvs, dResac ar arsebobs 

misi erTmniSvnelovani ganmarteba. es mravalferovneba gamowveulia imiT, 

rom sistemis cnebis sxvadasxva ganmartebebSi gamoyofen mis filosofiur 

maTematikur, fizikur, lingvistur da sxva mxareebs. miuxedavad 

ganmartebaTa mravalferovnebisa sistemis arsi unda ganvixiloT, rogorc 

simravle elementebisa, romelTa Soris arsebuli kavSirebi qmnis erT 

mTlianobas.  

rTuli sistema SeiZleba ganvmartoT Semdegnairad: esaa Sedgenili 

obieqti, romlis nawilebi SeiZleba ganvixiloT, rogorc garkveuli 

principebis Sesabamisad erT mTlianobaSi kanonzomierad gaerTianebuli 

an erTmaneTTan mocemuli fardobiT dakavSirebuli sistemebi. 

rogorc ganmartebidan Cans, rTuli sistema SeiZleba davanawevroT 

sasruli raodenobis nawilebad, e.w. umaRlesi donis qvesistemebad, 

yoveli aseTi qvesistema ki – sasruli raodenobis ufro wvril 

qvesistemebad da a.S., sanam ar miviRebT umdablesi donis qvesistemebs, e.w. 

rTuli sistemis elementebs, romlebic obieqturad ar an ver 

danawevrdebian, an maTi Semdgomi daunawileblobis Sesaxeb arsebobs 

saTanado SeTanxmeba. amrigad, erTi mxriv qvesistema ufro dabali donis 

ramdenime elementis Semcveli qvesistemis mimarT warmoadgens rTul 

sistemas, xolo meore mxriv, igi maRali donis sistemis elementia. 
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faqtiurad gamodis, rom sistema erTdroulad SeiZleba iyos 

rTuli sistemac da elementic da es ar unda gagvikvirdes, Tundac 

imitom, rom Cveni garemomcveli samyaro erTiania da yvelaferi imazea 

damokidebuli Tu mocemul momentSi aRniSnul sistemas ra kuTxiT 

ganvixilavT: ganvixilavT mas avtonomiurad Tu sxva ufro didi sistemis 

SemadgenlobaSi. magaliTad, calke aRebuli personaluri kompiuteri 

TavisTavad sakmaod rTuli sistemaa, magram Tu ganvixilavT kompiuterul 

qsels, maSin is SegviZlia ganvixiloT, rogorc am, cxadia, ufro rTuli 

sistemis elementi.  

sistemaSi Semavali elementebis urTierTkavSiri niSnavs imas, rom 

isini amiT uzrunvelyofen im procesebs, romlebic Tan axlavs sistemis 

mier an elementis mier misi funqcionaluri daniSnulebis realizacias. 

procesi SeiZleba mimdinareobdes, rogorc sistemis SigniT – mis 

elementebs Soris, aseve sistemebs Soris da a.S. 

procesi laTinuri sityvaa – Processus – win waweva - Tanmimdevrul 

moqmedebaTa erTobliobaa raime Sedegis misaRwevad ( magaliTad: 

sawarmoo procesi – SromiTi operaciebis Tanmimdevruli cvla; 

kompiuteruli programa – kompiuterSi sxvadasxva brZanebaTa 

Tanmimdevruli Sesruleba).  

avRweroT raime procesi niSnavs movaxdinoT misi algoriTmizacia. 

procesebis algoriTmizacia ki niSnavs procesebis algoriTmul aRweras, 

procesebis aRweras maTematikuri simboloebis enaze, algoriTmebis enaze 

da sxva. Sedegad miiReba procesis algoriTmi, romelic asaxavs procesis 

elementarul aqtebs, maT Tanmimdevrobasa da urTierTkavSirs. 

sistemebis Sesaxeb warmodgenebi Caisaxa jer kidev antikur 

filosofiaSi. Zvel berZnul filosofiaSi samyaros, rogorc kosmosis, 

e.i. mowesrigebuli mTelis gageba gulisxmobda sistemis cnebas. am 

mimarTulebiT yofierebis, rogorc sistemis ontologiur interpretacias 

iZleodnen heraklite, demokrite, platoni. axali drois filosofiaSi 

yofierebis, rogorc sistemis ontologiur interpretacias iZleodnen 

spinoza, laibnici, Selingi da sxvebi. 
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me-19 saukunis me-2 naxevarSi da me-20 saukunis pirvel naxevarSi 

specialur mecnierebaTa mraval dargSi gamoavlines da gaaanalizes 

sistemebis gansxvavebuli tipebi: sociologiaSi – socialuri sistemebi; 

biologiaSi – organuli sistemebi; lingvistikaSi – enobrivi sistemebi; 

logikaSi – sintaqsuri da semantikuri sistemebi; maTematikaSi – 

aqsiomatizebuli da formalizebuli Teoriebi; kibernetikaSi – 

TviTmaregulirebeli sistemebi da a.S. praqtikulad Seqmnes da gamoiyenes 

agreTve sxvadasxva tipis sistemebi: teqnikaSi – avtomatizebuli manqanebis 

sistemebi, mrewvelobis da transportis, maT Soris saaviacio marTvis 

sistemebi da a.S. yovelive aman aqtiuri gaxada sistemis bunebis kvlevis 

amocana. me-20 saukunis 40-ian wlebSi biologma l. bertalanfim wamoayena 

“sistemis saerTo (zogadi) Teoriis” Seqmnis programa. Camoyalibda 

saganTa analizis sistemuri midgomis meTodi. amis gamo intensiurad 

daiwyo sistemis problematikis damuSaveba. ZiriTadad is mimdinareobda 

sam sferoSi: 1. specialuri mecnierebebis da teqnikis mraval dargSi 

muSavdeba sxvadasxva tipis sistemebis agebisa da gamoyenebis konkretuli 

sakiTxebi; 2. sistemebis saerTo (zogad) TeoriaSi muSavdeba misi bunebisa 

da sistemur-struqturuli analizis logikur-meTodologiuri 

problemebi; 3. filosofiaSi, romlis amocanaa sistemis, rogorc 

garkveuli kategoriis, daxasiaTeba da samyaros Sesaxeb mTlian 

koncefciaSi misi rolisa da adgilis garkveva. 

aqve mivuTiToT sistemis damaxasiaTebel zogierT momentebze. 

magaliTad: rogorc ganmartebebidan vnaxeT, sistemis gansazRvrisaTvis 

saWiroa Semdegi cnebebis (romlebsac ufro dawvrilebiT SeviswavliT 

sagnis pirvel nawilSi) gamoyeneba: simravle, elementebi, kavSiri, 

mimarTeba, struqtura, mTlianoba. sistemis arsebobisaTvis aucilebelia 

elementebis simravle, magram elementebis nebismieri simravle ar 

warmoadgens sistemas. elementebs Soris unda iyos iseTi kavSirebi da 

mimarTebebi, romlebic axal mTlianobas qmnian. es mTlianoba gansxvavdeba 

misi Semadgeneli momentebisagan, anu misi Tvisebebi ar daiyvaneba 

elementebis calkeul Tvisebebze an maT jamze. elementi damokidebulia 

sistemaze. misi adgili ganisazRvreba im funqciiT, romelic mas 
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mTlianobaSi (sistemaSi) ukavia. amitom sistema elementebis organuli 

kavSiria da ara ubralo jami an agregati. sistemas axasiaTebs sirTule, 

amitom mas mudam aqvs garkveuli struqtura, romelic misi arsebiTi 

momentia (dawvrilebiT gavarCevT momdevno paragrafebSi). struqtura aris 

is wesi, romliTac elementebi erTmaneTTan arian SekavSirebuli. 

struqtura sistemis aRnagobas gamoxatavs da araa damokidebuli 

elementebis konkretul bunebaze. erTmaneTisagan gansxvavebul elementebs 

SeiZleba hqondeT erTidaigive struqtura da piriqiT. sistemis xasiaTi 

damokidebulia elementebisa da struqturis Tvisebebze. sistemis 

elementebi SeiZleba iyos nebismieri bunebis obieqtebi: fizikuri, qimiuri, 

socialuri, idealuri (ricxvebi, debulebebi, Teoriebi, cnebebi) da a.S. 

amitom sistemis cnebis gamoyeneba nebismier sferoSi SeiZleba. sistemebis 

klasifikaciisaTvis SeiZleba svadasxva niSnebi iqnas gamoyenebuli. 

magaliTad, SeiZleba gamoiyos Semdegi saxis sistemebi: materialuri da 

aramaterialuri, bunebrivi da sazogadoebrivi, formaluri da 

araformaluri, aqsiomatizebuli da araaqsiomatizebuli, statikuri da 

dinamiuri, mkacrad determinirebuli da stoqastikuri (albaTuri) da a.S. 

swored sistemebis saerTo (zogadi) Teoriaa mecnierebis is dargi, 

romelic ikvlevs sxvadasxva tipis sistemebis Seswavlis meTodologiur 

principebs. sistemaTa saerTo (zogadi) Teoriis Camoyalibeba ganapiroba 

im  meTodologiurma siZneleebma, romlebic warmoiSva maTematikuri, 

fizikuri, qimiuri, biologiuri, ekonomikuri da socialuri sistemebis 

kvlevisas. am garemoebam ki gamoiwvia e.w. sistemuri midgomis im 

specialuri meTodebis Seqmna, romlebsac rTuli obieqtebis (sistemebis) 

analizisa da sinTezisaTvis iyeneben. sistemebis saerTo (zogad) Teorias 

zogjer sistemaTa abstraqtul Teoriasac uwodeben, vinaidan misi 

kvlevis obieqti ar Semoifargleba romelime konkretuli sistemiT. igi 

ar aris konkretuli sistemis Semswavleli mecnierebis Semcvleli, is 

mxolod afarToebs misi kvlevis meTodologiur principebs. 

mokled SevexoT sistemebis saerTo Teoriis (s.s.T) ZiriTad 

Tvisebebs. es Tvisebebia: 1. s.s.T agebulia zogadmecnieruli cnebis 

“sistema” safuZvelze; 2. Seicavs yvela cnobili specializebuli sistemis 
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Teoriebs (wrfiv, aqsiomatur, dinamiur da a.S); 3. sargeblobs formaluri 

sistemebis kvlevis logikur-maTematikuri meTodebiT (avtomatebis Teoria, 

algoriTmebis Teoria da a.S); 4. aerTianebs sxvadasxva bunebis mqone 

sistemebis aRmwer Teoriebs; 5. farTod iyenebs modelirebis an analogiis 

meTods. misi ganviTareba mWidrodaa dakavSirebuli Teoriuli 

kibernetikis problematikasTan. s.s.T unda konkretulad Camoayalibos 

iseTi zogadmecnieruli cnebebi (rogorc ukve avRniSneT), rogoricaa 

sistema, struqtura, mdgomareoba, qceva, sirTule, mizanswrafuloba, 

optimaluroba da gansazRvros maTi gamoyenebis SesaZleblobani. 

sistemebis saerTo (zogadi) Teoriis Sedegebi farTod gamoiyeneba rTuli 

sistemebis analizisa da proeqtirebis dros. igi warmoadgens 

sistemoteqnikis Teoriul safuZvels.  

amrigad, SegviZlia vTqvaT, rom adamianis mizanmimarTuli 

moRvaweoba qmnis sistemebis Seswavlis aucileblobas da rogorc Sedegi 

mivdivarT maTi Secnobis meTodologiis e.w. sistemuri analizis 

gamoyenebamde.  

am meTodologiis arsi mdgomareobs sistemaze dakvirvebaSi, sxva 

sistemebis damuSavebasa, Seqmnasa an SerCevaze, romelic raRac azriT 

msgavsia pirvelisa (e.w. sistemis modelisa), axali sistemis gamokvlevaSi 

pirvel sistemasTan mimarTebaSi daskvnebis gamoyenebis mizniT. am 

meTodologiis fundaments warmoadgens sistemis modelisa da 

modelirebis cneba  

modeli farTo gagebiT aris romelime obieqtis an obieqtTa 

sistemis saxe (pirobiTi an warmodgeniTi – gamosaxuleba, aRweriloba, 

sqema, naxazebi, ruka da a.S) an pirvelsaxe (nimuSi), romelsac garkveul 

pirobebSi iyeneben rogorc maT “Semcvlels” an “warmomadgenels”. 

modelireba – realurad arsebuli sagnebisa da movlenebis, 

agreTve konstruirebuli obieqtebis (sistemebis, procesebis) Seswavlaa 

maTi modelebis an realuri danadgarebis kvleviT. 

modelireba, rogorc sinamdvilis asaxvis forma, antikur epoqaSi 

Caisaxa. misi gamoyeneba ki aRorZinebis epoqaSi daiwyes. SemdgomSi 

TandaTan farTovdeba misi gamoyenebis sfero, xolo kompiuterebis da 
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kibernetikis ZiriTadi principebis formulirebis Semdeg universaluri 

da zogadmecnieruli mniSvneloba miiRo. 

originalis modeliT Senacvleba xdeba originalis Tvisebebis 

dafiqsirebis an Seswavlis gamartivebis, gaiafebis, daCqarebis mizniT. 

Tavisuflad SegviZlia vTqvaT, rom calkeuli mecnierebebi warmoadgenen 

realuri samyaros calkeuli mxareebis amsaxvel modelebs. unda 

gvaxsovdes, rom modeli arasodes ar aris srulad identuri sistemis an 

procesis, is igeba gamartivebaTa safuZvelze da warmoadgens maT 

miaxloebas. 

modelireba mizanSewonilia maSin, rodesac models ar gaaCnia 

originalis (sistemis, procesis) is niSnebi, romlebic xelSemSlelia mis 

gamokvlevaSi, an arsebobs originalisagan gansxvavebuli parametrebi, 

romlebic xels uwyoben modelis Tvisebebis fiqsacias an Seswavlas. 

modelirebis Teoria warmoadgens modelebis Seqmnisa da 

Seswavlis erTmaneTTan dakavSirebuli wesebis, gansazRvrebebis, 

meTodebisa da saSualebebis erTobliobas. TviT es wesebi, 

gansazRvrebebi, meTodebi da saSualebebi, iseve rogorc TviT modelebi, 

warmoadgenen modelirebis Teoriis sagans, romlis safuZvlebsac 

gavecnobiT saxelmZRvanelos meore nawilSi. 

mokled, rom vTqvaT, modelirebis Teoriis ZiriTadi amocana 

mdgomareobs imaSi, rom aRWurvos mkvlevarebi iseTi modelebis Seqmnis 

teqnologiiT, romlebic sakmarisi sizustiT da srulad afiqsireben 

originalis (sistemis an procesis) saintereso Tvisebebs, advilad an 

swrafad eqvemdebarebian gamokvlevas da saSualebas iZlevian misi 

Sedegebis originalze gadatanisa.  

modelirebis Teoria warmoadgens sistemebis saerTo Teoriis – 

sistemologiis Semadgenel nawils, sadac ZiriTad principad aRiarebulia 

postulati: sistema warmodgenadia modelebis sasruli simravliT, 

romelTagan TiToeuli asaxavs misi arsis garkveul mxares. 

mokled mimovixiloT modelirebis roli da adgili sistemebis 

gamokvlevaSi. kacobriobisaTvis modelirebis umniSvnelovanes rolze 

metyvelebs is faqti, rom nebismieri sistemis an procesis Semecneba 
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daiyvaneba, arsebiTad, misi modelis Seqmnamde. nebismieri rTuli 

mowyobilobis an aRWurvilobis damzadebamde muSavdeba (iqmneba) misi 

modeli – proeqti. xelovnebis nebismieri nawarmoebi warmoadgens 

realobis damafiqsirebel models. adamiani, vidre raimes 

ganaxorcielebdes (Caidendes, moaxdendes, gaakeTebdes), cdilobs 

moifiqros moqmedebaTa Tanmimdevroba an intuitiurad xelmZRvanelobs 

moqmedi aprobirebuli modelebiT.  

gansakuTrebul Rirebulebas warmoadgenen konstruqciuli 

modelebi, iseTebi, romlebic uSveben aramarto TvisebaTa dafiqsirebas, 

aramed maxasiaTeblebis sistemis parametrebisagan damokidebulebaTa 

gamokvlevas. aseTi modelebi saSualebas iZlevian moxdes sistemebis 

funqcionirebis optimizacia. optimizaciuri modelebi warmoadgenen 

rTuli sistemebis Teoriis safuZvels.  

modelirebis roli, rogorc mecnieruli Semecnebisa da teqnikuri 

amocanebis gadawyvetis meTodisa, yovelTvis sakmaod maRla fasdeboda. 

teqnikis ganviTarebasTan erTad farTo gamoyeneba hpova danadgarebis, 

manqanebis da meqanizmebis fizikurma modelirebam.  

maTematikis ganviTarebam xeli Seuwyo sxvadasxva obieqtebis, 

sistemebis da procesebis maTematikuri modelirebis gavrcelebas. 

SemCneulia, rom sxvadasxva fizikuri bunebis sistemebis funqcionirebis 

dinamika aRiwereba erTi tipis damokidebulebebiT, e.i. SeiZleba 

warmodgenili iqnan erTidaigive modelebiT. saangariSo formulebi, 

romlebiTac sargebloben inJinrebi yovelgvari sistemis analizisa da 

sinTezisaTvis, rogorc wesi, miRebulia, gamoyvanilia am sistemebis 

maTematikuri modelebidan. 

kompiuterebis gamoCena-ganviTarebam kidev ufro Seuwyo xeli 

modelirebis gamoyenebis sferoebis gafarToebasa da gaRrmavebas. 

modelireba gansakuTrebul mniSvnelobas iZens dRes im pirobebSi, roca 

saxezea materialuri, adamianuri, energetikuli da droiTi resursebis 

gamoyenebis SezRudvebi. 

dReisaTvis Zneli warmosadgenia adamianis moRvaweobis iseTi 

sfero, sadac modelireba ar gamoiyenebodes. damuSavebulia, magaliTad, 
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sxvadasxva saxis sawarmoebis, adamianis da cxovelebis organoebis 

funqcionirebis, atomuri omis Sedegebis da sxva modelebi. faqtiurad 

nebismieri teqnikuri an organizaciuli proeqtis realizaciis win 

aucileblad xdeba modelirebis Catareba. 

SeiZleba Tamamad vTqvaT, rom modelireba faqtiurad warmoadgens 

kompiuteruli sistemebis erT-erT umTavres funqcias. Tanamedrove 

pirobebSi sayovelTao xasiaTi miiRo teqnologiuri procesebis, 

organizaciul-ekonomikuri kompleqsebis da proeqtirebis procesebis, 

TviT saxelmwifos marTvis avtomatizebam, codnis da monacemTa bazebis 

Seqmnam. Tavis mxriv ki nebismieri marTvis sistema saWiroebs samarTavi 

sistemis, procesis models, mmarTvelobiTi gadawyvetilebebis SesaZlo 

Sedegebis modelirebas. aRniSnuli kidev erTxel adasturebs 

kompiuteruli sistemebis rols modelirebaSi.  

TviT kompiuteruli sistemebi, rogorc rTuli sistemebi, SeiZleba 

iyos da unda gaxdes modelirebis obieqtebi. modelireba mizanSewonilia 

gamoyenebul iqnas kompiuteruli sistemis (es exeba faqtiurad nebismier 

sistemas) proeqtirebis etapze.  

proeqtirebis etapze modelirebis gamoyeneba saSualebas iZleva 

gaanalizdes saproeqto gadawyvetilebaTa variantebi, ganisazRvros 

ZiriTadi maxasiaTebelebi, muSaobisunarianoba, gamovlindes defeqtebi da 

a.S. 

moqmedi sistemebis analizisas modelirebis meSveobiT 

gansazRvraven sistemis muSaobisunarianobis sazRvrebs, asruleben 

eqstremaluri pirobebis imitirebas, romlebic SeiZleba warmoiSvas 

sistemis funqcionirebisas. aseTi pirobebis xelovnurad Seqmna moqmed 

sistemebSi gaZnelebulia (an SeuZlebelia) da SeiZleba migviyvanos 

katastroful Sedegebamde, Tu sistema ver gaumklavdeba Tavis funqciur 

movaleobebs. 

rac Seexeba modelebis klasifikacias, modelirebis etapebs, 

modelirebis miznis dasmas, modelirebis teqnologias, Cven am sakiTxebs 

SeviswavliT sagnis meore nawilSi.  
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1.2. sistemebis zogadi daxasiaTeba 

 

kidev erTxel ganvmartoT sistema – esaa obieqturi erToblioba 

kanonzomierad erTmaneTTan dakavSirebuli sagnebisa, movlenebisa, 

codnisa, bunebisa da sazogadoebis Sesaxeb. am dros unda gvaxsovdes, 

rom:  

1. TiToeuli elementi (sagani), romelic Sedis sistemaSi, TviTonve 

SeiZleba ganxiluli iqnas, rogorc sistema Semdgari sxva 

elementebisagan, e.i. sistemebi Cveulebriv warmoadgenen ierarqiul 

struqturas; 

2. sistemis elementebs Soris urTierTkavSirebi SeiZleba 

icvlebodes droSi am elementebze dakisrebuli funqciebis Sesrulebis 

procesSi. 

aqve unda gvaxsovdes, rom sistemebis, procesebis Seswavla 

SesaZlebelia sistemuri midgomis safuZvelze – esaa erToblioba 

meTodebisa da saSualebebisa, romelTa daxmarebiTac SesaZlebelia 

SeviswavloT sistemebi da procesebi erTianobaSi.  

sistemuri midgoma, nebismieri rTuli obieqtis gamokvlevis dros, 

emyareba mis mTlianobaSi warmodgenas. sistemuri midgomis mTavari 

Taviseburebaa is rom, mTlianoba dominirebs nawilze, sirTule 

simartiveze. amitom tradiciuli meTodisagan gansxvavebiT, rodesac 

adamianis azri moZraobs martividan rTulisaken, nawilebidan mTelisaken, 

elementebidan – sistemisaken (nax. 1.1.a), sistemuri midgomisas (nax. 1.1.b) 

piriqiT, azri moZraobs rTulidan martivisaken, mTelidan Semadgeneli 

nawilebisaken, sistemidan elementebisaken.  

 

 

 

 

 

 



65 
 

 

 

 

 

 

 

 

 

 

 

 

sistemuri midgoma aqcentirebas axdens obieqtis integrirebul 

Tvisebebze, misi struqturis da funqciis gamovlenaze. erTdroulad 

arsebiTi mniSvneloba aqvs sistemaSi mimdinare procesebs, romelTa 

SeswavlisaTvis aucilebelia gaverkveT sistemaSi cirkulirebul 

informaciaSi, sistemis qcevasa da miznis arCevaSi. 

sistemis, rogorc mTelis Tvisebebi ganisazRvreba aramarto misi 

calkeuli elementebis TvisebebiT, aramed, agreTve sistemis struqturis 

TvisebebiT. mravali tipis sistemisaTvis sistemis struqturis qveS esmiT: 

misi yvela elementis sivrciTi ganlageba, erToblioba elementebs Soris 

mdgradi kavSirebisa da mimarTebebisa, Sida mowyoba, agreTve 

urTierTmoqmedebisa da urTierTkavSiris kanoni. martiv SemTxvevaSi 

sistemis struqtura warmoidgineba, rogorc erToblioba yvela 

elementisa, am elementebs Soris kavSirebiT da erTmaneTTan 

damokidebulebiT.  
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aq gamoTqmul daskvnebs garkveul sicxades SesZens Tu gavixsenebT 

sawarmoos, rogorc sistemis ganmartebas. es ganmarteba ki ase 

gamoiyureba: sawarmoo sistema – es iseTi sistemaa, romlis komponentebs 

warmoadgenen warmoebis komponentebi (sawarmoo obieqtebi da maTi 

qvedanayofebi da ubnebi, proeqtebi, materialuri da teqnikuri resursebi, 

marTvis da kontrolis samsaxurebi da organoebi da a.S) da elementebs 

Soris myardeba iseTi kavSirebi, romlebic aucilebelia sawarmoo 

procesebis mimdinareobisaTvis. 

Zneli araa SevniSnoT, rom sistemis ganmarteba–aRwera – esaa 

modeli, romelic asaxavs sistemis TvisebaTa garkveul jgufs, xolo 

aRweris gaRrmaveba, ki niSnavs modelis detalizacias. amitom sistemis 

aRweris da kanonzomierebaTa aRweris qveS igulisxmeba sistemis modeli 

da procesebis modeli, romelTa gamosayeneblad vargisianoba yovelTvis 

unda dasabuTdes (damtkicdes), roca sistema eqceva axal pirobebSi. 

iseve rogorc nebismieri samecniero gamokvleva, sistemebis 

gamokvleva da maTi klasifikacia, pirvel rigSi, ukavSirdeba imis 

dadgenas, Tu rogoria kavSiri (kavSirebi) “zemoqmedeba – Sedegi”. 

“zemoqmedeba” miewodeba obieqtis (sistemis) Sesasvlels, xolo Sedegi 

fiqsirdeba mis gamosasvlelze (nax. 1.2.)  

 

klasikuri zusti mecnierebebi (maTematika, fizika, qimia da a.S) 

axorcieleben iseTi modelebis damuSavebas, romlebic asaxaven zust 

calsaxa damokidebulebas sistemis Sesasvlelis X mdgomareobasa da misi 

gamosasvlelis Y mdgomareobas Soris gardamavali funqciis meSveobiT 
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                       XRY   ,                                 (1.1.) 

sadac –  R aris gardasaxvis operatori (R   –  gardasaxva). mecnierebis 

ganviTarebis adreul periodSi R   –  gardasaxva gagebuli iyo rogorc 

calsaxa determinirebuli funqcia -  es ki faqtiurad niSnavs imas, rom 

sistemis qceva droSi (zemoqmedeba  tX , sistemis reaqcia R   am 

zemoqmedebaze da Sedegi  tY ) SeiZleba Caiweros calsaxad (1.1). aRmoCnda, 

rom arseboben sistemebi, romelTa reaqcia ama Tu im warmoqmnil 

situaciaze (zemoqmedebaze) atareben albaTur xasiaTs. magaliTad, 

winaswar asprocentiani dabejiTebiT ver vityviT, rom TviTmfrinavi an 

manqana daqoqvisTanave daiZvreba adgilidan, rom is aRmoCndeba mzad 

Tavisi funqciis uavariod SesrulebisaTvis, vinaidan yovelTvis arsebobs 

imisi albaToba (Tundac mizeruli), rom misi romelime elementi 

aRmoCndeba dazianebuli da obieqti ver SeZlebs Tavisi funqciis ueWvel 

Sesrulebas. amrigad, gaCnda sistemaTa klasifikaciis pirveli saxeebi: 

determinirebuli 1S -sistemebi, 1R -determinirebuli gardasaxviT da 

stoqastikuri 2S -sistemebi, 2R -stoqastikuri gardasaxviT. vinaidan 

sistemis Tvisebebi xasiaTdeba R   gardasaxviT, amitom vuwodoT mas 

sistemis funqciuri aRwera. 

1S  da 2S  sistemebs Soris gansxvavebis ukeT gasagebad moviyvanoT 

magaliTi: Tu generatori gamoimuSavebs sinusoidur Zabvas 

      00 sin UtX         tUtY   , maSin Zabva SeiZleba ganisazRvros drois 

nebismier t   momentSi. 2S  sistemebis SemTxvevaSi Semavali  tX  zemoqmedeba 

an R ‐ gardasaxva ar SeiZleba aRiweros determinirebuli funqciebiT. am 

SemTxvevaSi drois nebismier momentSi Semavalma zemoqmedebam  tX  an R ‐ 

gardasaxvam SeiZleba raRac albaTobiT miiRon esa Tu is mniSvneloba 

SesaZlo mniSvnelobaTa Soris. TviTmfrinavi an avtomobili CarTvisas 

SeiZleba daiqoqos an ar daiqoqos (esaa SesaZlo mniSvnelobebi) raRac 

albaTobiT. SemTxveviTi ewodeba process, romelic warmoadgens ara 

marto drois funqcias, aramed damokidebulia SemTxveviT faqtorebze, e.i. 

esaa drois funqcia, romlis mniSvnelobac drois nebismier momentSi 

SemTxveviTi sididea. 
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moviSvelioT magaliTi: iseT sistemebs, romlebic xasiaTdebian 

SemTxveviTi parametrebiT, SeiZleba mivakuTvnoT kavSirgabmulobis 

sistemebi, romelTa kavSiris xazebis maxasiaTeblebi icvlebian 

SemTxveviTi saxiT, agreTve salokacio sistemebi, romlebmac unda 

aRmoaCinon obieqtebi maTgan areklili signalebis meSveobiT SemTxveviTi 

xelSeSlebis fonze. 

amrigad, urTierTmoqmedi obieqtebi (elementebi) qmnian sistemas, 

romlis Semavali maxasiaTeblebi SeiZleba avRweroT, rogorc misi aRwera 

urTierTmoqmedebamde, xolo gamosavali – urTierTmoqmedebis Semdeg 

(Sedegi). Sedegis SemTxveviToba ganisazRvreba imiT, rom 

urTierTmoqmedeba SeiZleba moxdes drois nebismier momentSi da drois 

diapazonSi (momentebis simravle) obieqtebis (elementebis) sxvadasxva 

mdgomareobisas. Tu urTierTmoqmedebis meqanizmi (mdgomareobebi, dro, 

mdgomareobebis Sesabamisi Sedegebi) zustad cnobilia, maSin R ‐

gardasaxva aris X ‐is determinirebuli funqcia. Tu urTierTmoqmedebis 

meqanizmi ucnobia, maSin mravaljer ganmeorebadi erTi tipis 

urTierTmoqmedebisas vlindeba wamyvani tendenciebi da warmoiSoba 

Sedegebis sixSiris ganawileba. maSin R ‐gardasaxva warmoadgens 

albaTobaTa ganawilebas SemTxveviT movlenaTa ansamblSi, aseTi ansambli 

(Tu is arsebobs fizikurad) ganixileba, rogorc stoqastikuri sistema.  

R ‐  gardasaxvebi SeiZleba mocemuli iyos algebruli, logikuri, 

diferencialuri, integro-diferencialuri operatorebiT; skalarulad, 

veqtorulad an matriculad, romlebic Sedgenilia sistemis gare 

maxasiaTeblebis gazomviT an sistemis agebulebis – morfologiuri 

aRweris safuZvelze. magaliTad, lokatoris radioteqnikuri xelsawyos 

principuli sqemis safuZvleze, romelsac gaaCnia elementebis 

specifikacia, SesaZlebelia R ‐  gardasaxvis warmodgena gardamavali 

funqciis saxiT. am SemTxvevaSi sistemis morfologiuri aRwera 

warmodgenilia principuli sqemiT, xolo funqciuri aRwera R ‐ 

gardasaxvis saxiT.  

zusti mecnierebebi Seiswavlian iseT modelebsac, romlebic ar 

Seicaven R ‐gardasaxvas. esaa qaotiuri movlenebi, sustad organizebuli, 
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sustad struqturizebuli, aramdgradi, araxangrZlivi, romlebSic 

erTmaneTs ejaxebian mravalricxovani damoukidebeli movlenebi, 

romelTac ar gaaCniaT albaTobaTa mdgradi ganawileba, am SemTxvevaSi 

SeuZlebelia sistemis ramenairi morfologiuri da funqciuri aRweris 

(modelis) Seqmna. aseT sistemebs uwodeben 3S  – sistemebs. aseTi sistemebis 

raodenobriv aRweramde mecniereba mivida organizaciis, dezorganizaciis 

da entropiis cnebebis meSveobiT. entropia saSualebas iZleva ara marto 

Sefasdes sistemis mouwesrigeblobis done, aramed droSi misi cvlilebis 

tendenciac.  

organizaciis (dezorganizaciis) donis aRwera asaxavs, rogorc 

arss organizaciisa, aseve Cvens codnas masze. amitom aseT aRweras 

mizanSewonilia vuwodoT sistemis informaciuli aRwera. informaciuli 

aRwera avsebs 1S ,  2S   –  sistemebis aRweras (morfologiurs, funqciurs), 

xolo 3S  – sistemisaTvis is erTaderTia. 

magaliTad, Zabvis generatori (1.1) sakmaod srulad aRiwereba misi 

morfologiiT, misi maxasiaTeblebis ganuzRvrelobas ara aqvs didi 

praqtikuli mniSvneloba, amitom aq raime informaciuli aRweris 

aucilebloba ar warmoiSveba. radiolokaciuri sadguris ( 2S   –  sistema) 

morfologiuri aRwera moicema principuli sqemiT (funqciuri aRwera 

ganmartavs sqemas), xolo informaciuli aRwera – cdomilebaTa 

maxasiaTeblebiT. principSi informaciuli aRwera SeiZleba miviRoT 

sistemis morfologiuri aRweridan, magram sqemis elementebis 

maxasiaTeblebis albaTuri xasiaTidan gamomdinare, agreTve teqnikuri 

siZneleebis gaTvaliswinebiT, mizanSewonilia informaciuli aRwera 

miRebuli iqnas eqsperimentulad.  

unda avRniSnoT, rom humanitarul mecnierebebs saqme aqvT rTul, 

zerTul sistemebTan (did rTul sistemebTan). am mecnierebaTa mTavar 

SemecnebiT Taviseburebas warmoadgens is, rom SeuZlebelia am sistemebis 

aRweraSi (modelebSi) R ‐  gardasaxvis ideis gamoyeneba, vinaidan am 

sistemebSi R ‐  gardasaxvis gamovlena umetes SemTxvevaSi SeuZlebelia. 

magaliTad, adamianTa jgufi, sazogadoeba sxvadasxvagvarad reagireben 
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erTidaigive zemoqmedebaze erTidaigive pirobebisas. humanitaruli 

mecnierebebi ikvleven da swavloben adamianTa sazogadoebis Tvisebebsa 

da reaqciebs, cdiloben aRmoaCinon tendenciebi da Seafason maTi 

mdgomareoba. aRmoCnda, rom rac ufro didia zomiT sistema, miT ufro 

mdgradia tendenciebi mis qcevaSi, xolo garkveuli zomisas tendencia 

gadaizrdeba kanonzomierebaSi. aseTi sistemebisaTvis damaxasiaTebelia is, 

rom maTi morfologiuri Tvisebebi funqcionalurTan dakavSirebuli 

arian xarisxobrivad, xarisxobrivia TviT funqciuri aRwerebic, amis 

saukeTeso magaliTia sawarmoo sistemebi.  

sazogadoebrivi sistemebisaTvis mTavari Taviseburebaa maTi 

mizandasaxuloba. mizandasaxulobis qveS vgulisxmobT sistemis unars 

SearCios Tavisi qceva Sida miznis Sesabamisad. aseTi sistemebis gare 

maxasiaTeblebi (Y   gamomavali) ganisazRvreba ara marto gare 

zemoqmedebebiT ( X   Semavali), aramed mizniTac. sistema arsebuli 

situaciidan da dasaxuli miznidan gamomdinare, yovelTvis Tavidan 

aformirebs Tavis R ‐  gardasaxvas. amitom calsaxa R ‐  gardasaxva ar 

arsebobs. mizandasaxuli sistemis moqceva   damokidebulia X   Semaval 

zemoqmedebaze da mis SesaZlo cvlilebaze  tx ,ˆ  , romelic Tavis mxriv 

aseve damokidebulia sistemis moqcevaze. amitom Z   miznis 

gaTvaliswinebiT zogadad R‐gardasaxvas eqneba saxe: 

                     tXXZRY ,ˆ,;                                  (1.2) 

magram    YXtX ˆˆ,ˆ  , sadac Ŷ -gamosavali maxasiaTeblebis 

TviTSefasebaa, romelic Tavis mxriv igeba 






 YXYXX

ˆ̂,ˆ̂ˆ̂ˆ̂,ˆ - meore donis 

Sefasebebia, imis gaTvaliswinebiT, rom   ŶY  safuZvelze. 

praqtikulad (1.2) nacvlad miiReba iteraciuli sqema, romelic 

sistemis SesaZleblobebidan gamomdinare, wydeba sakmaod swrafad. 

amrigad, aseTi sistemebisaTvis aucilebelia gairkves mizani da qcevis 

tendenciebi. mizani SeiZleba iyos mravalkriteriumiani, amave dros is 

SeiZleba bolomde arc iyos gaazrebuli an gansazRvruli. 
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sistemebs, romlebsac SeuZliaT R ‐  gardasaxvis formireba Sida 

miznis da konkretuli situaciis (Semavali mdgomareobis – zemoqmedebis) 

gaTvaliswinebiT, vuwodoT 0S  – sistemebi.  

0S   sistemebi dialeqtikurad aerTianeben 1S ‐,  2S ‐,  3S –  sistemebis 

winaaRmdegobriv Tvisebebs da determinizms, stoqastiurobas da arCevis 

Tavisuflebas iyeneben miznis misaRwevad - i0i US      SUSS 210 ,  .  

0S   –  sistemebi aris sistemuri gamokvlevebis mTavari obieqti, 

swored is warmoadgens rTul sistemebs, romlebsac gaaCniaT sakuTari 

qcevis marTvis unari. 0S   ‐ sistemebisaTvis damaxasiaTebelia is, rom isini 

SeiZleba sxvadasxvanairad reagirebdnen erTidaigive zemoqmedebaze da 

erTnairad reagirebdnen sxvadasxva zemoqmedebaze.  

unda gvaxsovdes, rom 0S  – sistemebs gaaCniaT nebismieri sirTulis, 

magram stabiluri morfologia, romelic uzrunvelyofs dasaxuli miznis 

Sesabamisad funqcionalur moRvaweobas (moqmedebebs). es ki imas niSnavs, 

rom 1S  da 2S sistemebisagan gansxvavebiT, 0S  – sistemebisaTvis SeuZlebelia 

funqciuri aRweris Sedgena morfologiis safuZvelze. Sesabamisad, aseTi 

sistemebisaTvis morfologiuri da funqciuri aRwerebi 

urTierTCanacvlebadi rodia, isini aRweren sistemis sxvadasxva Tvisebebs.  

R ‐gardasaxvis ararseboba da aracalsaxa damokidebuleba 

morfologiur da funqciur aRwerebs Soris badebs gaurkvevlobas, 

romelic saWiroebs Sefasebas. es Sefaseba ki SesaZlebelia 

ganxorcieldes informaciuli aRweriT. 

nebismieri sistema SeiZleba ganvixiloT rogorc 0S   – sistemis 

kerZo SemTxveva. viwyebT ra axali sistemis Seswavlas Cven ar viciT 

rasTan gvaqvs saqme. amitom nebismieri axali sistemis Seswavla unda 

daviwyoT Semdegi sami TvalsazrisiT: 1. funqciuri; 2. morfologiuri; 3. 

informaciuli; e.i. SevadginoT sami saxis aRwera. amis gareSe 

SeuZlebelia raime modelis Sedgenaze fiqric ki.  
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1.3. sistemebis funqciuri aRwera 

  

funqciuri aRwera, pirvel rigSi, saWiroa imisaTvis, rom 

gavarkvioT sistemis mniSvneloba, ganvsazRvroT misi adgili, SevafasoT 

misi damokidebuleba (urTierToba) sxva sistemebTan. amiT iwyeba sistemis 

Secnoba da uamisod SeuZlebelia misi gamoyeneba. funqciurma aRweram 

unda mogvces swori warmodgena sistemis gare kavSirebTan dakavSirebiT, 

mis kontaqtebze garemomcvel samyarosTan, mis SesaZlo cvlilebebze. is 

moicavs sistemis mniSvnelovnobis Sefasebas mis konkretul funqciaSi.  

funqciuri aRwera gamomdinareobs iqidan, rom nebismieri sistema 

asrulebs raRac funqcias – ubralod arsebobs, asrulebs sxva 

sistemebis saarsebo sivrcis rols, momsaxurebas uwevs ufro maRali 

rangis sistemis funqcionirebas, warmoadgens sakontrolos raRac klasis 

sistemebisaTvis, warmoadgens saSualebas an masalas ufro srulyofili 

sistemis Sesaqmnelad da a.S.  

funqciuri aRwera, sistemis arsidan gamomdinare (ix. sistemis ganmarteba), 

ierarqiulia. sistemis funqciis warmodgena xdeba ricxviTi funqcionalis 

meSveobiT, romelic damokidebulia Sida procesis aRmwer funqciaze, an 

xarisxobrivi funqcionaliT (mowesrigeba: ukeTesi – uaresi). funqciuri 

aRweris ierarqiuli sqema motanilia nax. 1.3-ze. Cveulebriv sistemis 

funqcia sruldeba Tu sistemis parametrebi da procesebi Semofargluli 

arian garkveuli sazRvrebiT, romlis gareTac sistema iSleba an 

radikalurad icvlis Tavis Tvisebebs.  
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funqcionals, romelic saSualebas gvaZlevs raodenobrivad an 

xarisxobrivad SevafasoT (avRweroT) sistemis moRvaweoba (moqmedeba), 

uwodeben efeqturobis funqcionals.  

SeniSvna: funqcionali, maTematikuri cnebaa da niSnavs cvlad 

sidides, romelic damokidebulia funqciaze an ramdenime funqciaze. 

Tu efeqturobis funqcionali (zogjer mas efeqturobis 

maCvenebelsac uwodeben) metia raRac pirobiT zRurblze, maSin iTvleba, 
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rom sistema Tavis funqcias asrulebs, Tu naklebia maSin iTvleba, rom 

funqcias ar asrulebs (an funqcia ar sruldeba). unda gvaxsovdes, rom 

realurad zRurbli (iseve rogorc funqciis gansazRvra) gamoxatavs imis 

pozicias, vinc adgens aRweras. miuxedavad SesaZlo sistemaTa da 

funqciebis, faqtiurad, usasrulo mravalferovnebisa, efeqturobis 

damokidebuleba nebismieri parametrisagan (an funqciis damokidebuleba 

parametrisagan) sakmaod tipiuria. damokidebuleba moicavs sam tipiur 

ubans: susti da Zlieri kavSiris da gajerebis. TiToeul ubanze 

damokidebuleba SeiZleba iyos regularuli an araregularuli 

(naxtomebi aramdgrad sistemebSi). 

Cveulebriv sistemis muSaobisunarianobis farglebSi da dadebuli 

SezRudvebisas damokidebulebebi regularulia (nax. 1.4).  

 

 

 

 

 

 

 

aq motanili grafikebi imaze migviTiTeben, rom aris are: sadac 

sistemas axSobs garemo - “susti” damokidebuleba, sadac sistema ejibreba 

garemos - “Zlieri” damokidebuleba da sistema xdeba naklebad 

mgrZnobiare gareSe gavlenebisadmi (zemoqmedebebisadmi) - “gajerebuli” 

damokidebuleba. Tu sistemis funqciaa sakuTari mdgomareobis 

SenarCuneba, magaliTad temperaturis, xolo gareSe gavlena gamoixateba 

siTbos modinebiT, maSin sistema ewinaaRmdegeba am gavlenas 
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siTbogamtarobiT da temperaturis gaTanabrebiT. yvelaze ufro zogadi 

saxiT idea -  nebismierma sistemam winaaRmdegoba gauwios garemos 

zemoqmedebas, gamoxatulia leSatelies principiT. leSatelies principis 

Tanaxmad mastabilizebeli procesis SenarCuneba saWiroebs efeqturobis 

raRac odenobiT Semcirebas (pirvandel mniSvnelobasTan SedarebiT).   

arseboben sistemebi, romlebic gareSe zemoqmedebaze reagireben 

sxvadasxvanairad, kerZod, warmoSoben sakuTar TavSi procesebs ara 

zemoqmedebaTa Sesasusteblad, aramed aqtiuri gardaqmnisa da 

winaaRmdegobisa, romlebsac SeuZliaT Secvalon garemos parametrebi an 

pirveladi arasasurveli cvlilebebi gamoiyenon TavianT sasargeblod. 

amitom efeqturobis Semcirebas SeiZleba moyves misi gazrda. SeiZleba 

moxdes gardaqmna, romelic gamoiwvevs ara marto mdgomareobis Secvlas 

da axali procesebis warmoqmnas, aramed funqciis da sistemis 

muSaobisunarianobis sazRvrebis Secvlas.  

sistemis funqciuri aRwera fS  SeiZleba warmovadginoT 

SvideuliT: 

                
 ,,,,,, yQCxTS f                               (1.3) 

sadac T  – drois momentebis simravlea; X  – Semavali zemoqmedebis 

myisieri mniSvnelobaTa simravlea;  xTcC  :  - Semavali SesaZlo 

zemoqmedebaTa simravlea; Q   –  mdgomareobaTa simravlea; Y   –  gamosavali 

sidideebis simravlea -  yTuy  : ;  QcTTT  - mdgomareobaTa 

gardamavali funqciaa; yQT :  - gamosasvleli gardasaxvaa; c   – 

Semaval zemoqmedebaTa monakveTia; u  – gamosavali sidideebis monakveTia.  

sistemis aseTi asaxva, sakmaod zogadi da saerToa, moicavs 

TvisebaTa sakmaod did diapazons. misi naklia – arakonstruqciuloba: 

interpretaciis da praqtikuli gamoyenebis sirTule. unda vifiqroT, rom 

funqciurma aRweram unda asaxos rTuli da naklebad Secnobili 

sistemebis Semdegi maxasiaTeblebi: parametrebi, procesebi da ierarqia.  
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miviRoT, rom S   sistema asrulebs N   funqcias NS  ,...,..., 21 , 

romlebic damokidebuli arian n   procesebze        .,...,,...,, 111
2

1
1 ni FFFF  

S funqciis Sesrulebis efeqturoba 

              

            
N1,   S          ni

FFFF iSnSSSS





;,1

,...,, 111
2

1
1                  (1.4) 

sistemis saerTo efeqturoba aris veqtor-funqcionali  S .  

sistemis efeqturoba damokidebulia uamrav Sida da gare 

faqtorebze da amdenad am damokidebulebis cxadi saxiT warmodgena 

ukiduresad rTulia, xolo aseTi gamosaxulebis praqtikuli Rirebuleba 

umniSvneloa misi mravalganzomilebianobis da mravalkavSirianobis gamo. 

funqciuri aRweris racionaluri gzaa mravaldoniani ierarqiuli 

aRweris gamoyeneba, romlis drosac aRweris ufro maRali done 

damokidebuli iqneba qveda donis ganzogadoebul da faqtorizebul 

cvladebze. ierarqia iqmneba procesebis  iF  doneebis mixedviT 

faqtorizebiT ganzogadoebuli parametrebis  iQ  meSveobiT, romlebic 

warmoadgenen  iF  funqcionalebs. ivaraudeba, rom parametrebis ricxvi 

mniSvnelovnad mcirea cvladebis ricxvze, romlebzedac damokidebuli 

arian procesebi.  

aRweris aseTi meTodi saSualebas iZleva erTmaneTs davakavSiroT 

garemosTan urTierTmoqmedi elementebis Tvisebebi sistemis 

efeqturobasTan. 

  1
iF  procesebs SeiZleba davakvirdeT sistemis gamosasvlelze, es 

aris garemosTan urTierTmoqmedebis procesebi. vuwodoT maT pirveli 

donis procesebi da vivaraudoT, rom isini ganisazRvrebian:  

a) sistemis pirveli donis parametrebiT    m1,f    Q f ,1 ; 

b) garemos sistemis winaaRmdeg mimarTuli parametrebiT 

  K1,k   bk , ; 

g) garemos neitraluri (SemTxveviTi) parametrebiT   L1,e   Ce , ; 

d) garemos xelSemwyobi parametrebiT   P1,p    d p , .  
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sistemis efeqturobis variaciebi garemos parametrebis mimarT 

iqneba: 

      K1,k     bks  ;0~     L1,e     Ces  ;0~     P1,p     d ps  ;0~        (1.5)             

aq niSani  gasaSualebis maCvenebelia. & 

garemos uSualo kontaqti aqvs sistemis umdablesi donis 

qvesistemebTan, romelTa meSveobiTac is zemoqmedebs sistemis ufro 

maRali donis qvesistemebTan, ase, rom nebismieri donis procesisaTvis 

SegviZlia CavweroT       pekii dCbFF ,,**  . ierarqiis agebiT garemos 

Tvisebebi SeiZleba davakavSiroT sistemis efeqturobasTan.  

amrigad, ganmartebis Tanaxmad gvaqvs 

           

             
P1,p   L1,e   K1,k   ;m1,j   ni

dCbQFF pekjii





;;;,1

,,,111

            (1.6) 

Tavis mxriv zeda donis parametrebs gansazRvraven qveda donis 

procesebi, e.i. gvaqvs 

                   

       
M1,u    mj

FQQ ujj





;,1

211

                             (1.7) 

sistemis sakuTari funqciuri   are ewodeba ares, romlis 

wertilebsac warmoadgenen sistemis yvela SesaZlo mdgomareobebi, 

romlebic ganisazRvrebian parametrebiT   donemde (igulisxmeba, rom 

sistemis ierarqiuli dayofa moicavs   raodenobis dones) CaTvliT: 

                 
      QQQQ ,....,, 21                              (1.8) 

sistemis mdgomareoba SeiZleba SenarCunebuli iyos T   drois 

monakveTis ganmavlobaSi.  

procesebi  2
iF  ar SeiZleba aRmoCenili iqnas sistemis 

gamosasvlelze, esaa meore donis procesebi, romlebic Tavis mxriv 

damokidebuli arian  2
jQ  parametrebze. amrigad SegviZlia CavweroT:  

             
             pekjuu dCbQFF ,,,222                        (1.8.1) 

da             

                             322
ijj FQQ   
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da ase   bolo donisaTvis gveqneba: 

            
            pekjii dCbQFF ,,,                         (1.9) 

da             

                       
       1 

ijj FQQ  

amrigad, yalibdeba Semdegi ierarqia: efeqturoba – I donis 

procesebi (funqciebi) – I donis parametrebi (funqcionalebi) – II donis 

procesebi (funqciebi) – II donis parametrebi (funqcionalebi) da a.S. 

raRac doneze sistemis funqciuri Tvisebebis Sesaxeb Cveni codna iwureba 

da ierarqia wydeba.  

rac Seexeba pek dcb ,,  isini SeiZleba mocemuli iyos: 

funqcionalebiT, albaTobaTa ganawilebis kanonebiT      ppeekk dP   cP   bP ,, . 

SezRudvebiT *** ,,* pppeeekkk
ddd     ccc     bbb **  . 

sistemis gare maxasiaTeblebi ganisazRvreba ierarqiis zeda doniT, 

amitom zogjer SesaZlebelia davkmayofildeT aseTi saxis aRweriT: 

              pekjisi dcbQF ,,,,,, 11 . 

unda gvaxsovdes, rom         pekj dcbQ ,,,1  Sefasebis sizuste (Tu isini 

araa mocemuli) damokidebulia ierarqiis doneebis ricxvze da qveda 

pirvel doneze parametrebis an procesebis warmodgenis sizusteze, ase, 

rom ierarqiis doneebis ricxvi damokidebulia gamosavali procesebis 

saWiro sizusteze. ganvixiloT sxvadasxva SemTxvevebi. 

1. Seicvala ec   . es cvlileba SemTxveviTi xasiaTisaa da man 

SeiZleba gamoiwvios  -s rogorc Semcireba, aseve gazrda. ec   sasargeblo 

cvlilebis albaToba mcirea da saSualod   mcirdeba. sistemaSi 

ukumoqmedi faqtorebis aRZvris Sedegad SeiZleba Seicvalos erTi an 

ramdenime procesi  ,..,.....,, 21 iFFF  iseTnairad, rom ec   –is cvlilebis 

gavlena Sesustdes. imisaTvis, rom SenarCunebuli iqnas axali 

mdgomareoba       ,..,....,, 11
2

1
1 iFFF  saWiroa  -s Semcireba pirvandel sididesTan 

SedarebiT. sistemam reaqcia gaakeTa Tavisi procesebis SecvliT. ufro 
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Rrma cvlilebebi ar momxdara. es aisaxeba ierarqiis zeda safexurebze 

funqciuri aRweriT.  

2. ec   Seicvala mniSvnelovnad, ramac gamoiwvia  -s arsebiTi 

Semcireba. iF  procesebis Secvlas ar SeuZlia SeaCeros  -s Semcireba da 

warmoiSoba axali rF procesi, romelic nawilobriv akompesirebs 

arasasurvel zemoqmedebas. 

3. Seicvala ec  , ris Sedegadac sistemaSi Seicvala iQ   parametrebis 

nawili, ramac gavlena moaxdina sistemaSi mimdinare yvela procesze da 

gamoiwvia axali rF  procesebis warmoSoba. 

4. ec  cvlilebis Sedegad Seicvala iQ   parametrebis Semadgenloba, 

e.i. warmoiSva axali Tvisebebi. amasTan dakavSirebiT Seicvala sistemaSi 

mimdinare procesebi, efeqturoba aRdga an gadaaWarba pirvelad 

mniSvnelobas. yvela zemoT ganxilul SemTxvevaSi sistemam SeinarCuna 

Tavisi funqcia (daniSnuleba). 

5. ec   –is Secvlis Sedegad moxda iQ   da iF   iseTi Secvla, rom 

sistemam paralelurad ZiriTadi funqciisa SeiZina SesaZlebloba gavlena 

moaxdinos garemomcvel garemoze, ris Sedegadac ec  Seicvala adrindeli 

mimarTulebiT. am SemTxvevaSi gareSe zemoqmedebis wyalobiT sistemaSi 

moxda iseTi gadawyoba, ramac mas saSualeba misca gaefarToebina Tavisi 

gavlena da ukeTesad win aRdgomoda garemos cvlilebebs.  

6. ec   Secvlis Sedegad sistemam Seicvala adrindeli funqcia, 

SeiZina axali funqcia, sakmaod mniSvnelovani sistemis aRweris 

TvalsazrisiT, ufro vrceli, magaliTad, romelic Zvel funqcias 

Seicavs, rogorc qvefunqcias. sistema Zireulad Seicvala (Seicvala 

rogorc parametrebi, aseve procesebic) da gardaiqmna axal sistemad, sxva 

miznobrivi daniSnulebiT da sxva amocanebiT.  

ec   yvela ganxiluli cvlilebebi SeiZleba mimdinareobdes 

sxvadasxva tempSi da amazea damokidebuli Sedegi, Tanac ec   SeiZleba 

Seicvalos ise swrafad, rom sistemas ar SeeZleba moaxdinos maTze 

reagireba. sistema reagirebas moaxdens saSualo mniSvnelobebis 
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cvlilebaze, efeqturobis funqcionali miiRebs SemTxveviT mdgenels da 

efeqturobis Sefaseba unda moxdes statistikurad. sxva SemTxvevaSi ec  

cvlileba iqneba imdenad neli, rom sistema moaswrebs iQ   , iF  damuSavebas 

uSualod am cvlilebebis Sesabamisad. Cveulebriv xdeba erTic da 

meorec: garemos parametrebis nawili icvleba swrafad, sxva nawili – 

nela. sistema reagirebs pek dcb ,,  erTobliv cvlilebaze.  

swrafi procesebis SemTxvevaSi garkveul rols TamaSobs sistemis 

operatiuloba: unari swrafad miiRos informacia, daamuSaos is da 

ganaxorcielos Tavisi parametrebis da procesebis cvlileba. 

amrigad, Tu gaviTvaliswinebT, rom         dcbQQQ ,,, 111  , maSin 

sistemis funqciuri aRwera SeiZleba warmovadginoT aseTi saxiTac: 

             
            tQtQtQS ,...,, 21f                          (1.10) 

 

1.4. sistemebis morfologiuri aRwera 

 

morfologiurma aRweram warmodgena unda mogvces sistemis 

agebulebaze. is ar SeiZleba iyos yovlismomcveli da amomwuravi. aRweris 

siRrme, detalizaciis done, e.i. im elementebis arCeva, romlis SigniTac 

aRwera ar aRwevs, ganisazRvreba aRweris daniSnulebiT. morfologiuri 

aRwera, morfologiis konkretizacia xdeba im donemde, rac saWiroa 

sistemis Tvisebebis warmosadgenad (nax. 1.5). (morfologia – mecniereba 

risame agebulebis Sesaxeb).  

morfologiis Seswavla iwyeba elementebis Semadgenlobis 

SeswavliT. am SemTxvevaSi elementebis qveS igulisxmeba qvesistema, 

romlis SigniTac aRwera ar Sedis. elementebis Semadgenloba SeiZleba 

iyos homogenuri (Seicavdes erTi tipis elementebs), heterogenuli 

(Seicavdes sxvadasxva tipis elementebs) da Sereuli.  

homogenuroba elementebisa ar niSnavs maT srul identurobas da 

gansazRvravs maT TvisebaTa siaxloves. homogenurobas, rogorc wesi, Tan 

axlavs siWarbe da faruli SesaZleblobebis arseboba. heterogenuli 

elementebi arian specializebuli. isini ufro ekonomiuria da SeuZliaT 
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iyon efeqturni gare pirobebis viwro diapazonSi, magram swrafad 

kargaven efeqturobas am diapazonis gareT. homogenuri sistemebi, unda 

iTqvas, Tavisi organizaciiT ufro maRla dganan heterogenul sistemebze.  

morfologiis umniSvnelovanes niSans warmoadgens elementebis 

daniSnuleba (Tvisebebi). avRniSnoT energetikuli, materialuri da 

informaciuli elementebi. informaciis gadacemas sWirdeba energia, 

energiis gadatana ki SeuZlebelia informaciis gareSe; aucilebelia 

avRniSnoT ra ufro mniSvnelovania. energiis xarjva eleqtruli kavSiris 

sistemebSi umniSvneloa vidre energiis gadacemisas eleqtrogadamcemi 

xazebiT, xolo informaciis raodenoba, romelic gadaitaneba 

eleqtronebis Zalovani nakadiT (eleqtrogadamcemi xazis SemTxvevaSi) 

bevrad umniSvneloa imasTan SedarebiT, risi gadatanac xdeba 

kavSirgabmulobis xazebis meSveobiT. informaciuli elementebi 

gankuTvnilia informaciis miRebis, damaxsovrebis da gardasaxvisaTvis.   

unda ganvasxvaoT informaciis Seqcevadi da Seuqcevadi 

gardasaxvebi. Seqcevadi ewodebaT gardasaxvebs, romlebic ar arian 

dakavSirebuli informaciis dakargvasTan (SeqmnasTan). informaciis 

dagroveba (damaxsovreba) Seqcevadi gardasaxvaa mxolod im SemTxvevaSi, 

Tu ar xdeba informaciis dakargva misi Senaxvis periodis ganmavlobaSi. 

gadawyvetilebis miReba dakavSirebulia informaciis dakargvasTan.  

unda ganvasxvaoT informaciis Seqcevadi da Seuqcevadi 

gardasaxvebi. Seqcevadi ewodebaT gardasaxvebs, romlebic ar arian 

dakavSirebuli informaciis dakargvasTan (SeqmnasTan). informaciis 

dagroveba (damaxsovreba) Seqcevadi gardasaxvaa mxolod im SemTxvevaSi, 

Tu ar xdeba informaciis dakargva misi Senaxvis periodis ganmavlobaSi. 

gadawyvetilebis miReba dakavSirebulia informaciis dakargvasTan.  

informaciuli funqciebis Sesrulebis efeqturoba ganisazRvreba 

informaciis damaxinjebebiT da elementis muSaobis sqemiT 

gauTvaliswinebeli danakargebiT, romlebic uaryofiT gavlenas axdenen 

sxva elementebis muSaobaze da mTlianad sistemaze. elementebis 

energomomarageba, romlebic asruleben informaciul funqciebs, SeiZleba 
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xorcieldebodes  an  TviT  informaciuli  signaliT  (romelsac  unda 

gaaCndes energiis saWiro siWarbe), an calke energetikuli signaliT, 

romelic Semodis garedan, an Sida resursebis (energia momaragebulia 

TviT elementSi) angariSze. energetikuli elementebisaTvis didi 

mniSvneloba aqvs maT sargeblianobis koeficients, rac saboloo jamSi 

gansazRvravs elementis efeqturobas.  

 

 

 

 

 

 

 

 

energiis gardasaxva mdgomareobs energetikuli nakadis 

parametrebis SecvlaSi. Semavali energiis nakadi SeiZleba modiodes 

garedan (garemodan) an sxva elementebidan (romlebSic is momaragebulia 
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sistemis arsebobis ganmavlobaSi). gamosavali energetikuli nakadi 

mimarTulia sxva elementebisaken an garemosaken (misi gardasaxvisaTvis an 

pirobebis SenarCunebisaTvis, magaliTad temperaturis). energiis 

gardasaxvis procesi saWiroebs informacias, romelic SeiZleba 

koncentrirebuli iyos energetikul elementSi, romelic ar saWiroebs 

ganaxlebas, magram SeiZleba moxdes misi ganaxleba, Sevseba an Secvla 

sistemis sxva elementebisagan miRebuli informaciis safuZvelze. am 

SemTxvevaSi informaciis matarebeli SeiZleba iyos rogorc gardasasaxi, 

aseve gareSe energetikuli nakadi.  

energiis gardasaxvis procesis intensivoba da Sinaarsi SeiZleba 

icvlebodes sistemis sicocxlis ganmavlobaSi. amisTvis saWiro 

informacia SeiZleba Semodiodes sxva elementebidan an gamoimuSaos 

energetikulma elementma, romelic am dros asrulebs Sereul 

energetikul-informaciul funqcias. elementebs Sereuli funqciiT 

SeuZliaT momaragebuli energiis gacema brZanebiT, romelic Semodis sxva 

elementebidan. elementebi, romlebic gardaqmnian nivTierebas (garda 

nedleulisa) saWiroeben energias da informacias. erTsac da meoresac 

SeiZleba Seicavdes nivTieri elementi, an Semodiodes sistemis sxva 

elementebidan an garemodan.  

nivTierebis gardasaxva SeiZleba iyos meqanikuri (detalebis 

daStampva), qimiuri (plastmasis warmoeba), fizikuri (plazmis warmoqmna), 

biologiuri da a. S. rTul sistemebSi nivTierebis gardasaxva atarebs 

Sereul xasiaTs. nivTiereba SeiZleba gamoyenebul iqnas energiis 

misaRebad qvesistemebSi (elementebSi) Sereuli funqciebiT – nivTierebis 

da energiis gardasaxviT. nivTiereba SeiZleba gamoyenebul iqnas rogorc 

energiis da informaciis matarebeli (cocxali arsebebisaTvis sakvebi 

warmoadgens qimiuri energiis wyaros da erTdroulad informaciis 

matarebels, romelic avsebs disimilaciur xarjebs) sistemebSi Sereuli 

funqciebiT energiis, nivTierebis da informaciis gardasaxvisa.  

mizanSewonilia calke gamoiyos ganusazRvreli (anu neitraluri) 

elementebi. nebismier process (maT Soris SemTxveviTsac) ase Tu ise 

mivyavarT nivTierebis, energiis da informaciis gardasaxvamde. magaliTad 
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SeuZlebelia ganisazRvros iseTi elementebis daniSnuleba, rogorebicaa 

atomi myar sxeulSi, planeta mzis sistemaSi an varskvlavi galaqtikaSi 

da a. S.  

mecnierebi Tvlian, rom terminis „daniSnuleba“ gamoyeneba 

Tvisebebis gansazRvrisaTvis araa sasurveli. amitom im SemTxvevebSi, 

roca Tviseba araa gansazRvruli, SeuZlebelia misi winaswarmetyveleba 

an is ar atarebs stabilur xasiaTs, vuwodebT mas neitralurs (Tanac 

viTvaliswinebT aseTi ganmartebis srul pirobiTobas). nax. 1.6.-ze 

mocemulia elementebis TvisebaTa klasifikacia. 

sistemis morfologiuri Tvisebebi arsebiTadaa damokidebuli 

elementebs Soris kavSirebze. pirvel rigSi unda gamoiyos informaciuli, 

energetikuli, nivTieri kavSirebi, romlebsac ganvsazRvravT imave azriT,  
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rogorc iyo gansazRvruli informaciuli, energetikuli, nivTieri 

Tvisebebi. 

energetikuli kavSirebi saWiroa energiis gadasatanad, xolo 

informaciuli – informaciis gadasatanad. kavSirebs materiis 

gadasatanad gadaaqvT nivTiereba, magram erTdroulad – energiac da 

informaciac, ase rom kavSiris xasiaTi ganisazRvreba Sesabamisi 

komponentis xvedriTi wiliT. SesaZlebelia Sereuli kavSirebic. 

gamovyofT pirdapir, uku da neitralur kavSirs (nax. 1.7.). 

pirdapiri kavSirebi gankuTvnilia nivTierebis, energiis, 

informaciis an maTi kombinaciis gadasacemad erTi elementidan meoresTan 

Sesasrulebeli funqciis Tanmimdevrobis Sesabamisad. kavSiris xarisxi 

ganisazRvreba misi gamtarunarianobiT da saimedoobiT. ukukavSirebs 

ZiriTadad gaaCniaT procesebis marTvis funqcia. yvelaze ufro 

gavrcelebulia informaciuli ukukavSirebi. ukukavSirisas ivaraudeba 

garkveuli gardasaxva komponentisa, romelic Semodis pirdapiri 

kavSiriT, da gardasaxvis Sedegis ukan gadacema. gardasaxva SeiZleba iyos 

igiveobrivi (informacia informaciaSi, energia energiaSi) an 

araigiveobrivi (nivTierebis Semadgenlobis Secvla gardaisaxeba 

informaciaSi an energiaSi). 
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sistemebs, romlebsac SeuZliaT adaptireba an garemoze 

mizanmimarTuli zemoqmedeba, unda gaaCndeT ukukavSirebi. neitraluri 

kavSirebi ar arian dakavSiurebuli sistemis funqcionalur 

moRvaweobasTan, maTi winaswari amocnoba SeuZlebelia an SemTxveviTia. 

amasTan erTad neitralurma kavSirebma SeiZleba iTamaSon garkveuli 

roli adaptaciis procesSi, iTamaSon sawyisi resursis roli pirdapiri 

an ukukavSirebis formirebisas, an iyvnen rezervi. garkveul pirobebSi 

SesaZlebelia kavSirebis gardaqmna (pirdapiris ukukavSirad da 

neitralurad da a.S). morfologiuri aRwera SeiZleba Seicavdes 

miTiTebebs kavSiris arsebobasa da saxeobebze, Seicavdes agreTve 
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kavSirebis saerTo maxasiaTeblebs an maT raodenobriv da xarisxobriv 

monacemebs. 

sistemebis struqturuli Tvisebebi ganisazRvrebian elementebs 

Soris urTierTobebis xasiaTiTa da mdgradobiT. elementebs Soris 

urTierTobebis xasiaTis mixedviT struqturebi iyofian mravalkavSirian, 

ierarqiul da Sereul struqturebad. elementebis sivrceSi ganlageba da 

sivrceSi sistemebis lokalizacia aseve aRiwereba struqturiT. yvelaze 

ufro mdgradia determinirebuli struqturebi, romlebSic urTierTobebi 

ucvlelia an icvlebian raRac kanoniT. Tu elementebs Soris urTierToba 

(kavSiri) aRiwereba albaTobis Teoriis kanonebiT, struqturas ewodeba 

albaTuri. arsebobs agreTve qaotiuri struqturebi, romlebSic 

elementebi erTmaneTTan urTierTobaSi (kavSirSi) Sedian winaswar 

gamoucnobi saxiT. SesaZlebelia Sereuli struqturebic. struqturis 

Tvisebebi damokidebulia Sida momqmed Zalebze, elementebis da 

kavSirebis Tvisebebze. determinizms, iseve rogorc indeterminizms gaaCnia 

Tavisi srulyofilebis ierarqia. dabali done – sruli ucvleloba, 

Semdegi, ufro maRali done – garkveuli elementebis CarTva da gamorTva 

(Sesabamis pirobebSi), kidev ufro maRali donea – struqturis 

gafarToeba (garemosagan formirebuli elementebiT) mkacrad 

gansazRvruli mimarTulebiT, axali tipis elementebis Seqmna da a.S. 

sazRvari maRali donis stabilur da arastabilur struqturebs Soris 

araa gansazRvruli.  

sistemebis kompoziciuri Tvisebebi ganisazRvrebian elementebis 

qvesistemebSi gaerTianebis wesiT. ganvasxvavebT Semdeg qvesistemebs: 

efeqtoruls (romlebsac SeuZliaT gardaqmnan nivTieri an energiis 

zemoqmedeba an zemoqmedeba moaxdinon nivTierebiT an energiiT sxva 

qvesistemebze da sistemebze, maT Soris garemozec), receptoruls 

(romlebsac SeuZliaT gare zemoqmedeba gardaqmnan informaciul 

signalad, gadascen da gadaitanon informacia) da refleqsiuri 

(romlebsac SeuZliaT Tavis TavSi awarmoon procesebi informaciis 

doneze, moaxdinon informaciis generireba). aseve unda gaviTvaliswinoT 

ganusazRvreli qvesistemebis arsebobac, romelTa Tvisebebic ar SeiZleba 
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gansazRvruli iqnas. sistemebis kompozicias, romlebic ar Seicaven 

(elementebis donemde) qvesistemebs gamoxatuli TvisebebiT, vuwodebT 

susts. sistemebis kompoziciebs, romlebic Seicaven qvesistemebs 

gamoxatuli TvisebebiT, funqciebiT, ewodebaT, Sesabamisad, efeqtoruli, 

receptoruli an refleqsiuri qvesistemebi. sistemebis kompozicia, 

romlebic moicaven samive saxis qvesistemebs, vuwodebT sruls. sistemis 

elementebs (anu qvesistemebi, romlis SigniTac morfologiuri aRwera ar 

vrceldeba) SeiZleba gaaCndeT rogorc efeqtoruli, receptoruli an 

refleqsiuri Tvisebebi, aseve Tvisebebi nebismieri maTi kombinaciiT.  

amrigad, morfologiuri aRwera aris oTxeuli 

                     KVS ,,,     ,                           (1.11) 

sadac  i - aris elementebis da maTi Tvisebebis simravle (aq 

elementebis qveS isev igulisxmeba qvesistema, romlis SigniTac 

morfologiuri aRwera ar vrceldeba);  

         jVV  - kavSirebis simravle;  

         - struqtura;  

        K - kompozicia. 

vTvliT, rom yvela simravle sasrulia. 

        vansxvavebT   simravleSi: 

- Semadgenlobas: homogenuri, heterogenuli, Sereuli; 

- elementebis Tvisebebs: informaciuli, energetikuli, 

informaciul-energetikuli, nivTier-energetikuli, ganusazRvreli 

(neitraluri). 

V  simravleSi vansxvavebT: 

- kavSirebis daniSnulebas: informaciuli, nivTieri,energetikuli; 

- kavSiris xasiaTs: pirdapiri, ukukavSiri, neitraluri. 

  simravleSi vansxvavebT: 

- struqturis mdgradobas: determinirebuli, albaTuri, qaoturi; 

- agebas: ierarqiuli, mravalkavSiriani, Sereuli, gardamsaxi. 

K  kompoziciis simravleSi vansxvavebT: 

         -  susts: efeqtoruli qvesistemebiT, receptoruli qvesistemebiT, 

refleqsoruli qvesistemebiT, sruls, ganusazRvrels.  
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morfologiuri aRwera, iseve rogorc funqcionaluri, igeba 

ierarqiuli principiT qvesistemebis TanmimdevrobiTi dekompoziciis 

gziT.  

pirveli donis morfologiur aRweras eqneba saxe: 

        
            211111 ,,, ii SUKVS                                  (1.12) 

Sesabamisad meore donis aRweras eqneba saxe: 

       
            322222 ,,, ii SUKVS                                  (1.13) 

xolo   donisaTvis gveqneba 

       
            1,,, 

    ii SUKVS                             (1.14) 

sistemis dekompoziciis doneebi, Sesabamisad, funqcionaluri da 

morfologiuri aRwerebis ierarqiis doneebi, erTmaneTs unda emTxveodnen. 

msgavsad SeiZleba Caiweros sistemis morfologiuri Tvisebebi, 

oRond gamoviyenoT qveda indeqsebi da, magaliTad, gveqneba: 

        31,11,11,1 ,,, KVS   

es Cawera ki niSnavs, rom saqme gvaqvs sistemasTan, romelsac aqvs 

informaciuli elementebis homogenuri Semadgenloba, informaciuli 

pirdapiri kavSirebiT, determinirebuli ierarqiuli struqturiT, 

receptoruli qvesistemebiT.  

simravle  

        KV nmK ,,,   

;4,1K    ;5,1m    ;4,1n    .6,1  

SeiZleba aRiweros detalizaciis sxvadasxva xarisxiT, imisgan 

damokidebulebiT, Tu sistemis romeli qvesistemaa miCneuli elementad. 

morfologiuri aRwera SeiZleba SevadginoT sistemis TanmimdevrobiTi 

danawevrebiT nax. 1.7-ze warmodgenili sqemis Sesabamisad. es 

mosaxerxebelia im SemTxvevaSi Tu ierarqiis erTidaigive donis 

elementebs Soris kavSirebi arc ise rTulia. praqtikuli amocanebis 

gadasaWrelad ufro produqtiulia aRwera erTaderTi wevriT an maTi 

mcire raodenobiT. struqturis TiToeuli elementi SeiZleba aRiweros, 

Tavis mxriv, funqcionalurad da informaciulad. struqturis 
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morfologiuri Tviseba xasiaTdeba elementebs Soris kavSiris damyarebis 

droiT da kavSiris gamtarunarianobiT. 

 

 

1.5. sistemebis informaciuli aRwera 

 

informaciulma aRweram warmodgena unda mogvces sistemis 

organizaciaze. termini “informacia” saWiroebs ganmartebas. mas gaaCnia 

ramodenime mniSvneloba: 

1. erToblioba raime cnobebisa, codnisa raRacis Sesaxeb; 

2. cnobebi, romlebic warmoadgenen Senaxvis, gadacemis da 

gadamuSavebis  obieqts; 

3. erToblioba raodenobrivi monacemebisa, romlebic gamoisaxeba 

cifrebis an mrudeebis, grafikebis meSveobiT da gamoiyenebian raRac 

cnobebis Segrovebis da damuSavebisas; 

4. cnobebi, signalebi garemomcvel samyaroze, romlebsac 

aRiqvamen organizmebi cxovelmoqmedebisas; 

5. biologiaSi – erToblioba qimiurad dakodirebuli 

signalebisa, romlebic gadaecemian erTi cocxali obieqtidan meores 

(mSoblebidan STamomavlobas) an erTi ujredidan, qsovilidan, 

organoebidan sxvebs saxeobis ganviTarebis procesSi; 

6. maTematikaSi, kibernetikaSi – raodenobrivi zoma entropiis 

(gaurkvevlobis) acilebisa, sistemis organizaciis sazomi; 

7. filosofiaSi – materialuri obieqtebis da procesebis 

Tviseba SeinarCunon da dabadon garkveuli mdgomareoba, romelic 

sxvadasxva nivTier-energetikuli formiT SeiZleba gadaeces erTi 

obieqtidan meores, xarisxi raime obieqtis (sistemis) organizebulobisa. 

(14) ganmartebebi informacias warmoadgenen, rogorc cnobas, 

monacemebs, Setyobinebebs, signalebs, romlebic eqvemdebarebian gadacemas, 

miRebas, damuSavebas, Senaxvas da asaxaven realobas an inteleqtualur 

moRvaweobas. 
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yvela ganmartebaSi, bolo ganmartebis garda, informacia 

ganixileba, rogorc gamaerTianebeli kategoria, romelic SeiZleba 

axsnili iqnas ufro martivi kategoriebiT. bolo ganmartebaSi 

informacia Tavidanve, ganusazRvreli kategoriaa, romelic SeiZleba 

Seswavlili iqnas misi Tvisebebis meSveobiT, anu informacia 

materialuria (rogorc nivTiereba da energia), vlindeba materiis 

TvisebaSi organizaciisadmi (rogorc energia – urTierTmoqmedebisadmi), 

gamoxatavs organizebuli materiis unars gansazRvros Tavisi 

mdgomareobebi (romelic akavSirebs sivrciT Tvisebebs droiT 

TvisebebTan). 

fizikurad informacia gansazRvravs droSi obieqtis (sistemis) 

Tvisebebsa da qcevis winaswarganWvretis SesaZleblobas, rac ufro 

maRalia organizacia (metia informacia), miT naklebad ganicdis obieqti 

garemos zemoqmedebas. 

mecnierebis azriT SesaZlebelia, rom organizaciis formebi 

urTierTgardasaxvadi iyos mkacrad gansazRvruli raodenobrivi 

TanafardobiT, romelic gamoisaxeba informaciis meSveobiT. amisi 

damtkiceba SesaZlebelia mxolod eqsperimentalurad. raodenoba da 

Rirebuleba informaciisa urTierTSemavsebeli kategoriebia. SeiZleba 

vilaparakoT “Rirebuli informaciis raodenobaze” raRac mocemul 

mizanTan dakavSirebiT, imis msgavsad, rogorc vambobT xolme “Rirebuli 

nivTierebis raodenobaze” an “Rirebuli energiis raodenobaze”.  

sistemis aRwerisas, e.i. misi modelirebisas xSirad SevxvdebiT 

termins entropia, romelsac uwesrigobis zomas vuwodebT da mis 

sapirispiro termins negentropia – mowesrigebulobis, organizebulobis 

zoma. magram ras niSnavs organizebuloba? misi gansazRvreba fizikaSi ar 

arsebobs, arsebobs mxolod misi intuiciuri aRqma. CavTvaloT, rom 

organizebuloba pirveladi cnebaa.  

sistemis organizebuloba, mowesrigebu,loba – esaa misi unari 

Tavisi perspeqtivis, momavlis winaswar gansazRvra – warmarTvisa. cxadia, 

sistemis perspeqtiva damokidebulia garemozec. rac ufro uwesrigoa 

sistema, miT ufro Zlieraa misi perspeqtiva damokidebuli SemTxveviT 
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faqtorebze (Sida da gareSe faqtorebze). mowesrigebulobis amaRleba 

niSnavs faqtorebs Soris damokidebulebis gazrdas, romlebic 

gansazRvraven sistemis qcevas (mdgomareobas). gareSe SemTxveviT 

faqtorebTan mimarTebaSi es niSnavs, rom sistemas SeuZlia daadginos 

Sesatyvisoba garemos Tvisebebsa da sistemis funqciebs Soris. 

Sesatyvisobis dadgena moiTxovs garemos asaxvas sistemaSi. 

amrigad, negentropia SeiZleba gavigoT, rogorc potenciuri zoma 

sistemis momavlis winaswarmetyvelebisa, sistemis SesaZlo mdgomareobis 

(qcevis) eqstrapolaciis raodenobrivi Sefaseba. negentropia amave dros 

aris potenciuri zoma garemos momavlis winaswarganWvretisa. Sesabamisad 

sistemis organizaciis Sesaxeb informacia – esaa raodenobrivi 

daxasiaTeba mdgomareobis (qcevis) eqstrapolaciisa sistemis saWiro 

detalizaciis donemde. eqstrapolaciis potenciuri Secdoma izomeba 

entropiiT. informacia sistemis organizaciis Sesaxeb warmoadgens mis 

Sida informacias.  

sistemis Sida informacia aris informacia TviTSenarCunebisa, es 

ki iZleva uflebas vilaparakoT informaciaze, rogorc materiis 

“ganuyofel Tvisebaze”, ramdenadac informacia dakavSirebulia sistemis 

mdgomareobis albaTur zomasTan, SeiZleba vamtkicoT, rom informaciis 

Rirebuleba izrdeba misi albaTur movlenebze zegavlenis zrdasTan 

erTad, romelsac is warmoadgens. umaRlesi Rirebuleba aqvs im 

informacias, romelic am movlenas xdis “TiTqmis” WeSmarits, im pirobiT, 

rom informaciis ararsebobisas is “TiTqmis” SeuZlebelia. 

imisaTvis, rom sistema moqmedebdes da urTierTmoqmedebdes, is 

unda moixmardes informacias garemosagan da awvdides informacias 

garemos. am process uwodeben informaciul metabolizms anu sistemasa 

da garemos Soris informaciis cvlas. is nivTier da energetikul 

metabolizmTan erTad qmnis srul metabolizmss. ara yovelgvari 

informacia (rogorc ara yovelgvari nivTiereba da energia) sWirdeba 

sistemas: sWirdeba informacia raRac gansazRvrulze da Sesabamisi 

detalizaciiT. 
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funqcionaluri procesebi sistemaSi mWidrodaa dakavSirebuli 

informaciul procesebTan. sistemis funqcionirebisaTvis informaciis 

wyaros warmoadgens Sida resursi da garemo, xolo matarebels – 

nivTiereba (morfologiuri informacia) da energia (signalebi). garemodan 

informaciis aRqma da gamoyeneba aseve saWiroebs Sida (apriorul) 

informacias. magaliTad, meqanikuri detalis an eleqtronuli blokis 

gacveTisas ikargeba informacia (nivTierebis kargva SeiZleba iyos 

umniSvnelo, an saerTod ar iyos), detalis Secvla vargisiani detaliT 

niSnavs moxdes sistemis informaciuli danakargis Sevseba. aprioruli 

informacia ki Tavmoyrilia sistemis danarCen detalebSi (blokebSi), 

romlebic igulisxmeba, rom gamarTul mdgomareobaSi arian da romelTa 

gareSec axali detali usargebloa.  

Sida informacia gansazRvravs sistemis ganviTarebas, 

mizanmimarTulebas da moRvaweobas. is SeiZleba icvlebodes droSi, 

grovdebodes an irRveodes. sayuradReboa, rom is nawili informaciisa, 

romelic mimdinare amocanisaTvis Rirebulebas ar warmoadgens, SeiZleba 

Rirebuli aRmoCndes momavalSi. 

amrigad, informaciuli aRwera gansazRvravs sistemis 

morfologiuri da funqcionaluri Tvisebebis damokidebulebas Sida 

(sakuTari Tavisa da garemos Sesaxeb) da gareSe (romelic Semodis 

garemodan) informaciis xarisxsa da raodenobaze. gavixsenoT, rom 

determinirebuli sistema (S1), romelic moqmedebs zustad masSi Cadebuli 

programis Sesabamisad, kargavs moqmedebis unars, rogorc ki es meTodi 

ar Seesabamebodes iqneba garemo pirobebs; mizandasaxuli sistema (S0), 

irCevs ra moqmedebis wess garemo pirobebis gaTvaliswinebiT, ucvlelad 

inarCunebs mizans.  

amrigad, funqcionaluri, morfologiuri da informaciuli 

aRwerebi saSualebas iZlevian srulad avsaxoT sistemis umTavresi 

Tvisebebi.  
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1.6. sistemebis klasifikacia 

 

klasifikaciis mizania – msgavsi sistemebis dajgufeba da maTi 

gamokvlevis saerTo meTodebis dasabuTeba. bevri aRweriTi 

mecnierebisaTvis klasifikacia warmoadgens gamokvlevebis ZiriTad 

saSualebas, ufro metic – TviTmizansac ki. magram es ar exeba 

sistemologias, sadac klasifikacia atarebs pirobiT xasiaTs da 

gankuTvnilia ara imdenad msgavsebaTa aRsawerad, aramed gansxvavebaTa 

gamosavlenad.  

sistemebis klasifikaciis safuZvels warmoadgens organizacia. 

miRebulia, rom rac ufro maRalia organizacia, miT ufro maRalia 

sistemis klasi. 

nax. 1.8.-ze naCvenebia sistemis klasifikaciis zogadi sqema. 

fizikur sistemebs ar gaaCniaT stabiluri (Sida resursebis 

mxardaWeriT) organizacia da aSkarad gamokveTili miznobrivi funqcia.  

teqnikur sistemebs gaaCniaT stabiluri organizacia da mkveTrad 

gamoxatuli miznobrivi funqcia (funqciebi). teqnikuri sistemebi iqmneba 

adamianebisa da bunebis mier. funqciuri Taviseburebebi gansazRvraven 

teqnikuri sistemebis srulyofis sxvadasxva dones: martiv teqnikur 

sistemebSi efeqturobis SenarCuneba xdeba mxolod procesebis 

regulirebiT; rTul teqnikur sistemebSi ki efeqturobis SenarCuneba 

xdeba parametrebis regulirebiT. 

kibernetikuli sistemebi warmoadgenen ufro mravalferovan klass 

sistemebisa, romlebic gamoirCevian didi sirTuliT da organizebulobiT, 

rac miiRweva didi raodenobis elementebiTa da kavSirebiT. aRniSnuli 

sistemebi gamoirCevian TviTSeswavlis da TviTorganizebis unariT (raRac 

sazRvrebSi). 

ansxvaveben programul, adaptur da aqtiur kibernetikul 

sistemebs. programul sistemebs ar SeuZliaT TviTsrulyofa. 
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adapturi kibernetikuli sistemebi gamoirCevian TviTSeswavlisa da 

cvlad garemosTan TviTSeguebis unariT – ra Tqma unda raRac 

sazRvrebSi. 

 

 

 

 

 

aqtiur kibernetikul sistemebs SeuZliaT Seasrulon TavianTi 

funqciebi garemoze zemoqmedebiT. 

biologiuri sistemebi sakmaod farTo klasia sistemebisa, maTi 

Zalze mokle daxasiaTebaa is, rom biologiuri sistemebisaTvis 

damaxasiaTebelia sakuTari organizaciis gardasaxvis unari da 

gamravleba  
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sazogadoebrivi sistemebis qveS ki moiazreba adamiani da 

adamianebis gaerTianeba. am sistemebs SeswevT unari Seamciron rogorc 

sakuTari entropia (araorganizebulobis maCvenebeli), aseve garemomcveli 

garemos nawilis entropiac. sazogadoebrivi sistemebis ZiriTad 

gansxvavebas biologiuri sistemebisagan warmoadgens is, rom maT 

SeuZliaT miznidan gamomdinare Secvalon sakuTari da garemos nawilis 

organizacia.  

inteleqtualuri sistemebis cnebis qveS gaerTianebulia 

informaciuli modelebi nebismieri donis sistemebisa da qvesistemebisa. 

realuri sistemebisagan gansxvavebiT, inteleqtualuri sistemebi SeiZleba 

iqmnebodes formalurad am modelis farglebSi moqmedi kanonebis 

safuZvelze, romlebic SeiZleba ar emTxveodes bunebis kanonebs.  

inteleqtualuri sistemebis qveklasi – konkretuli sistema, 

adeqvaturad asaxavs realobas adre arsebuls an mosalodnels. 

abstraqtuli sistemebis qveklasi, mTlianad efuZneba adamianis aRqmebsa 

da asociaciebs, maT SeiZleba ar gaaCndeT xiluli (naTeli) kavSiri 

realobasTan da iZenen damoukidebel Tvisebebs. abstraqtuli sistemis 

sirTule damokidebulia sazogadoebrivi sistemebis im qveklasze, 

romelic stimuls aZlevs inteleqtualuri sistemebis Seqmnas.  

cxadia aq Cven gavakeTeT mxolod miniSnebebi sistemebis saerTo 

klasifikaciaze, klasebis gansxvavebaze, da es unda iyos cxadi, vinaidan 

TiToeuli klasis detaluri ganxilva Sesabamisi mecnierebaTa 

prerogativaa da scildeba Cveni saxelmZRvanelos SesaZleblobebs da 

moTxovnebs.  
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nawili II 

modelirebis daniSnuleba da saxeebi 

 

2.1. modelirebis Teoriis ZiriTadi cnebebi.  

modelirebis saxeebi, formalizacia 

 

modeli – obieqti – Semcvleli obieqtisa, romelic uzrunvelyofs 

originalis garkveuli Tvisebebis Seswavlas. modeli uzrunvelyofs 

obieqti-originalis gamokvlevis TvasaCinoebas. 

modelireba – erTi obiqtris Secvla sxva obieqtiT im mizniT, rom 

miRebuli iqnas informacia obieqti-originalis mniSvnelovani Tvisebebis 

Sesaxeb obieqti-modelis meSveobiT. (Semdeg simartivisaTvis nacvlad 

terminisa `obieqti-originali~ gamoviyenebT termins `obieqti~, xolo 

`obieqti-modeli~ nacvlad – termins `modeli~). 

modelebi SeiZleba iyos SedarebiT sruli da arasaruli. msgavsebis 

Teoria amtkicebs, rom absolutur msgavsebas SeiZleba qondes adgili Tu 

obieqts vcvliT zustad aseTive obieqtiT. maSin azrs kargavs 

modelireba. 

sruli modeli axasiaTebs obieqtis yvela ZiriTad Tvisebas droSi 

da sivrceSi. 

arasruli modeli axasiaTebs obieqtis Tvisebebis SezRudul nawils. 

modelis obieqtTan adekvaturoba – damTxveva modelirebis 

Sedegebisa da obieqtze Catarebuli eqsperimentebis Sedegebisa. 

rTuli obieqtebis (sistemebis) modelirebisas ganixileven: 

makromodelirebas – sistemis modelireba mTlianobaSi qvesistemebis 

doneze; mikromodelirebas – sistemis qvesistemebis modelireba 

elmentebis doneze. 
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ansxvaveben fizikur modelirebas da maTematikur modelirebas, 

Sesabamisad yvela modeli winaswar SeiZleba daiyos or jgufad: fizikur 

(materialur) da maTematikur (abstraqtul) modelebad. 

fizikur models uwodeben obieqts (sistemas), romelic 

ekvivalenturia an msgavsia obieqti-originalis, an romlis 

funqcionirebis procesi iseTivea rogorc originalis, da gaaCnia igive an 

sxva fizikuri buneba. SeiZleba gamovyoT fizikuri modelirebis Semdegi 

saxeebi: naturaluri, kvazinaturaluri, masStabiani da analoguri.  

naturaluri modelebi – esaa realuri sakvlevi obieqtebi (sistemebi). 

maT uwodeben maketebs da sacdel nimuSebs. naturalur modelebs gaaCnia 

sruli adekvaturoba obieqti-originalis, rac uzrunvelyofs maRal 

sizustes da modelirebis Sedegebis sandoobas. nebismieri avtomobislis, 

TviTmfrinavis, saborto eleqtronuli sistemebis da a.S. proeqtireba 

sruldeba maTi sacdeli nimuSebis damzadebiT (naturaluri modelebis) 

da gamocdiT. 

kvazinaturaluri modelebi warmoadgenen naturaluri da 

maTematikuri modelebis erTobliobas. modelebis es saxe gamoiyeneba im 

SemTxvevaSi, rodesac maTematikuri modeli obieqt originalis (sistemis) 

nawilisa araa damakmayofilebeli (magaliTad, adamiani-operatoris 

modeli) an rodesac sistemis nawili unda iqnas gamokvleuli sxva 

nawilebTan urTieTmoqmedebaSi, magram es nawilebi jer ar arseboben, an 

maTi CarTva modulSi Znelia an Zviria (araa mizanSeweonili). magaliTad, 

sxvadasxva teqnologiuri procesebis, sawarmoebis avtomatizebuli 

sistemebis Seqmnis procesi. 

masStabiani modeli – esaa obieqti-modeli imave fizikuri bunebisa, 

rac obieqti-originali, magram gansxvavdeba misgan masStabebiT. 

masStabiani modelirebis safuZvels warmoadgens msgavsebis Teoria, 

romelic iTvaliswinebs originalis da modelis geometriul msgavsebas 

da Sesabamis masStabebs maTi parametrebisaTvis. magaliTad, 

TviTmfrinavebis maketebis gamocda haerodinamiur milSi, 

hidronagebobebis Tvisebebis seswavla wylis nakadebisa da nagebobaTa 

makeTebis meSveobiT da a.S. 
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analogur modelebs uwodeben obieqtebs (sistemebs), romlebsac 

gaaCniaT obieqt-originalisagan gansxvavebuli fizikuri buneba, magram 

xasiaTdebian misi msgavsi funqcionirebis procesebiT.  am dros 

aucileblad daculi unda iyos piroba: modelis da obieqtis paramtrebi 

calsaxad unda Seesabamebodnen erTmaneTs, aseve erTmaneTs unda 

Seesabamebodnen maTSi mimdinare procesebis uganzomilebo maTematikuri 

aRwerebi. analoguri modelis Sesaqmnelad aucilebelia arsebobdes 

sakvlevi sistemis maTematikuri aRwera. 

analoguri modelebad gamoiyneba, meqanikuri, hidravlikuri, 

pnevmaturi sistemebi, magram yvelaze ufro farTod gamoiyeneba 

eSleqtruli da eleqtronuli analoguri modelebi, romlebSic denis 

Zala an Zabva warmodgendnen sxva bunebis fizikuri sidideebis analogebs. 

 

2.1.1. maTematikuri modeli, maTi gamoyeneba 

 

maTematikuri modeli warmoadgens obieqti-originalis 

formalizebul aRweras abstraqtul enis meSveobiT, kerZod ki 

maTematikuri TanafardobebiT, romlebic asaxaven (sistemis) obieqtis 

funqcionirebis proxess (an raime sxva maxasiaTeblebs). modelis 

Sesadgenad SeiZleba gamoyenebuli iqnas nebismieri maTematikuri 

saSualeba – algebruli, diferencialuri da integraluri aRricxva, 

simravleTa Teoria, algoriTmebis Teoria da a.S. faqtiurad maTematika 

mTlianad, SeiZleba iTqvas, emsaxureba obieqtis an procesebis modelebis 

Sedgenas da gamokvlevas.  

modelirebis miznebi da obieqti-originalis damaxasiaTebeli 

Strixebi gansazRvraven modelebis da maTi kvlevis meTodebis 

Taviseburebebs. magaliTad, maTematikuri modelebi SeiZleba 

klasificirebul iqnas determinirebul da stohastikur modelebad. 

pirveli tipis modelebi xasiaTdebian calsaxa damokidebulebebiT 

parametrebsa da maxasiaTeblebs Soris, xolo meore SemTxvevaSi – 

myardeba calsaxa damokidebuleba am sidideebis statistikur 

mniSvnelobebs Soris. maTematikur modelebs Soris maTi gamokvlevis 
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meTodikis mixedviT SeiZleba gamovyoT: analizuri, ricxviTi da 

imitaciuri modelebi. 

analizuri modeli ewodeba iseT formalizebul aRweras obieqti-

originalisa (sistemisa), romelic saSualebas iZleva miRebuli iqnas 

calsaxa amoxsna gantolebisa,  

                     ),,( mmnmiмк TxsfY                                    (2.1) 

cnobili maTematikuri aparatis gamoyenebiT. [(2.1.)-Si mkY -aris sistemis 

maxasiaTeblebis simravele,  mis ‐  aris sistemis parametrebis simravle, 

 mnx ‐  sistemaze gare zemoqmedebaTa simravle, mT - dro, (2.1) warmoadgens 

(1.1) gamosaxulebis garkveul konkretizacias]. 

ricxviTi modeli xasiaTdeba (2.1) iseTi damokidebulebiT, romelic 

saSualebas iZleva kerZo ricxviTi amoxsnebis miRebisa konkretuli 

sawyisi pirobebisa da modelis raodenobrivi maxasiaTeblebisaTvis. 

imitaciuri modeli – esaa erToblioba aRwerebisa obieqti – 

originalis (sistemis) da gare zemoqmedebis, obieqtis 

(sistemis)funqcionirebis algoriTmebis an sistemis (obieqtis) 

mdgomareobis Secvlisa gareSe da Sida SemSfoTi zemoqmedebis gavleniT. 

imitaciuri modelebisaTvis damaxasiaTebelia movlenebis, romlebic 

aRiwereba maTematikuri modelebiT, aRwarmoeba maTi logikuri 

stuqturis, droSi monacvleobis, zogjer fizikuri Sinaarsis 

SenaCunebiT, romelic sruldeba specialuri modelirebis danadgaris an 

kompiuteris meSveobiT. 

procesis (sistemis) kompiuterze modelirebisas aucilebelia moxdes 

misi maTematikuri modelis gardasaxva specialur mamodelirebel 

algoriTmad.  

aRniSnuli algoriTmis Sesabamisad kompiuterSi gamomuSavdeba 

informacia, romelic aRwers sakavlevi procesis (sistemis) elementarul 

movlenebs maTi kavSirebisa da urTierTgavlenis gaTvaliswinebiT. 

cirkulirebuli informaciis garkveuli nawili SeiZleba gamoibeWdos da 

gamoyenebul iqnas procesis im maxasiaTeblebis dsadgenad, romelic unda 

iqnes miRebuli modelirebis Sedegad. 
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procesebis (sistemebis) imitaciuri meTodebiT kvlevisas ar aris 

saWiro Seiqmnas specialur mamodelirebeli danadgarebi an 

specializebuli cifruli gamoTvliTi manqanebi. 

sxva meTodebisagan gansxvavebiT, imitaciuri modelireba warmoadgens 

gansakuTrebiT xelsayrel meTods SemTxveviTi (albaTuri) procesebis 

Sesaswavlad. 

 

     2.1.2. modelebis ageba 

 

amrigad, nebismieri maTematikuri modeli warmoadgens obieqti-

originalis (sistemis) abstraqtul aRweras, romlis detalizaciis dones 

gansazRvravs TviTon mkvlevari (dampoeqtebeli). adamiani Rebulobs 

gadawyvetilebas imis Sesaxeb warmoadgens Tu ara obieqti-originalis 

(sistemis) elementi mniSvnelovan elements da Sesabamisad, CarTuli 

iqneba Tu ara is sistemis aRweraSi – modelSi. aRniSnuli 

gadawyvetilebis miReba xdeba im miznis gaTvaliswinebiT, romelic 

safuZvlad udevs modelis Seqmnas. modelirebis warmatebiT 

ganxorcieleba imazea damokidebuli, Tu ramdenad kargad SeuZlia 

mkvlevars (damproeqtebels) gamoyos arsebiTi elementebi da maT Soris 

kavSirebs. nax. 2.1. motanilia modelis agebis procesis sqema. sistemis 

morfologia, rogorc ukve vnaxeT, moicavs sistemis elementebs, maT 

kavSirebs garkveuli funqciis realizaciisTvis (funqciuri aRwera). unda 

gvaxsovdes, rom sistemis gansazRvreba umetesad subieqturia, e.i. is 

damokidebulia aramarto modelis damuSavebis (Seqmnis) mizanze, aramed 

imazec Tu konkretulad vin gansazRvravs sistemas. 

amrigad, modelirebis procesi iwyeba modelis damuSavebis miznis 

gansazRvriT, romlis safuZvelzec SemdegSi dgindeba sistemis sazRvrebi 

da dasamodelirebeli procesebis detalizaciis done. detalizaciis 

arCeuli done saSualebas unda iZleodes moxdes abstragireba arazustad 

gansazRvruli, informaciis ukmarisobis gamo, realuri sistemis 

funqcionirebis aspeqtebisagan. sistemis aRweraSi, amasTan erTad, unda 

iyos CarTuli sistemis funqcionirebis efeqturobis Sefasebis 
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kriteriumebi da Sefasebuli alternatiuli gadawyvetilebebi, romlebic 

SeiZleba ganxiluli iqnas, rogorc modelis Semadgeneli nawili an  

 

 

 

 

 

rogorc misi Sesasvlelebi. alternatiuli gadawyvetilebebis 

Sefaseba efeqturobis mocemuli kriteriumebiT ganixileba rogorc 

modelisgamosasvlelebi. Cveulebriv alternativebis Sefaseba moiTxovs 

sistemis aRweraSi cvlilebebis Setanas da Sesabamisad, modelis 

gadawyoba-gadakeTebas. amitom praqtikaSi modelirebis procesi 

iteraciulia. mas Semdeg, rac miRebuli alternativebis Sefasebis 
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safuZvelze gamomuSavebuli iqneba rekomendaciebi, SeiZleba daiwyos 

modelirebis Sedegebis danergva. am dros rekomendaciebSi zustad unda 

iyos gansazRvruli rogorc ZiriTadi gadawyvetilebebi, aseve maTi 

realizaciis pirobebi. 

  aRwerili midgoma savsebiT gamosadegia imitaciuri modelebis 

Sesaqmnelad. imitaciuri modelirebis meSveobiT SeiZleba aigos rogorc 

agregirebuli (makro), aseve detalirizebuli (mikro) modelebi. 

imitaciuri modelebisaTvisac damaxasiaTebelia modelirebis iteraciuli 

agebis koncefcia, romlis drosac modeli icvleba axali elementebis 

damatebiT an Zveli elementebis gamoklebiT da (an) maT Soris kavSirebis 

SecvliT. es aspeqtebi ufro dawvrilebiT axsnili iqneba 

saxelmZRvanelos momdevno nawilSi. 

 

     2.1.3.rTuli sistemis elementis maTematikuri modeli 

 

mTlianobaSi rTuli sistemis maTematikuri modelis Seqmna, bevr 

SemTxvevaSi, SeuZlebeli xdeba misi funqcionirebis (funqciuri aRweris) 

procesis sirTulis gamo. am SemTxvevaSi mimarTaven rTuli sistemis 

dayofas sasurveli raodenobis qvesistemebad, romelTa Soris 

SenarCunebulia kavSirebi, romlebic saSualebas iZlevian 

gaTvaliswinebuli iqnas maTi urTierTmoqmedeba sistemaSi. sistemis 

qvesistemebad dayofis proceduras vagrZelebT manam sanam ar miviRebT 

iseT qvesistemebs, romlebic modelirebis miznis-gansaxilveli amocanis 

pirobebiT CaiTvleba sakmaod martiv da mosaxerxebel qvesitemebad 

uSualo maTematikuri modelirebisaTvis. rogorc vnaxeT, im qvesitemebs, 

romlebic ar eqvemdebarebian Semdgom dayofas, vuwodeT rTuli sistemis 

elementebi. 

dasamodelirebeli obieqtis warmodgenas elementebisagan Semdgari 

mravaldoniani konstruqciis saxiT vuwodebT obieqtis struqturizacias. 

struqturizebul sistemaSi materialuri garemos obeqtebs warmoadgenen 

mxolod elementebi da maT Soris kavSirebi. elementebis gaerTianeba 

qvesistemebSi-formaluri, sufTad struqturuli operaciaa; mas ar 
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Semoaqvs raime axali obieqti materialuri garemosi sistemis elementebis 

erTobliobaSi da maT Soris kavSirebSi da ar gamoricxvas arsebuls. 

amrigad, rTuli sistemis maTematikuri modeli Sedgeba elementebis 

maTematikuri modelebisagan da elementebs Soris urTierTmoqmedebis 

maTematikuri modelisagan. 

cxadia, rom materialuri garemos nebismieri obieqtis maTematikuri 

modeli arsebiTadaa damokidebuli mis Tvisebebsa da funqcionirebis 

Taviseburebebze. amitom funqcionirebis procesi erTi da igive obieqtisa 

SeiZleba aRiweros sxvadasxvanairad, imisda mixedviT Tu modelirebisas 

ra amocanaa dasmuli. 

ase magaliTad, Tu ganvixilavT eleqtromagnitur reles (nax. 2.2.) 

imisda mixedviT, Tu rogoria modelirebis amocana, erT SemTxvevaSi Cven 

mas ganvixilavT, rogorc eleqtroteqnikur elements romlis 

daniSnulebaa Sesavalze x  Zabvis miwodebiT moxdes Ruzis mizidva 

gulanis mier da gamosasvlelze y  Zabvis miReba. am SemTxvevaSi interess 

warmoadgens Ruzis da gulanis parametrebis gaTvaliswinebiT xviaTa 

parametrebis gansazRvra. meore SemTxvevaSi is SeiZleba ganvixiloT, 

rogorc logikuri elementi, raime ufro rTuli sistemisa. am SemTxvevaSi  
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rele gamodis rogorc logikuri elementi da kontaqturi sqemis 

funqcionirebis procesis aRsawerad gamoiyeneba maTematikuri logikis 

aparati. praqtikaSi msgavs situaciebs vxvdebiT Zalze xSirad. xazi unda 

gaesvas im garemoebas, rom rTuli sistemis elementis martivi da 

mosaxerxebeli maTematikuri modelis ageba moiTxovs did xelovnebas da 

codnas. am SemTxvevaSi mniSvnelovani daxmareba SeiZleba gagviwios 

tipiuri maTematikuri sqemebis codnam, romlebic Zalian xSirad 

gamoiyenebian maTematikuri modelirebisas da mravaljerad Semowmebuli 

arian praqtikaSi. 

maT Soris yvelaze martivi da gamWvirvalea sasruli avtomatis sqema. 

sasruli avtomati .gansazRvrulia drois diskretul momentSi ...,, 210 ttt  Tu 

drois erTeulad avirCevT taqts: ,1 ii ttt  maSin ubralod nacvlad 

...,, 210 ttt  SegviZlia vweroT 0,1,2,3,.... 

sasruli avtomati xasiaTdeba mdgomareobiT z , Semavali signalebis 

x da gamomavali signalebis y  sasruli simravleebiT. avtonomiuri 

drois yovel momentSi (garda sawyisi 0t  momentisa) avtomats miewodeba 

Semavali signali  tx ,  romlis gavleniTac avtomati gadadis axal 

mdgomareobaSi gadasvlis fuqciis Sesabamisad: 

               )](),1([)( txtztz                                      (2.2) 

da gascems signals, romelic ganisazRvreba gamosasvlelebis 

funqciiT: 

               )](),1([)( txtzty                                     (2.3) 

vTqvaT, gvaqvs 4 TeTris Rirebulebis bileTebis gamyidveli avtomati, 

romelic SeiZleba aRvweroT Semdegnairad. Semavali signalebis simravle 

Seicavs:  .3,2,1  avtomatis z   mdgomareobebi kodirebulia ricxvebiT: 0,1,2,3. 

gamosasvleli signalebia: 1y  (bileTi gaicema) da 0y   (bileTi ar 

gaicema). 

gadasvlebis funqcia   SeiZleba warmovadginoT Semdegi saxiT: 









4x(t)1)z(t  

                                          txtz
tz

e.i. i,SemTxvevaS winaaRmdeg

 Tu

,0
4,1)-z(t),()1(

)(  
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gamosasvlelebis funqcias   eqneba saxe: 









4x(t)1)z(t  

                                          txtz
ty

e.i. i,SemTxvevaS winaaRmdeg

 Tu 0,

,1
4,)()1(

)(  

igive avtomati SeiZleba warmovadginoT gadasvlebis (cxrili 2.1) da 

gamosasvlelebis (cxrili 2.2) cxrilebis meSveobiT an mdgomareobaTa 

grafis saxiT (nax. 2.3.) 
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mdgomareobaTa grafze wrexaziTaa aRniSnuli z  mdgomareoba (0,1,2,3), 

isriTaa aRniSnuli x  Semavali signali da frCxilebSi gamomavali 

signali: magaliTad: 3(1)-rac niSnavs 1z  mdgomareobaze (salaroSi aris 1 

TeTri) Semavali signalia 3x   (1 TeTrs daemata 3 TeTri z   gadavida 0 

mdgomareobaSi) da gaica bileTi-signali 1y .  

maTematikur modelebs farTo klasis determinirebuli obieqtebisa, 

romlebic funqcionireben diskretul droSi da romelTa aRwerisas 

SemTxveviTi faqtorebis gavlenis gaTvaliswineba ar xdeba, mivyavarT 

sxvadasxva tipis sasrul avtomatebamde. amitom sasruli avtomatebis 

sqemas TvalsaCino adgili uWiravs rTuli sistemebis modelirebis 

arsenalSi. 

determinirebuli obieqtebi, romlebic funqcionireben uwyvet droSi, 

Cvaulebriv aRiwerebian  diferencialuri gantolebebiT da zogadad mas 

SeiZleba hqondes Semdegi saxe 

                ]),(),([/ ttxtzfdtdz    ,                                 (2.4) 

sadac  tz – sistemis mdgomareobaa, xolo gamosasvlel signalad SeiZleba 

CaiTvalos mdgomareobis nebismieri funqcia. 

stohastikuri obieqtebi ( 2S ‐  sistemebi) – (romelTa aRwerisas xdeba, 

SemTxveviTi faqtorebis gaTvaliswineba), romlebic funqcionireben 

diskretul droSi, SeiZleba warmovadginoT albaTuri avtomatebiT. 

albaTuri avtomatis gadasvlaTa funqcia gansazRvravs ara erT 

konkretul mdgomareobas, aramed mxolod albaTobaTa ganawilebas 

mdgomareobaTa simravleze (avtomati albaTuri gadasvlebiT), xolo 

gamosasvlelebis funqcia – albaTobaTa ganawileba gamosasvleli 

signalebis simravleze (avtomati albaturi gamosasvlelebiT). albaTuri 

avtomatebis funqcionirebis Seswavla xdeba markovis jaWvis aparatis 

meSveobiT. uzyveti drois stohastikuti obieqtebis maTematikur 

modelebad gamoiyeneba masobrivi momsaxurebis sistemebi anu markovis 

albaTuri procesebis warmomadgenlebi. 
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SevCerdeT dinamiuri sistemebis zogierT saerTo Tvisebebze, farTo 

gagebiT (saubaria determinirebul stohastikur sistemebze, uwyveti da 

diskteruli droebiT), romlebic gamoiyenebian rTuli sistemebis 

elementebis maTematikur modelebad. 

SeniSvna: dinamiuri sistemebis qveS, viwro gagebiT, gvesmis klasikuri 

dinamiuri sistemebi, romlebic aRiwerebian diferencialur gantolebaTa 

sitemebiT. 

1. rTuli sistemis elementi funqcionirebs droSi; drois yovel t  

momentSi is imyofeba z  SesaZlo mdgomareobebidan erT-erT 

mdgomareobaSi. 

2. drois mimdinareobisas lementi gadadis erTi mdgomareobidan 

moreSi Sida da gareSe mizezebis zegavleniT. 

3. funqcionirebis procesSi elementi urTierTqmedebs rTuli 

sistemis sxva elementebTan da garemomcveli garemos obieqtebTan 

(Rebulobs Semaval x  signalebs da gascems gamosasvlel y signalebs). 

dinamiuri sistemis mdgomareobaTa simravles aRvniSnavT z ‐iT, 

Semavali signalebis simravles x -iT, gamomavali signalebis simravles y -

iT. amis garda, t  droTa momentebis simravles, romelSic gansazRvrulia 

dinamiuri sistema, aRvniSnavT T . 

asaxvas T    Z   ewodeba dinamiuri sistemis moZraoba; is aRiniSneba 

 tz .  erTobliobas z  mdgomareobebisas, romelic Seesabameba yvela t ‐s 

erTobliobas aRniSnul moZraobaSi, ewodeba moZraobis traeqtoria. 

asaxva  tx :  xT  ‐  Semavali procesia, xolo     ty :  yT  – gamosasvleli 

procesia dinamiuri sistemisa. 

rTuli sistemis elementis z mdgomareoba yovelTvis rodia 

SesaZlebeli warmovadginoT rogorc ricxvi: Cveulebriv is aRiwereba 

nzzz ,...,, 21  maxasiaTeblebis garkveuli nakrebiT. es garemoeba gamoisaxeba 

TanafardobiT: 

                     ),...,,( 21 nzzzz                                    (2.5) 

Tu maxasiaTeblebi iz ,  ni ,...2,1 .  warmoadgenen ricxvebs, maSin z  

mdgomareoba ganixileba, rogorc veqtori nzzz ,...,, 21 - koordinatebiT. 
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zogad SemTxvevaSi, roca iz   ar warmoadgenen ricxvebs (magliTad, isini 

warmoadgenen veqtorebs, matricebs an ufro rTuli xasiaTis obieqtebs) 

mdgomareoba Z  –is intrpretireba xdeba rogorc `ganzogadoebuli~ 

veqtoris, xolo maxasiaTeblebi iz – rogorc misi `koordinatebi~. 

igive SeiZleba iTqvas signalebzec. Semavali signalebi warmoidgineba 

Semdegi saxiT ),...,,( 21 mxxxx  , xolo gamosasvleli signalebi 

),...,,( 21 yyyy  . magaliTad: Setyobinebebi, romlebic smarTavi obieqtebidan 

Semodian marTvis avtomatizebuli sistemis SemgrovebelSi, warmoadgenen 

sasruli raodenobis asoebis da cifrebis erTobliobas; 

naxevarfabrikatebi sawarmoo procesebSi sakmao sizustiT SeiZleba 

daxasiaTdnen, sasruli raodenobis iz  parametrebiT (zomebi, masalis 

Semadgenloba, temperatura da a.S.) da sxva. 

 

 

 

2.1.4. rTuli sistemis elementebis urTierTmoqmedebis maTematikuri  

     modeli 

 

rTuli sistemis funqcionirebis procesSi elementebis 

urTierTmoqmedeba ganixiloeba, rogorc Sedegi TiToeuli elmentis sxva 

elmentebze zemoqmedebaTa erTobliobisa. zemoqmedebas, romelic 

warmodgenilia Tavisi maxasiaTeblebis erTobliobiT, Cveulebriv 

uwodeben signals. amrigad, rTuli sistemis elmentebis 

urTierTmoqmedeba Seiswavleba signalebis urTierTgacvlis meqanizmebis 

CarCoebSi.  

signalebis gadacema xdeba arxebis meSveobiT, romlebic `gadebulia~ 

rTuli sistemis elementebs Soris. Gmocemuli arxis dasawyiss 

warmoadgens elementebis gamosasvleli (gamosasvleli polusi), romelic 

gascems signals, xolo bolos – elementis Sesasvleli (Sesasvleli 

polusi), romelic Rebulobs sinals. sityva `gadebulia~ unda iqnes 

gagebuli pirobiTad im azriT, rom zogierTi `arxebi~ vizualurad ar 

arseboben, aramed warmoiSobian sistemis aRwerisas mxolod 
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formalizaciis Sedegad. arxebs, romlebic signalebs gadascemen 

myisierad da damaxinjebis gareSe, ewodebaT idealuri. 

xazi unda gavusvaT im garemoebas, rom kargad formalizebul rTul 

sistemas gaaCnia mxolod idealuri kavSiris arxebi. 

rTuli sistemis struqturis Sedgenisas xSirad wavawydebiT kavSiris 

fizikur arxebs, romlebic srulebiT ar arian idealuri. kavSiris aseTi 

arxebi aucilebelia ganxilul iqnan, rogorc sistemis damoukidebeli 

elementebi, romelTa funqcionirebisas adgili aqvs signalebis gacemis 

rogorc dayovnebas, aseve damaxinjebasac. Aam SemTxvevaSi fizikuri arxi, 

romelic iwyeba im elementis gamosaval polusze, romelic gascems 

signmalebs da mTavrdeba im elementis Semaval polusze, romelic 

warmoadgens fizikur arxs da mTavrdeba signalis mimReb polusze, 

yovelTvis SeiZleba ganxilul iqnas, rogorc idealuri arxebi. Aqedan 

gamomdinareobs, rom dasamodelirebeli obieqtis saboloo 

formalizaciam SeiZleba isev migviyvanos rTul sistemamde, romelic 

elementebis SemadgenlobiT da maT Soris kavSirebis konfiguraciiT 

gansxvavdeba am obieqtis pirveladi struqturebiT miRebuli 

konstruqciisagan. 

rTuli sistemis maTematikuri modelis agebisas unda 

gaviTvaliswinoT misi kavSiri garemosTan. garemo ganixileba, rogorc 

erToblioba obieqtebisa, romlebic zemoqmedeben rTuli sistemis 

elementebze da romlebic aseve ganicdian zemoqmedebas am sistemis 

elementebisagan. amitom urTierTmoqmedeba garemomcvel garemosTan 

daiyvaneba signalebis gacvlis meqanizmamde, rTuli sistemis elementebsa 

da garemomcvel obieqtebs Soris, romelic aRiwereba iseve rogorc 

urTierTmoqmedeba rTuli sistemis SigniT elementebs Soris.  

rTuli sistemis elmnetebs Soris signalebis gacvlis meqanizmi 

moicavs Semdeg procesebs: 

1. elementis mier, romelic gascems signalebs, gamosasvleli 

signalis formireba; 

2. gamosasvsleli signalis TiToeuli maxasiaTeblis gadacemis 

misamarTis gansazRvra; 
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3. signalebis gacvla kavSiris arxebiT da Semavali signalebis 

Sedgena elmentebisaTvis, romlebic signalebs Rebuloben; 

4. signalis mimRebi elementis reagireba Semaval signalze. 

sxvadasxva klasis rTuli dinamiuri sistemebis elementebis 

warmodgenisas signalebis gamcem da mimReb obieqtebad, Cven unda 

vizrunoT iseTi funqciebis (an operatorebis) SerCevaze, romelTa 

meSveobiTac garantirebuli iqneba formalizebuli obieqtebis qcevis 

adeqvaturi aRwera maTi urTierTmoqmedebis gaTvaliswinebiT. 

elementebis qcevis da maTi urTierTmoqmedebis maTematikuri 

modelebis ageba erTiani procesia – maTi erTmaneTisagan daSoreba 

SeuZlebelia. Cvens mier ki amis daSveba moxdeba xelovnurad, meToduri 

TvalsazrisiT. 

signalebis gacvlis meqanizmis mesame mdgeneli dkavSirebulia ara 

idealuri arxebiT signalebis gacvlisas maTi dayovnebisa da 

damaxinjebis gaTvaliswinebasTan. rac Seexeba fizikuri kavSiris arxebis 

Seswavlas, maTi rogorc rTuli sistemebis maTematikuri modelebis 

Sedgena dakavSirebulia informaciis gdacemis TeoriasTan. 

 

  2.1.5. modelebis saerTo klasifikacia 

 

amrigad, modelebi SeiZleba iyos SedarebiT sruli da arasruli.  

sruli modeli, rogorc aRvniSneT, axasiaTebs obieqtis yvela ZiriTad 

Tvisebebs droSi da sivrceSi, xolo arasruli modeli axasiaTebs 

obieqtis Tvisebebis SezRudul nawils. 

      modelebis saerTo sistematizacia motanilia cxrilSi 2.3. 

 

                                                 cxrili 2.3 

sistemis modelebi 

determinirebuli stohastikuri 

statikuri dinamiuri  

cifruli (diskretuli) analoguri (uwyveti) 

azrobrivi realuri 



112 
 

TvasaCino 

simboluri 

maTematikuri 

naturaluri 

xelovnuri 

 

 

 

2.2.imitaciuri modelireba 

 

      2.2.1. imitaciuri modelis cneba 

 

imitaciuri modeli ewodeba sistemis (obieqti-originalis) 

logikur-maTematikur aRweras, romelic SeiZleba gamokvleuli iqnas 

eqsperimentebis Casatarebisas da Sesabamisad, SeiZleba CaiTvalos 

sistemis laboratoriul versiad. imitaciuri modelis Seqmnis 

dasrulebis Semdeg masze tardeba kompiuteruli eqsperimentebi, 

romlebic saSualebas iZlevian gakeTdes daskvna sistemis qcevaze: 

 sistemis agebis gareSe, Tu es aris dasaproeqtebeli sistema; 

 mis funqcionirebaSi Carevis gareSe, Tu es moqmedi sistemaa, 

romelzec eqsperimentebis Catareba Zalian Zviria an saSiSia;  

 misi rRvevis (ngrevis) gareSe, Tu eqsperimentis mizania 

sistemaze zemoqmedebis sazRvrebis dadgena. 

amrigad, imitaciuri modeli SeiZleba gamoyenebul iqnas sistemebis 

proeqtirebis, analizis da funqcionirebis SefasebisaTvis. imitaciuri 

modelireba farTod gamoiyeneba 0S  –sistemis gamosakvlevad, kerZod, 

saqalaqo, ekonomikuri, komerciuli, sawarmoo, samedicino, samxedro, 

socialuri, satransporto da sxva sistemebis gamosakvlevad, am sferoSi 

saproeqto amocanebis gadasawyvetad. imitaciuri modelebi warmoadgenen 

yvelaze gavrcelebul saSualebebs marTvis TeoriaSi da operaciaTa 

kvlevaSi samrewvelo sawarmoebsa da organizaciebis marTvaSi. 

imitaciur modelirebaSi igulisxmeba, rom sistema SeiZleba aRiweros 

gamoTvliTi sistemebisaTvis gasageb enaze. am dros sakvanZo moments 

warmoadgens sistemis mdgomareobis gamoyofa da aRwera. rogorc vnaxeT, 
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sistema xsiaTdeba cvladebis nakrebiT, romelTa mniSvnelobebis 

TiToeuli kombinacia aRwers mis mdgomareobas. Sesabamisad, am cvladebis 

mniSvnelobebis SecvliT SeiZleba moxdes sistemis erTi mdgomareobidan 

meoreSi gadasvlis imitireba. amrigad, imitaciuri modelireba - esaa 

sistemis dinamiuri qcevis warmosaxva misi erTi mdgomareobidan meore 

mdgomareobaSi gadayvanis gziT, kargad gansazRvruli operaciuli 

wesebis meSveobiT. 

sistemis mdgomareobis Secvla SeiZleba xdebodes uwyvetad an drois 

diskretul momentSi. 

 

     2.2.2.imitaciuri modelirebis procesis etapebi 

 

imitaciuri modelirebis TanmimdevrobiTi procesi iwyeba ubralo 

modelis SeqmniT, romelic TandaTanobiT rTuldeba gadasawyveti 

problemis moTxovnaTa Sesabamisad. imitaciuri modelirebis procesSi 

SeiZleba gamoiyos Semdegi etapebi: 

1. problemis formulireba (amocanis dasma): sakvlevi problemis 

aRwera da gamokvlevis miznebis gansazRvra. 

2. modelis damuSaveba: formalizebuli problemis Sesabamisad 

dasamodelirebeli sistemis logikur-maTematikuri aRwera. 

3. monacemebis momzadeba: monacemebis identifikacia, specifikacia 

da Segroveba. 

4. modelis translacia: modelis gadatana gamoyenebuli 

kompiuterisaTvis misaReb enaze. 

5. verifikacia: kompiuteruli programebis sisworis dadgena. 

6. validacia: imitaciuri modelis saWiro sizustis da realur 

sistemasTan Sesabamisobis Sefaseba. 

7. strategiuli da taqtikuri dagegmva: imitaciur modelze 

kompiuteruli eqsperimentebis Catarebis pirobebis gansazRvra. 

8. eqsperimentireba: imitaciuri modelis kompiuterze gaSveba 

saWiro informaciis misaRebad. 
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9. Sedegebis analizi: imitaciuri eqsperimentis Sedegebis Seswavla 

da analizi da daskvnebis da rekomendaciebis momzadeba problemis 

gadasawyvetad. 

10. realizacia da dokumentireba: imitaciis realizacia da 

dokumentaciis Sedgena modelze da mis gamoyenebaze. 

ganvixiloT TiToeuli etapi mokled. 

- imitaciuri gamokvlevebis upirvelesi amocanaa problemis 

zusti gansazRvra da gamokvlevebis miznebis detaluri 

formulireba. rogorc wesi, problemis gansazRvra 

warmoadgens uwyvet process, romelic grZeldeba mTeli 

kvleviTi procesis ganmavlobaSi. xdeba misi gadaxedva 

sakvlevi problemis sulufro Rrmad wvdomasTan erTad da 

misi axali aspeqtebis warmoSobisas. 

- rogorc ki Camoyalibdeba problemis 

sawyisi gansazRvreba, iwyeba sakvlevi sistemis modelis agebis 

etapi. modeli moicavs sistemis statistikur da dinamiur 

aRweras. statistikur aRweraSi ganisazRvreba sistemis 

elementebi da maTi maxasiaTeblebi, xolo dinamiurSi –

sistemis elementebs Soris urTierTqmedeba, romelTa 

Sedegadac xdeba misi mdgomareobis Secvla droSi. 

mecnierebi aRiareben, rom modelireba – modelis formulireba 

mniSvnelovanwilad xelovnebaa. modelirebiT damproeqtebelma 

(Semqmnelma) unda Seicnos (gaigos) sistemis struqtura, gamoavlinos misi 

funqcionirebis wesi da SeZlos maTSi gamoavlinos yvelaze 

mniSvnelovani da gamoricxos usargeblo detalebi. modeli unda iyos 

martivi gasagebad da am dros sakmaod rTulic, raTa realisturad 

asaxos sakvlevi sisitemis damaxasiaTebeli niSnebi. yvelaze 

mniSvnelovania mkvlevari-damproeqteblis mier miRebuli gadawyvetileba 

imis Sesaxeb sworia Tu ara miRebuli gamartivebebi da daSvebebi, romeli 

elementebi da maT Soris urTierTqmedebebi unda iyos CarTuli modelSi. 

modelis detalizaciis done damokidebulia misi Seqmnis mizanze. 

aucileblad ganxiluli unda iqnas mxolod is elementebi sisitemisa, 
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romelTac arsebiTi mniSvneloba aqvT sakvlevi problemis 

gadawyvetisaTvis. iseve rogorc problemis formirebis etapze, 

modelirebis etapzec aucileblia mWidro urTierToba modelis 

dammuSvebelsa da mis momxmareblebs Soris. modelirebis procesis 

evoluciuri xasiaTi saSualebas iZleva swrafad moxdes uzustobaTa 

aRmoCena da ufro efeqturad moxdes maTi konkretizacia. 

- modelis damuSavebis etapze ganisazRvreba is moTxovnebi, 

romlebic waeyenebaT Semaval monacemebs. zogierTi am 

monacemebidan ukve modelis damuSavebis etapze SeiZleba iyos 

cnobili, maSin roca sxva monacemebis misaRebad saWiro iqneba 

garkveuli dro da Zalisxmeva. Cveulebriv aseTi monacemebis 

mniSvnelobebis gansazRvra xdeba raRac hipoTezis safuZvelze 

an winaswari-analiziT. zogierT SemTxvevebSi zusti 

mniSvneloba erTi (da meti) Semavali parametrisa arc axdens 

did gavlenas modelebis mravaljeradi gaSvebisas miRebul 

Sedegebze. miRebuli Sedegebis mgrZnobiaroba Semavali 

monacemebis cvlilebaze SeiZleba Semowmdes modelis 

mravaljeradi gaSvebiT da am dros Semavali parametrebis 

clilebiT. amrigad, imitaciuri modeli SeiZleba gamoyenebuli 

iqnas Semavali monacemebis dazustebaze droisa da sxva 

resursebis xarjis Sesamcireblad. 

- imis Semdeg rac damuSavebuli iqneba modeli da Segrovdeba 

sawyisi Semavali monacemebi Semdeg amocanas warmoadgens misi 

realizacia kompiuterul enaze. imitaciuri modelis 

dasaprogrameblad SeiZleba gamoyenebul iqnas universaluri 

ena, magramiTvleba, rom specialuri imitaciuri enis 

gamoyenebas gaaCnia arsebiTi upiratesoba. programirebis drois 

Semcirebis garda imitaciuri enis gamoyeneba aadvilebs 

modelis damuSavebas, vinaidan ena Seicavs iseT cnebaTa nakebs, 

rac aucilebelia sistemis formalizebuli aRwerisaTvis 

(aseTi enebia GPSS, SLAM  da a.S.) 
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- verifikaciis da validaciis etapze xdeba imitaciuri modelis 

funqcionirebis Sefaseba. verifikaciis etapze xdeba imis 

Semowmeba Tu ramdenad Seesabameba modelis kompiuteruli 

programa damproeqteblis Canafiqrs. es Cveulebriv xdeba 

specialuri algoriTmebis gamoyenebiT, xeliT da statistikuri 

meTodebis gamoyenebiT. 

imitaciuri modelis sakvlev sistemasTan adeqvaturobis Semowmeba 

xdeba validaciis etapze. modelis validacia xdeba sxvadasxva doneze. 

rekomendirebulia validacia ganxorcieldes Semavali monacemebis, 

modelis elementebis, qvesistemebis da maTi urTierTkavSirebis doneebze. 

marTalia imitaciuri modelebis validacia sakmaod rTulia, magram 

iTvleba, rom is bvrad advili amocanaa, vidre validacia sxva tipis 

modelebisa, magaliTad wrfivi programirebis modelebisa. imitaciur 

modelebSi arsebobs Sesabamisoba modelis elementebsa da sistemis 

elementebs Soris, amitom damuSavebuli modelis adekvaturobis 

Semowmeba moicavs misi struqturis Sedarebas realuri sistemis 

struqturasTan, agreTve Sedarebas imisa Tu, rogoraa realizebuli 

elementaruli funqciebi da gadawyvetilebebi modelsa da sistemebSi. 

validaciis specialuri meTodebi moicaven adekvaturobis dadgenas 

imitaciuri modelis yvela parametris mudmivi mniSvnelobebis 

gamoyenebiT an gamosasvlelebis mgrZnobiarobis SefasebiT Sesasvlelebis 

cvlilebebisadmi. validaciis procesSi sistemis funqcionirebis Sesaxeb 

Sedarebebi unda ganxorcieldes, rogorc realuri aseve eqsperimentuli 

monacemebisaTvis. unda gvaxsovdes, rom mkvlevaris (damproeqteblis) 

gankargulebaSi arsebuli realuri monacemebi, sistemis funqcionirebisa, 

warmoadgenen amonakrebebs imidan, rac SeiZleba momxdariyo warsulSi. 

- modelis kompiuterSi amoqmedebis pirobebi unda ganisazRvros 

strategiuli da taqtikuri dagegmvis etapze. strategiuli dagegmvis 

amocanaa damuSavebuli eqsperimentis Catarebis efeqturi gegma, romlis 

safuZvelzec an irRveva urTierTkavSiri samarTav cvlilebebs Soris, an 

moiZebneba kombinacia samarTavi mniSvnelobebisa, romlebic axdenen 

imitaciuri modelis gamoxmaurebis maqsimizacias an minimizacias. 
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taqtikuri dagegmvisas, strategiulisagan gansxvavebiT, wydeba sakiTxi 

imis Sesaxeb Tu rogor ganxorcieldes eqsperimentis farglebSi 

imitaciuri modelis TiToeuli gaSveba, raTa miRebuli iqnas maqsimaluri 

informacia gamosasvleli monacemebisagan. taqtur dagegmvaSi wamyvani 

adgili ukavia imitaciuri modelis TiToeuli gaSvebis win sawyisi 

pirobebis da modelis gamoxmaurebis saSualo mniSvnelobaTa dispersiis 

Semcirebis meToedebis gansazRvras. 

- bolo etapia kompiuteruli eqsperimentebis Catareba da Sedegebis 

analizi. arc erTi imitaciuri proeqti ar unda iTvlebodes 

dasrulebulad manam sanam miRebuli Sedegebi ar iqneba gamoyenebuli 

gadawyvetilebis miRebis procesSi. realizaciis warmateba bevradaa 

damokidebuli imaze Tu ramdenad sworad iqna Catarebuli modelis 

Semqmnelis mier imitaciuri eqsperimentis wina etapebi. Tu 

damproeqtebeli da momxamrebeli muSaobdnen mWidro kontaqtSi modelis 

damuSavebisas unda vifiqroT, rom proetis Sedegebi warmatebiT iqneba 

danergili. winaaRmdeg SemTxvevaSi saeWvoa imitaciuri modelirebis 

Sedegebze dayrdnobiT SesaZlebeli gaxdes efeqtruri rekomendaciebis 

gamomuSaveba. 

praqtikulad zemoT miTiTebuli etapebi mkacrad TanmimdevrobiT 

yovelTvis rodi sruldeba, imitaciuri modelis Seqmnis, misi miznebis 

gansazRvris da sxva procesebi SeiZleba tardebodes iteraciulad, rac 

SeiZleba gaxdes garanti imisa, rom imitaciuri kvlevebis Sedegad 

SesaZlebeli iqneba alternativaTa swori Sefaseba da advili iqneba 

gadawyvetilebaTa miRebac. 

daskvna. amrigad, imitaciuri modelireba – esaa saSualeba, romelic 

farTod gamoiyeneba problemebis gadasawyvetad, xolo imitaciuri 

modeli – esaa abstraqtuli aRwera sistemisa. modelis agebis logika 

unda iyos martivi da advilad gasagebi yvelasaTvis, vinc monawileobs 

imitaciur gamokvlevebSi; saWiroebis SemTxvevaSi advili unda iyos 

imitaciuri modelis modificireba. imitaciis saSualebiT miRebuli 

rekomendaciebis realizacia aris ganuyofeli nawili imitaciuri 

meTodologiisa. 
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      2.2.3. mamodelirebeli algoriTmebi 

 

rogorc avRniSneT, kompiuterze nebismieri obieqti-originalis 

(sistemis, procesis) modelirebisaTvis, aucilebelia aigos Sesabamisi 

mamodelirebeli algoriTmi.  

rogorc wesi, Cawera algoriTmisa, romelic gankuTvnilia rTuli 

sistemis (procesis) modelirebisaTvis, Tavidanve kompiuteruli 

programis saxiT warmoadgens did sirTules. sasurvelia mamodelirebeli 

algoriTmi Caiweros iseTi saxiT, romelic unda asaxavdes pirvel rigSi, 

misi agebis Taviseburebebs zedmeti meorexarisxovani detalebis gareSe. 

imitaciuri modelirebisaTvis misaReb mamodelirebeli 

algoriTmebis warmodgenis meTodebs miekuTvneba: mamodelirebeli 

algoriTmebis operatoruli sqemebi (blok-sqemebTan erTad), modelirebis 

enebi da universaluri imitaciuri modelebi. 

am meTodebs Soris yvelaze TvalsaCino da advilad aRsaqmelia 

pirveli meTodi, amitom mokled SevexoT misi agebis principebs ubralo 

magaliTis gamoyenebiT. 

am meTodis gamoyenebisas umTavresia operatorebis sistemis sworad 

SerCeva, vinaidan is gansazRvravs algoriTmis gamosaxvis TvalsaCinoebis 

xarisxs da misi Semdgomi gamoyenebis moxerxebulobas. operatorebis 

sistemas waeyeneba ori ZiriTadi moTxovna: 1) TiToeul operators unda 

qondes naTeli da gasagebi azri, rac dakavSirebulia dasamodelirebel 

sistemasTan (procesTan). am SemTxvevaSi TviT procesis struqtura 

gvikarnaxebs mamodelirebeli algoriTmis agebis gzebs. 2) unda iyos 

sruli garantia imisa, rom nebismieri operatori SesaZlebelia 

Sesruldes elementaruli operatorebis TanmimdevrobiT raime 

garTulebis gareSe. mxolos am pirobebis gaTvaliswinebiTaa SesaZlebeli 

mivaRwioT warmatebas amocanis programirebis ganxorcielebisas. 

SeniSvna: gavixsenoT algoriTmis ganmarteba informatikidan: 

algoriTmi aris im moqmedebaTa erTobliobis zusti da sruli arwera, 
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romelTa mkacrad gansazRvruli TanmimdevrobiT Sesruleba ganapirobebs 

dasmuli amocanis amoxsnas. 

unda gvaxsovdes, rom mamodelirebeli algoriTmi aris obieqti-

originalis maTematikuri modelis Caweris specialur forma. Tumca es ar 

niSnavs imas, rom yovelTvis adgili aqvs srul Tanxvedras. 

mamodelirebeli algoriTmis yvela saxis operatorebi SeiZleba 

daiyos sam jgufad: 1) ZiriTadi operatorebi; 2) damxmare operatorebi; da 

3) samosamsaxureo operatorebi. algoriTmis Sedgenisas ZiriTad rols 

TamaSoben ZiriTadi da damxmare operatorebi. 

ZiriTad operatorebs ganekuTvnebian is operatorebi, romlebic 

gamoiyenebian dasamodelirebeli obieqtis calkeuli elementaruli 

aqtebis da maT Soris urTierTmoqmedebis imitaciisaTvis. sxva sityvebiT, 

rom vTqvaT, ZiriTadi operatorebi axorcieleben im Tanafardobebis 

realizacias maTematikuri modelisa, romlebic aRweren realuri 

sistemis elementebis funqcionirebas garemos zemoqmedebis 

gaTvaliswinebiT. maTgan gansxvavebiT damxmare operatorebi ar arian 

gankuTvnili procesis elementaruli aqtebis imitaciisaTvis isini 

axorcieleben im parametrebis da maxasiaTeblebis gamoTvlas, romelic 

saWiroa ZiriTadi operatorebis muSaobisaTvis. 

samosamsaxureo operatorebi ar arian dakavSirebuli maTematikuri 

modelis TanafardobebTan. isini uzrunvelyofen ZiriTadi da damxmare 

operatorebis urTierTmoqmedebas obieqti-originalis modelirebisas 

avtomatur reJimSi, algoriTmis muSaobis sinqronizacias da zogierT 

sxva damxmare funqciebs. kerZod, samomsaxuro operatorebi axorcieleben 

im sidideebis fiqsirebas, romlebic warmoadgenen modelirebis Sedegs, 

agreTve maT damuSavebas. 

mamodelirebeli algoriTmis agebisas pirvel rigSi xdeba moniSvna 

im ZiriTadi operatorebisa, romlebmac unda uzrunvelyon sistemis 

calkeuli elementebis funqcionirebis procesis imitacia. isini 

erTmaneTTan unda iyvnen dakavSirebuli dasamodelirebeli procesis 

(sistemis) formalizebuli sqemis Sesabamisad. gavarkvevT ra Tu ra 

parametrebia saWiro Ziriradi operatorebis muSaobis uzrunvesayofad, 
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operatorul sqemaSi unda moxdes damxmare operatorebis Seyvana, 

romlebmac unda uzrunvelyon am parametrebis gamoTvla. ZiriTadma da 

damxmare operatorebma unda moicvan maTematikuri modelis yvela 

Tanafardobebi, romelic warmoadgens mamodelirebeli algoriTmis 

ZiriTad nawils. guldasmiT unda Semowmdes ZiriTadi da damxmare 

operatorebis nakrebis Sesatyvisoba maTematikuri modelis 

TanafardobebTan, raTa Tavidan iqnes acilebuli Secdomebi. 

imis Semdeg rac dasruldeba mamodelirebeli algoriTmis ZiriTadi 

nawilis damuSaveba, SeiZleba gadasvla Semdeg etapze-samomsaxuro 

operatorebis Semotana. amisaTvis aucilebelia ganxilul iqnas 

dasamodelirebeli sistemis funqcionirebis dinamika da gaTvaliwinebuli 

iqnas urTierTmoqmedeba procesis sxvadasxva fazebs Soris, aseve 

informaciis svlis analizi modelirebisas. 

ganvixiloT martivi magaliTi. 

algoriTmebis operatoruli sqemis warmodgenisaTvis 

mosaxerxebelia ori principulad sxvadasxva klasis operatoris 

gamoyeneba: 1) ariTmetikuli operatorebi da 2) logikuri operatorebi. 

ganvixiloT kvadratuli gantolebis fesvis povnis algoriTmi 

(nax.2.2): 02  baxx , fesvebi b
aa

x 
42

2

2,1 . aq maTematikuri 

operatorebi warmodgenilia blokebiT 1,2,3,5,6, xolo wrexaziT (zogjer 

iyeneben aseT aRniSvnasac  aRniSnulia logikuri operatori(4). 

operatoruli sqemis misaRebad maTematikuri blokebi aRvniSnoT 

5321 ,,, AAAA   da 6A ,  logikuri operatori aRiniSneba p   asoTi da Sesabmisi 

qveda indeqsiT – 4p . algoriTmis blok-sqemaze bolo operatori aRvniSnoT 

Я7‐niSnavs gamoTvlis dasrulebas da Sedegebis gacemas. 

ZiriTadad A  operatorebs qveda indeqsis garda SeiZleba mieweros  

zeda marcxena da marjvena indeqsebi. mag.: 5,6 18
16A -rac niSnavs, rom 

operator  16N -s marTva gadmoecema operatorebidan  5N  da 6N  (marcxena 

zeda indeqsebi) da TviTon marTvas gadacems operators 18N . 
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ZiriTadi  A   operatori Seasrulebs ra Tavis operacias (mag.: 1A  

blok-sqemaze gamoiTvlis 
2
a
mniSvnelobas), miuxedavad Sedegisa, 

axorcielebs gadasvlas (blok-sqemaze isriTaa asaxuli nax.2.2) (am 

gadasvlas marTvis gadacemas uwodeben) mxolod erT gansazRvrul 

operatorze. 

logikuri operatorebis daniSnulebaa Seamowmon mocemuli pirobebis 

samarTlianoba da gamoimuSaon Semowmebis Sedegis niSani. es niSani 

SeiZleba gamoisaxos 1- piroba Sesrulda (an sityviT `dian~ an `ki~) da 0-

iT piroba ar Sesrulda (an sityviT `ara~). logikuri operatori 

aRiniSneba p   da aRniSvna 
22

1235P 


  niSnavs, rom logikuri operatori #35 

marTvas gadascems operators #22, Tu 35p -is    mier Sesamowmebeli piroba 

Sesrulebulia, Tu es piroba araa Sesrulebuli maSin marTva gadaecema 

operators #12.  
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nax. 2.2. kvadratuli gantolebis fesvebis povnis algoriTmi 

 

operatoruli sqemis Caweris gadatvirTvis Tavidan acilebis 

mizniT, Tu operatorebi erTmaneTs uSualod mosdeven, maSin marTvis 

gadacemis aRniSvna ar xdeba (amiT Cawera martivdeba). 

aRniSnulis gaTvaliswinebiT, nax.2.2.-ze moyvanili algoriTmis 

operatorul sqaemas eqneba saxe:    .7
6,5

6
7
564321 ЯA AAAAA 4

  

rTuli sistemebis mamodelirebeli algoriTmebis agebisas saWiro 

iqneba gamoyenebul iqnas Semdegi saxis operatorebo: 1) gamoTvliTi 

operatorebi; 2) SemTxveviTi procesebis realizaciis maformirebeli 

operatorebi; 3) ara SemTxveviTi sidideebis maformirebeli operatorebi; 

4) mTvlelebi. 

gamoTvliTi operatorebma unda uzrunvelyon nebismieri sirTulis 

determinirebuli maTematikuri gamosaxulebebis realizacia. 

SemTxveviTi procesebis operatorebma unda uzrunvelyon 

realizacia SemTxveviTi xdomilebebis, SemTxveviTi sidideebis, 

SemTxveviTi funqciebis da zogjer ufro rTuli bunebis SemTxveviTi 

obieqtebis. 

rTuli sistemebis modelirebisas saWiro xdeba ara marto 

SemTxveviTi obieqtebis realizaciis formireba, aramed sxvadasxva 

mudmivebis da drois araSemTxveviTi funqciebisac. amas uzrunvelyofs, 

swored, ara SemTxveviTi sidideebis maformirebeli operatorebis 

gamoyeneba. 

mamodelirebeli algoriTmis samomsaxuro operatorebis 

SemadgenlobaSi xSirad gvxvdeba ariTmetikuli operatori (mTvleli 

operatori), romelTa meSveobiTac xdeba sxvadasxva obieqtebis Tvla, 

romelTac gaaCniaT mocemuli Tvisebebi. swored am tipis operatorebs 

uwodeben mTvlelebs. 
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2.2.4.rTuli sistemis mamodelirebeli algoriTmebis agebis 

principebi 

 

rogorc vnaxeT, rTuli sistemis funqcionirebis procesi SeiZleba 

ganvixiloT, rogorc misi mdgomareobaTa TanmimdevrobiTi cvla, romelic 

aRiwereba maxasiaTeblebiT )(),...(),( 21 tztztz n   n   –ganzomilebian fazur 

sivrceSi. sistemis funqcionirebis procesis modelirebis amocanaa 

funqciebis 

                   )(),...(),( 21 tztztz n                                    (2.5) 

ageba da am funqciebze damokidebuli sistemis zogierTi 

maxasiaTeblebis gamoTvla. 

am SemTxvevaSi Cvens gankargulebaSia maTematikuri modelis 

Tanafardobebi, romlebic sistemis mdgomareobis maxasiaTeblebs (2.5) 

akavSirebs mis parametrebTan da drosTan, agreTve sawyisi parametrebi 

00
2

0
1 ,..., nzzz  drois sawyisi 0t  momentisaTvis. warmovidginoT, rom saqme gvaqvs 

determinebul sistemasTan. 

unda moxdes maTematikuri modelis Tanafardobebis iseT saxeze 

dayvana, rom SeZlebisamebr, advili iyos Semdegi mniSvnelobebis 

gamoTvla )(),...,(),( 21 ttzttzttz n  - mniSvnelobebis )(iz ‐is mixedviT, 

romlebic miRebuli iyo drois momentisaTvis t . procesi ase 

gamoiyureba: vTqvaT viwyebT drois aTvlas 0t -dan –gvaqvs )( 0
0 tzz ii  , Semdeg 

0t  vumatebT t  drois bijs da ttt  01 ganvsazRvravT  )( 1tzi ,  Semdeg 

vamatebT t  da ttt  12 -Tvis vangariSobT mniSvnelobebs )( 2tzi ,  ni ,1(  ) da 

a.S. Tu t  sakmaod mcirea amgvarad SegviZlia miviRoT miaxloebiTi 

mniSvnelobebi )(tzi . 

igive SegviZlia ganvixiloT SemTxveviTi faqtorebis 

gaTvaliswinebiTac. am SemTxvevaSi mamodelirebeli algoriTmis 

struqtura ar icvleba. gansxvaveba isaa, rom )( ttz   mdgomareobis 
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nacvlad aucilebelia gamoviTvaloT SesaZlo mdgomareobaTa 

albaTobebis ganawileba. 

mamodelirebeli algoriTmis agebis ganxiluli principi, romelic 

saSualebas iZleva ganvsazRvroT rTuli sistemis mimdevrobiTi 

mdgomareobebi, raRac drois intervalebis Semdeg, cnobilia ` t  

principis~ saxelwodebiT. 

rogorc praqtikam aCvena es principi yovelTvis rodi iZleva 

sasurvel Sedegs. aRmoCnda, rom zogierTi rTuli sistemis, magaliTad, 

specialuri saxis sawarmoo procesis, ganxilvisas SeiZleba aRmovaCinoT 

t   drois intervalSi sistemnis mdgomareobaTa mniSvnelovani gansxvaveba 

TanabaruflebianobaSi, anu arseboben iseTi rTuli sistemebi, romlebic 

xasiaTdebian t  drois intervalSi araTanabaruflebiani mdgomareobebiT. 

am saxis sistemisaTvis dmaxasiatebelia Semdegi ori tipis mdgomareoba: 1) 

Cveulebrivi (ara gansakuTrebuli) mdgomareobebi, romelSic sistema 

imyofeba TiTqmis yovelTvis da 2) gansakuTrebuli mdgomareobebi, 

romlebic damaxasiaTebelia sistemisaTvis raRac izolirebuli drois 

momentebisaTvis, romlebic emTxveva garemodan sistemaSi Semavali 

signalebis miwodebis momentebs, erT-erTi maxasiaTeblis 

)(tzi (koordinatis) arsebobis sazRvarze gasvlas da a.S. 

sistemis gansakuTrebuli mdgomareobebi xasiaTdebian kidev im 

TaviseburebiT, rom koordinatebi )(tzi drois am momentSi icvlebian, 

rogorc wesi, naxtomiseburad, xolo gansakuTrebul mdgomareobebs 

Soris adgili aqvs )(tzi mdovre da uwyvet cvlas. 

magaliTad, vTqvaT martiv mravalarxian masobrivi momsaxurebis 

sistemaSi )(0 tz   –aris Tavisufali arxebis raodenoba  (t)Z*
0 - ganacxadebis 

raodenoba rigSi, )(tzi   – dro, romelic darCenilia i-uri arxis 

ganTavisuflebamde da a.S. gansazRvruli mdgomareobebi dgeba 

momsaxurebaze axali ganacxadebis Semosvlis momentSi (Tavisufali 

arxebis an rigSi ganacxadebis raodenoba icvleba naxtomiseburad) an 

momsaxurebis damTavrebis Semdeg arxebis ganTavisuflebis momentebSi. 
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Uunda SevniSnoT, rom aseTi sistmebis Tvisebebi fasdeba 

gansakuTrebuli mdgomareobaTa Sesaxeb informaciiT, xolo ara 

gansakuTrebuli mdgomareobebi kvlevisaTvis interess ar warmoadgenen. 

Aarsebobs SemTxvevebi, rodesac sistemis maTematikuri modelis 

Tanafardobebi SeiZleba ise Seicvalos, rom sistemis gansakuTrebuli 

mdgomareobis gansazRvrisaTvis sakmarisia vicodeT winamorbedi 

gansakuTrebuli     mdgomareoba an ramodenime wina gansakuTrebuli 

mdgomareoba.  

advilia davinaxoT, rom mamodelirebeli algoriTmebi, romlebic 

agebulia t  principiT, aseTi sistemebisaTvis, arc ise efeqturia. 

faqtiurad mcire t  dros daixarjeba sakmaod didi manqanuri dro 

CvenTvis ara saintereso sistemis Cveulebrivi mdgomareobebis 

gansazRvraze. Tu t  gavzrdiT, maSin SeiZleba moxdes zogierTi 

gansakuTrebuli mdgomareobebis gamotoveba (ver `daviWiroT~ t -s 

sididis gamo). 

amitom mimarTaven aseTi sistemebisaTvis mamodelirebeli 

algoriTmebis agebas e.w. `gansakuTrebuli mdgomareobaTa~ principiT. is 

t  principisagan imiT gansxvavdeba, rom Seicavs specialur proceduras 

drois momentis gansazRvrisaTvis, romelic Seesabameba momdevno 

gansakuTrebuli mdgomareobis dadgenas am mdgomareobis an sxva wina 

gansakuTrebuli mdgomareobebis cnobili maxasiaTeblebis mixedviT. 

masobrivi momsaxurebis sistemebSi ganacxadebis momsaxurebis 

procesis modelurebisas xelsayrelia mamodelirebeli algoriTmi aigos 

principiT, romlis ideac mdgomareobs TanmimdevrobiT aRdgenaSi    

calkeuli ganacxadebis istoriisa maTi sistemaSi Semosvlis rigis 

mixedviT: algoriTmi mimarTavs cnobebs sxva ganacxadebis Sesaxeb 

mxolod im SemTxvevaSi, Tu es aucilebelia mocemuli ganacxadis 

Semdgomi momsaxurebis wesisaTvis. aseTi mamodelirebeli algoriTmebi 

sakmaod ekonomiuria, magram sakmaod rTulia asagebad, da moiTxovs 

sakmao codnasa da gamocdilebas statistikuri modelirebis sferoSi. am 

princips `ganacxadis TanmimdevrobiT gatarebis~ princips uwodeben. 
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umetes SemTxvevaSi `TanmimdevrobiTi gatarebis principi~, zogjer t  

principTan erTad, safuZvlad udevs TiTqmis yvela modelirebis enas. 

modelirebis Tanamedrove enebi momxmareblebs sTavazoben 

mosaxerxebel saSualebebs Zalze farTo klasis rTuli sistemebis 

modelirebisaTvis, dawerili programebis advilad gawyobis saSualebebs, 

modelis Sesaxeb statistikuri informaciis Segrovebisa da damuSavebis 

saSualebebs. aucilebelia vicodeT, rom modelirebis yvela ena 

faqtiurad problemurad orientirebulia, e.i. isini asaxaven cnobebis 

garkveul erTobliobas, romelic damaxasiaTebelia mocemuli klasis 

amocanebisaTvis. es mniSvnelovnad aadvilebs programis Seqmnas im 

momxmareblisaTvis, romelic ar icnobs modelebis maTematikuri aRweris 

meTodebs. icis mxolod dasamodelirebeli sistemis Sinarsobrivi aRwera 

da sworad aqvs warmodgenili logikuri kavSiri sistemaSi mimdinare 

procesebs Soris. 

enis problemuri orientacia saSualebas iZleva moxdes informaciis 

statistikuri damuSavebis da Sedegebis warmodgenis programebis 

unificireba. 

Tumca isic unda vicodeT, rom enis problemuri orientacia badebs 

mTel rig sirTuleebs: 1) arsebobs obieqturi siZneleebi 

dasamodelirebeli sistemis mocemul enaze aRwerisa; 2) simravle 

gamoyenebiTi sferoebisa badebs modelirebis enebis simravles, romlebic 

orientirebuli arian am sferoebze da a.S. 

 

2.3. meTodologiuri midgomebi imitaciur modelirebaSi 

 

imitaciuri modelis damuSavebisas analitikosma (mkvlevarma, 

damproeqtebelma) unda amoirCios dasamodelirebeli sistemis aRweris 

konceptualuri sqema. es sqema eyrdnoba garkveul meTodologiur 

midgomas, romlis farglebSic xdeba sistemis funqciuri kavSirebis aRqma 

da aRwera. Tu damproeqtebeli modelis Seqmnisas iynebs imitaciur enas, 

meTodologiuri midgoma moicema am enis farglebSi, magram im 

SemTxvevaSi Tu damproeqtebeli iyenebs universalur enas, rogoricaa C , 
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C ,  beisiki da a.S., maSin man TviTonve unda gamoimuSaos aseTi midgoma. 

nebismier SemTxvevaSi meTodologiuri midgoma, romelsac gamoiyenebs 

damproeqtebeli, saSualebas aZlevs mas naTlad Camoayalibos sistemis 

aRwera. 

      

     2.3.1.  sistemebi da modeli 

 

gavixsenoT sistemis ganmarteba: sistema esaa erToblioba 

elementebisa, romlebic ganekuTvnebian realuri samyaros SezRudul 

nawils da warmoadgenen kvlevis obieqts. erT SemTxvevaSi raRac 

erToblioba elementebisa SeiZleba ganixilebodes rogorc raRac nawili 

didi sistemisa, e.i. rogorc qvesistema; xolo meore SemTxvevaSi igive 

erToblioba elementebisa SeiZleba moeqces mkvlevarebis yuradgebis 

centrSi, rogorc sistema. nebismieri sistemis da modelis moqmedebis 

sfero calsaxad ganisazRvreba mizniT, ris sarealizaciodac is 

gamoiyofa da identificirdeba. nebismieri imitaciuri modelis moqmedebis 

sfero ganisazRvreba agreTve TaviseburebebiT im problemisa, ris 

gadasawyvetadac iqmneba es modeli. 

sistemis moqmedebis sferos dasadgenad mkvlevarma unda gamoavlinos 

misi sazRvrebi da Semadgenloba. sistemis sazRvrebis gamovlenisas 

dgindeba mis elementebs Soris ara marto fizikuri, aramed mizez-

Sedegobrivi urTierTkavSirebic. sistemaze, romelsac ukve micemuli aqvs 

winaswari gansazRvreba, SeiZleba zemoqmedebdnen raRac gareSe faqtorebi. 

Tu isini mniSvnelovan zegavlenas axdenen sistemaze, maSin aseTi 

sistemaze eqsperimentis Catarebas ara aqvs azri da unda moxdes misi 

xelaxali gansazRvra. Tu gareSe faqtorebi nawilobriv zemoqmedeben 

sistemaze, arsebobs Semdegi SesaZleblobebi: 

 gafarTovdes sistemis gansazRvreba da masSi CairTos es 

faqtorebi; 

 ugulebelyofil iqnes faqtorebi; 

 moxdes maTi warmodgena rogorc sistemis Sesasvlelebisa. 
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Tu gareSe faqtorebis warmodgena xdeba rogorc sistemis 

Sesasvlelebisa, maSin igulisxmeba, rom xdeba maTi funqciurad asaxva 

miniWebuli mniSvnelobebis, cxrilebis an gantolebebis meSveobiT. 

magaliTad, Tu gvsurs davamuSaoT TbilaviamSenis sawarmoo sistemis 

modeli da mis mier nawarmoebi produqciis gasaReba ganixileba rogorc 

sawarmoo sistemaSi Sesasvleli, maSin modelSi ar moxdeba am 

gasaRebisaTvis damaxasiaTebeli mizez-Sedegobrivi urTierTkavSirebis 

CarTva. aseTi modeli Seicavdes iqneba mxolod statistikur aRweras 

adre Catarebuli da savaraudo gayidvebisa, rac gamoiyeneba rogorc 

Semavali faqtori, e.i. gasaRebis procesis organizacia ar Seva modelis 

SemadgenlobaSi – rCeba am modelis gareT. sistemuri terminologiiT 

obieqtebi romlebic rCebian sistemis gareT, magram SeuZliaT imoqmedon 

mis qcevaze, qmnian am sistemis garemos, amrigad, sistemebi warmoadgenen 

erTobliobas urTierTmoqmedi elementebisa, romlebic ganicdian 

zemoqmedebas gareSe faqtorebisagan. nax. 2.3.-ze moyvanilia TbilaviamSenis 

sawarmoo sistemis aseTi modeli.  
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sistemis modeli SeiZleba klasificirebuli iqnas misi cvlilebis 

xasiaTis mixedviT – diskretuli da uwyveti. unda gvaxsovdes, rom es 

termini vrceldeba modelze da ara realur sistemaze. praqtikulad erTi 

da igive sistema SeiZleba warmodgenili iyos diskretulad cvladi 

modeliT an uwyvetad cvladi modeliT. rogorc wesi dro imitaciur 

modelSi warmoadgens ZiriTad damoukidebel cvlads. sxva cvladebi, 

romlebic CarTuli arian modelSi warmoadgenen drois funqcias, e.i. 

warmoadgenen damokidebul cvladebs. gansazRvrebebi `diskretuli~ da 

`uwyveti~ exeba damokidebuli cvladebis qcevas. 

diskretuli imitaciisas damokidebuli cvladebi icvlebian  

diskretulad saimitacio drois garkveul momentebSi, romlebsac 

movlenaTa ganxorcielebis momentebi ewodebaT. cvladi dro imitaciur 

modelSi SeiZleba iyos uwyveti an diskretuli imisgan damokidebulebiT, 

SesaZlebelia Tu ara damokidebulma cvladebma diskretuli cvlilebebi 

ganicadon drois nebismier Tu gansazRvrul momentebSi. 

diskterul modelebSi damokidebuli cvladebis mniSvnelobebi 

movlenaTa Soris periodSi ar icvlebian. diskretul imitaciur modelSi 

damokidebuli cvladebis cvlilebis magaliTi motanilia nax. 2.4-ze. 

uwyveti imitaciuri modelis damokidebuli cvladebi icvlebian 

uwyvetad mTeli imitaciis drois ganmavlobaSi. 
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uwyveti modeli droSi SeiZleba iyos uwyveti (nax. 2.5), an droSi 

diskretuli (nax. 2.6.) imisgan damokidebulebiT, xelmisawvdomi iqneba Tu 

ara damokidebuli cvladebis mniSvnelobebi drois nebismeir momentSi, 

Tu mxolos drois gansazRvrul momentebSi imitaciuri drois 

ganmavlobaSi. 

  qimiur procesebSi reagentebis koncentraciis an kosmosuri 

aparatis an TviTmfrinavis moZraobis siCqaris da mdebareobis 

modelireba warmoadgenen magaliTs situaciisa, rodesac umjobesia 

gamoyenebul iqnas damokidebuli cvladebis (koncentracia qimiur 

procesSi, mdebareoba da siCqare kosmosuri aparatis an TviTmfrinavis) 

uwyveti warmodgena. 
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kombinirebuli imitaciisas modelis damokidebuli cvladebi 

SeiZleba icvlebodnen diskretulad, uwyvetad an uwyvetasd zeddebuli 

diskretuli naxtomisebrivi cvlilebebiT. am SemTxvevaSic igulisxmeba, 

rom dro icvleba uwyvetad an diskretulad. kombinirebuli imitaciis 

umTavresi aspeqti isaa, rom SesaZlebelia urTierTmoqmedeba 

diskretulad da uwyvetad cvlad parametrebs Soris. magaliTad, rodesac 

 

 

ნახ.2.5. უწყვეტი იმიტატორის   2.6. დისკრეტულ დროიანი 

პასუხების გრაფიკი    იმიტატორის პასუხების გრაფიკი 

 

 

qimiur procesSi reagentis koncentracia miaRwevs raRac winaswar 

mocemul dones, imitaciis procesi SeiZleba Sewydes. kombinirebuli 

imitaciis ena unda Seicavdes aseTi situaciebis warmoSobis pirobebis 

dasadgen    da maTi Sedegebis imitaciis saSualebebs. kombinirebuli 

imitaciur modelSi damokidebuli cvladebis magaliTi motanilia nax. 

2.7-ze. 
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      2.3.2. diskretuli imitaciuri modelireba 

 

imitaciur modelSi CarTul diskteruli sistemis elementebs, 

rogorebicaa: adamianebi, mowyobilobebi, SekveTebi, masalebis nakadi da 

a.S. vuwodebT mis komponentebs. komponentebs, romlebic monawileoben 

sxvadasxva tipis moqmedebebSi, SeiZleba gaaCndeT erTi an ramdenime 

saerTo maxasiaTeblebi, rac maTi jgufebad gaerTianebis SesaZleblobas 

iZleva. komponentebis jgufs SeiZleba failebi vuwodoT. komponentis 

failSi CarTva niSnavs, rom is logikuradaa dakavSirebuli am failis 

sxva komponentebTan. 

diskretuli imitaciuri modelis mizania moxdes komponentebis 

urTierTmoqmedebebis aRwarmoeba da Seswavlili iqnas sakvlevi sistemis 

qceva da funqciuri SesaZleblobebi. amisaTvis xdeba sistemis 
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mdgomareobaTa gamoyofa da im moqmedebaTa aRwera, romlebsac sistema 

gadayavs erTi mdgomareobidan meoreSi. amboben, rom sistema imyofeba 

gansazRvrul mdgomareobaSi, rodesac yvela misi komponenti imyofeba 

mdgomareobaSi, romelic Tavsebadia mniSvnelobaTa im arisa, romlebic 

aRweren mdgomareobis maxasiaTeblebs. amgvarad, imitacia – esaa dinamiuri 

`portreti~ sistemis mdgomareobebisa droSi, anu aRwarmoeba sistemis 

droSi qcevisa. 

diskretuli imitaciisas sistemis mdgomareoba SeiZleba icvlebodes 

mxolod movlenis (xdomilebis) dadgomis momentebSi. vinaidan sistemis 

mdgomareoba am  moments Soris ucvlelia, sistemis mdgomareobaTa sruli 

dinamiuri portreti SesaZlebelia miRebul iqnas imitaciuri drois 

warmarTviT erTi movlenidan meorisaken. modelSi drois warmarTvis 

SesaZlo meqanizmi SeiZleba emyarebodes momdevno uaxlesi movlenis 

moZebnas (Zebnas). 

diskretuli imitaciuri modelis funqcionireba SeiZleba mocemuli 

iyos Semdegnairad: ganisazRvros sistemis mdgomareobebis cvlileba, 

romlebic xdeba yoveli axali movlenis dadgomisas; aRiweros 

moqmedebebi, romlebSic monawileoben sistemis elementebi, an procesi, 

romelsac gaivlian elementebi. urTierTkavSirebi cnobebs-movlena, 

moqmedeba da procesi motanilia nax. 2.8.  

movlena xdeba im momentSi, rodesac xdeba gadawyvetilebis miReba 

moqmedebis dawyebaze an damTavrebaze. procesi –esaa droSi 

orientirebuli movlenebis Tanmimdevroba, romelic SeiZleba Sedgebodes 

ramodenime moqmedebisagan. 
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      2.3.3. uwyveti imitaciuri modelireba 

 

uwyvet imitaciur modelSi sistemis mdgomareobis warmodgena xdeba 

damokidebuli cvladebis meSveobiT. imisaTvis, rom erTmaneTisagan 

ganvasxvaoT uwyveti cvladebi diskteruli cvladebisagan, pirvels 

vuwodoT mdgomareobis cvladi. uwyveti imitaciuri modeli iqmneba 

mdgomareobis cvladebis aRmweri gantolebebis SedgeniT, romlebic 

aRweren realuri sistemis dinamiur qcevas.  

uwyveti sistemebis modelebi, xSirad ganisazRvreba warmoebuli 

mdgomareobis cvladebis terminebSi. es imiT aixsneba, rom zogjer 

advilia im gamosaxulebebis povna, romelic gansazRvravs mdgomareobis 

cvlis siCqares. aseTi saxis gantolebebs, ewodebaT diferencialuri 

gantolebebi. vTqvaT, magaliTad, modelis Seqmnis procesSi Cven 

SevadgineT Semdegi diferencialuri gantoleba t droSi mdgomareobis S  

cvladisaTvis: 

,)()( 22 ttS
dt

tdS
   KS )0(  

pirveli gantoleba gansazRvravs S ‐is cvlilebis siCqares rogorc 

S ‐sa da t ‐s funqcias, xolo meore gantoleba aris sawyisi piroba 

mdgomareobis cvladisaTvis. imitaciuri eqsperimentis mizania 

gansazRvros saimitacio droSi mdgomarebis cvladis reaqcia. 

praqtikaSi, umetes SemTxvevaSi S ‐  Tvis analizuri gamosaxuleba 

ucnobia. amitom Cven reaqcia unda gavigoT dtds /   droSi integrebiT, 

Semdegi saxis gantolebis gamoyenebiT: 
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
2

1

)()()( 12

t

t

dt
dt

ds
tStS  

kompiuteri didi siCqariT da sizustiT axorcielebs maTematikur 

operaciebs, rogoricaa mimateba, gamravleba, logikuri testireba. 

integrirebasaWiroebs integrirebis ricxviTi meTodebis gamoyenebas. am 

meTodebis gamoyenebisas damoukidebeli cvaldi (Cveulebriv dro) iyofa 

nawilebad-bijebad. mdgomareobis cvladis mniSvnelobebi, romelTa 

integrirebacaa saWiro, miiRebian am cvladebis droSi warmoaebulebis 

aproqsimaciiT. miRebuli Sedegebis sizuste damokidebulia aproqsimaciis 

meTodis rigze da bijis zomaze: ufro maRali sizuste miiRweva maRali 

rigis aproqsimaciisas da minimaluri bijebisas. 

zogjer uwyveti sistemebis modelirebisaTvis gamoiyeneba sxvaobiTi 

gantolebebi. am SemTxvevaSi drois RerZi iyofa droiTi t  sigrZis 

intervalebad. mdgomareobis cvladis dinamika aRiwereba gantolebiT, 

romelic gansazRvravs cvladis mniSvnelobas 1k  periodSi, misi k  

periodSi mniSvnelobis safuZvelze. magaliTad, mdgomareobis S  cvladis 

dinamika SeiZleba aRiweros Semdegi sxvaobiTi gantolebiT: taSS kk  *1 . 

 

2.3.4. kombinirebuli diskretul-uwyveti modelireba 

 

kombinirebul diskretul-uwyvet modelirebaSi damokidebuli 

cvladebi SeiZleba icvlebodnen, rogorc diskretulad aseve uwyvetadac. 

kombinirebul modelirebisas gamoiyeneba ori tipis movlena: 

droiTi movlenebi (movlenebi, romelTa xdomileba igegmeba drois 

gansazRvrul momentebSi) da situaciuri movlenebi (es movlenebi ar 

igegmeba, aramed warmoiSveba maSin, roca sistema aRwevs raRac 

mdgomareobas). magaliTad, rogorc nax. 2.9.-zea naCvenebi, situaciuri 

movlena dadgeba maSin, rodesac mdgomareobis  1ss cvladi gadakveTs 

mdgomareobis  2ss cvlads dadebiTi mimarTulebiT. 

 

2.3.5. modelirebis Sedegebis dafiqsireba da damuSaveba 
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amrigad, sistemis imitaciur modelze eqsperimentebis Catarebisas 

kompiuterSi xdeba sakvlevi sistemis mdgomareobaTa Sesaxeb informaciis 

gamomuSaveba. swored es informacia warmoadgens sawyis masalas 

sidideebis miaxloebiTi mniSvnelobebis gansazRvrisaTvis. 

 

 

     

nax. 2.9. situaciuri movlenis dadgomis magaliTi 

 

rTuli sistemebis modelirebisas es informacia SeiZleba iyos 

sakmaod didi moculobis da amdenad misi damuSaveba specialuri 

moTodikis, Sesabamisi specialuri mamodelirebeli enis gamoyenebis 

gareSe SeiZleba aRmoCndes SeuZlebeli an Zalze rTuli. ganvixiloT 

zogierTi gavrcelebuli xerxi saZebni sidideebis SefasebaTa 

formirebisa, romelTa gamoyenebac, garkveuli saxiT, xdeba specialur 

mamodelirebel enebSi. 
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cxadia 0S   tipis sistemebis ama Tu im parametris, Tvisebis 

(Tvisebebis), an mimdinare procesebis modelirebisas ver gaveqceviT 

SemTxveviTi faqtorebis gaTvaliswinebas, es ki imas niSnavs, rom 

modelirebis SedegebSi aucileblad SevxvdebiT SemTxveviT sidideebs, 

procesebs. aseT SemTxvevaSi saZebni sidideebis Sefasebisas gamoiyeneba 

saSualo mniSvnelobebi, dispersiebi da sxva albaTuri maxasiaTeblebi 

Sesabamisi SemTxveviTi sidideebisa, romlebic miiReba modelze 

eqsperimentebis mravaljeradi SesrulebiT. es saSualebas iZleva Tavidan 

aviciloT eqsperimentebis Sedegebis calcalke ganxilva, an am calkeuli 

Sedegebis damaxsovrebiT sistemis gadatvirTva. 

magaliTad, TbilaviamSenSi sawarmoo procesebis analizisas 

praqtikul interesebs SeiZleba warmoadgendes mocemuli drois 

intervalSi (mag. cvlis ganmavlobaSi), procesis wyvetis albaToba 

(saWiro detalebis ar qonis, raime avariuli mdgomareobis warmoSobis da 

sxva mizezebis gamo). albaToba remontze myofi TviTmfrinavis 

maRalxarisxiani aRdgenisa da a.S. saZebni albaTobis SefasebisaTvis 

gamoiyeneba Sesabamisi A   movlenis dadgomis sixSire, raRac raodenobis 

cdebis dros. erT-erTi SesaZlo gza am movlenis damuSavebisa 

modelirebis specializebul enebSi SeiZleba iyos Semdegi midgoma: xdeba 

A  xdomilebaTa ricxvis damaxsovreba – Tu modelze eqsperimentisas 

dadga A  movlena (xdomileba), maSin xdeba aRniSnul maxsovrobaSi 

erTianis damateba. Tu ara da emateba noli. vTqvaT modelis N -jer 

gaSvebisas (e.i. xdeba dasamodelirebeli procesis   N -jer aRwarmoeba da 

es raodenoba fiqsirdeba modelis mier calke) A  movlenas adgili qonda 

or SemTxvevaSi, maSin  A  movlenis albaTobis  AP Sesafaseblad 

gamoiyeneba sidide ./)( NmAP   

analogiurad SeiZleba mivudgeT SemTxveviTi sididis SesaZlo 

mniSvnelobaTa albaTobebis Sefasebasac (misi albaTobaTa ganawilebis 

funqciis Sefasebasac). davyoT SemTxveviTi sididis SesaZlo 

mniSvnelobaTa are n  intervalad. am SemTxvevaSi modelis specialur 

ujredSi moxdeba TiToeul intervalSi SemTxveviTi sididis moxvedraTa 
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raodenobis ),..,2,1( nkmk   damaxsovreba, xolo Sesabamisi albaTobebi, aseve 

gamoiTvleba gamosaxulebiT NmP kk / . 

X  SemTxveviTi sididis  saSualo mniSvnelobis Sesafaseblad 

modelSi Sesabamis ujredSi moxdeba eqsperimentebis SemTxveviTi sididis 

mier miRebul kx  mniSvnelobebis jamis  kx dafiqsireba, romlis 

saSualebiTac moxdeba X  SemTxveviTi sididis saSualo mniSvnelobebis 

Sefaseba: 

                  




N

k
kxNx

1
/1                                        (2.6) 

rogorc cnobilia   SemTxveviTi sididis dispersia 2S  SeiZleba 

Sefasdes Semdegi gamosaxulebiT: 

                

2

1

2 )(
1

1 






N

k
k xx

N
S                                  (2.7) 

S2 uSualo gamoTvla (2.7) gamosaxulebiT mouxerxebelia vinaidan kx -

s dagrovebasTan erTad icvleba x , es ki moiTxovs rTul gamoTvlebs, an 

saWiro xdeba kx -s yvela N   mniSvnelobis damaxsovreba. modelirebis 

specialur enebSi gamoyeneba (2.7)-dan miRebuli Semdegi gamosaxuleba:  

              

 





N

k
k

N

k
k x

nN
x

N
S

1

2

1

22 )(
)1(

1
1

1
                       (2.8) 

romlis mixedviTac 2S   gamosaTvlelad sakmarisia dagrovdes 

mniSvnelobebi  2
kx  da  kx . 

SemTxveviTi   da R    sidideebisaTvis, romelTa mniSvnelobebia kx  

da ky  Sesabamisad, korelaciuli momentis K  SefasebisaTvis gamoiyeneba 

gamosaxuleba 

             
)()(

1
1

1
yуxx

N
K k

N

k
k 


 


                              (2.9) 

(2.8.) gamosaxulebidan miiReba praqtikulad ufro mosaxerxebeli 

gamosaxuleba 


K  -Tvis: 

          
 
  





N
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N
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1
1

                        (2.10) 
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aRniSnuli gamosaxuleba saWiroebs SedarebiT mcire odenobis 

cvladebis damaxsovrebas. 

SemTxveviTi procesebis modelirebisas saWiro xdeba )(tx  procesis 

maTematikuri molodinis da korelaciuri funqciebis Sefaseba. am 

maxasiaTeblebis Sesafaseblad specialur enaSi gamoiyeneba aseTi modeli: 

saintereso drois (0, T) intervali iyofa nawilebad t  mudmivi bijiT, 

xdeba )(tx  procesis )(txk  mniSvnelobebis dagroveba it  drois 

momentebisaTvis da (2.6) gamosaxaulebis msgavsad SeiZleba SevafasoT 

                




N

k
iki tx

N
tX

1
)(1)(                                    (2.11) 

xolo korelaciuri funqciis Sesafaseblad gamoiyeneba 

gamosaxuleba: 

       
)]()()][()([

1
1),(

1
sxsxuxx

N
suK k

N

k
k 


 



                      (2.12) 

sadac u  da   S   droebia da isini gairbenen yvela it . 

modelirebaSi mniSvnelovani adgili ukavia stacionaruli 

procesebis Seswavlas da amdenad, aseve mniSvnelovania am procesebis 

maxasiaTeblebis Sefaseba. 

stohastikuri procesi t  stacionarulia Tu sruldeba 

Tanafardoba: 

     ),...,(),...,( 22112211 ntnrtrtntntt xxxPxxxP                    (2.13) 

;,..., 21 nttt  .,..., 21 nxxx    nebismieri mniSvnelobebisaTvis gamosaxuleba 

(2.13) samarTliania. 

stacionaruli procesebis gamokvleva (da Sesabamisad maTi 

modelireba) gansakuTrebiT mniSvnelovania kavSirgabmulobis 

sferosaTvis. es cxadia, vinaidan xmauri, romelic xels uSlis gadacemas, 

warmoadgens stohastikur process, romelic, rogorc cnobilia, 

warmoadgens stacionarul process. xmauris gafiltvrisas didi 

mniSvneloba aqvs stacionaruli procesebis Tvisebebis codnas. iTvleba, 

rom xmauri warmoadgens e.w. gausis process, rac imas niSnavs, rom t ( t -s 

nebismieri mniSvnelobisaTvis) warmoadgens SemTxveviT cvlads 
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normaluri ganawilebiT, da process gaaCnia damoukidebeli sxvaobebi, 

anu Tu kmayofildeba utoloba nn tttttt 2124321 ...   , maSin SemTxveviTi 

cvladebi 122341 ,...,,  ntntttttz   warmoadgenen damoukidebel cvlad 

sidideebs 

 

 

2.4 rTuli dinamiuri sistemebis 

imitaciuri modelireba 

 

2.4.1. rTuli dinamiuri sistemebis zogadi daxasiaTeba 

 

imitaciuri modelireba kompiuterebze warmoadgens erT-erT mZlavr 

saSualebebs gamokvlevebisa, kerZod ki, rTuli dinamiuri sistemebisa. 

iseve, rogorc nebismieri kompiuteruli modelireba, is iZleva 

saSualebas Catardes gamoTvliTi eqsperimentebi jer kidev proeqtirebis 

etapze myof sistemebze da iseT sistemebze, romlebzec naturaluri 

eqsperimentebis Catareba, usafrTxoebis da siZviris TvalsazrisiT, araa 

mizanSewonili. amavdroulad Tavisi siaxloviT formiT fizikur 

modelirebasTan, gamokvlevebis es meTodi xelmisawvdomia bevrad meti 

momxareblisaTvis. 

amJamad, rodesac kompiuteruli mrewveloba gvTavazobs 

modelirebis mravalferovan saSualebebs, nebismier kvalificirebul 

inJiners, teqnologs an menejers unda SeeZlos ganaxorcielos rTuli 

obieqtis aramarto modelireba, aramed ganaxorcielos maTi modelireba 

Tanamedrove teqnologiebiT, romlebic realizebuli arian grafikuli 

aris formiT an vizualuri modelirebis paketebis saxiT. 

modelirebis avtomazizaciis sistemebi, romlebic damuSavebuli 

iqna gasuli saukunis 60-70-ian wlebSi (Simula,  GPSS,  SLAM  da sxva) iyo 

sakmaod rTuli farTo gamoyenebis TvalsazrisiT. sirTules 

ganapirobebda modelis aRweris rTuli teqsturi forma da efeqturi 

ricxviTi meTodebis programuli realizaciis ar arseboba. 
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vizualuri modelirebis paketebi momxmareblebs saSualebas aZlevs 

Seitanon dasamodelirebeli sistemis aRwera gamoyenebiTi sferosaTvis 

Cveuli formiT da umetesad grafikuli formiT (magaliTad, pirdapiri 

gagebiT daixatos funqcionaluri sqema, ganlagdes masze blokebi da 

gaerTiandes isini kavSirebiT), agreTve warmodgenili iqnas modelirebis 

Sedegebi TvalsaCino formiT. magaliTad, diagramebis an animaciuri 

suraTebis saxiT. 

vizualuri modelirebis sistemebis erT-erT umTavres Rirsebas 

warmoadgens is, rom isini momxmareblebs saSualebas aZleven ar izrunon 

modelis programul realizaciaze, rogorc Sesrulebad operaciaTa 

Tanmimdevrobaze da amiT TviTon qmnian kompiuterze garkveul sagangebod 

mosaxerxebel garemos, romelSic SesaZlebelia Seiqmnas virtualuri, 

`kvaziaparaturuli~ paralelurad funqcionirebadi sistemebi da 

Catardes masze eqsperimentebi. grafikuli garemo xdeba fizikuri 

sacdeli stendis msgavsi, oRond nacvlad mZime yuTebisa, kabelebisa da 

gamzomi xelsawyoebisa, oscilografebisa da TviTCamwerebisa 

momxmareblebs saqme aqvs maT saxeebTan displeis ekranze. Tagunas 

meSveobiT SesaZlebelia am saxeebis gadaadgileba, SeerTeba da gaTiSva. 

amis garda momxmareblebs SeuZliaT dainaxon eqsperimentis msvlelobisas 

Sedegebi da Seafason isini da saWiroebisas aqtiurad Caerion mis 

msvlelobaSi. 

virtualuri stendis programuli realizacia dafarulia 

momxmareblebisagan. eqsperimentis Casatareblad araa saWiro raime 

gansakuTrebuli codnis qona kompiuterze, operaciul sistemaze da 

maTematikur uzrunvelyofaze. SeiZleba iTqvas, rom virtualuri stendi 

kompiuters aqcevs erT dros mosaxerxebel da zust analogur 

kompiuterad. 

unda aRiniSnos Tanamdrove modelirebis avtomatizaciis paketis 

kidev erTi mniSvnelovani Rirseba, romelic mdgomareobs obieqt-

orientirebuli modelirebis teqnologiis gamoyenebaSi, rac saSualebas 

iZleva mkveTrad gafarTovdes gamoyenebis sazRvrebi da ganmeorebiT 
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gamoyenebis SesaZlebloba ukve Seqmnili modelebisa, romlebmac 

daamtkices TavianTi muSaobisunarianoba. 

axali teqnologiis warmatebam mkveTrad gazarda modelirebis 

virtualuri paktebis momxmareblebis wre, ramac gaamwvava maradiuli 

problema miRebuli gadawyvetilebebis sandoobisa. grafikuli garsi 

momxmareblisagan malavs ricxviTi gadawyvetilebebis miRebis rTul 

proceduras. amavdroulad, avtomaturi amorCeva konkretuli amocanis 

gadawyvetisaTvis saWiro ricxviTi meTodisa da misi parametrebis gawyoba 

xSirad warmoadgens arcTuise trivialur amocanas. amis gamo 

SesaZelebelia miviRoT kargad gaformebuli, magram araswori Sedegebi. 

axla ki ganvmartoT zogadad dinamiuri sistema. 

dinamiuri sisitemis qveS, farTo gagebiT, igulisxmeba obieqti, 

romelic funqcionirebs uwyvet droSi, uwyvetad dakvirvebadia da 

uwyvetad icvlis Tavis mdgomareobas Sida da gare mizezebis 

zemoqmedebiT. 

imisaTvis, rom gaverkveT rTuli dinamiuri sistemis arsSi, saWiroa 

jer ganvmartoT Tu ras warmoadgens martivi dinamiuri sistema. 

umartivesi dinamiuri sistemis qveS igulisxmeba sistema, romelis qceva 

moicema Cveulebrivi diferencialuri gantolebebis, koSis formiT, 

erTobliobis sakmaod gluvi marjvena nawilebiT, rac uzrunvelyofs 

amonaxsnis arsebobas da erTaderTobas (esaa Cveulebrivi fizikuri 1S  

sistemebi). koSis formis gantolebaTa sistemis amoxsna, rac 

gadawyvetilia pirveli rigis warmoebulebis mimarT, warmoadgens 

tradiciul ricxviT amocanas. amJamad, programuli realizaciebi 

ricxviTi meTodebisa ara marto uzrunvelyofen amoxsnaTa moTxovnil 

sizustes, aramed TviTonve cdiloben gansazRvron tipi-gamoTvliTi 

sirTule gadasawyveti amocanebisa. 

ufro rTulia is modeli, romelic warmodgenilia Cveulebriv 

diferencialuri gantolebebis (koSis formuliT) da arawrfivi 

algebruli gantolebebis saxiT, romlebsac Tan axlavT damxmare 

formulebis nakrebi. aseTi sistemis fazuri traeqtoriis ricxviTi ageba 

bevrad rTulia, magram Tu erToblioba arawrfivi gantolebebisa 
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calsaxad gadawyvetadia TiToeuli droiTi wertilisaTvis, 

diferencialur gantolebaTa marjvena nawilebi sakmaod gluvia, maSin 

isic ZiriTadad warmatebiT amoixsneba. winaswari momzadeba ricxviTi 

amoxsnisaTvis am SemTxvevaSi minimaluria: unda gairkves tolia Tu ara 

gantolebaTa ricxvi ucnobTa raodenobisa, Semowmdes sawyisi pirobebis 

SeTanxmebuloba da ganxorcieldes formulebis daxarisxeba swori 

TanmimdevrobiT (maT Sesacvlelad miniWebis operatorebiT). aseT sistemas 

uwodeben martiv dinamiur sistemas. 

yvela dasamodelirebeli sistemebi, rom eteodnen martivi dinamiuri 

sistemebis formulizaciis sferoSi, maSin modelireba iqneboda martivi 

da saxaliso. samwuxarod, umetesoba teqnikuri da bunebrivi sistemebisa 

bevrad ufro rTulia. Cven yuradRebas gavamaxvilebT dasamodelirebeli 

obieqtebis struqturul da qceviT sirTuleebze. 

Tanamedrove modelebis struqtura xSirad Seesabameba Sesaswavli 

obieqtis struqturas. aseT struqturebs safuZvlad udevs elementi 

(gavixsenoT sistemebis morfologiuri aRwera), romlis Sida struqtura 

damkvirveblisaTvis damalulia. am elementebze (blokebze) Sexedvisas 

moCans mxolod specialuri cvladebi, romelTac zogadad sakontaqto 

ewodebaT. rogorc programistebi amboben, bloki axdens Tavisi Tvisebebis 

inkapsulacias. struqturulad rTuli modeli Sedgeba blokebis-

elementebis simravlisagan, romlebic erTmaneTTan urTierTmoqmedeben 

garedan xilul cvladebs Soris funqcionaluri kavSirebis meSveobiT. 

rogorc vnaxeT, sistemis struqtura Cveulebriv ierarqiulia. 

sistemis elementebis simravle, saerTod, SeiZleba icvlebodes sistemis 

funqcionirebis procesSi da rogorc wesi, rTuli sistemis elementebi 

xasiaTdebian moqmedebebis sxvadasxva fizikuri principebiT, rac arc ise 

TvlaSi sacemia saboloo maTematikur modelSi, magram gansakuTrebiT 

mniSvnelovania modelis agebis etapze. davuSvaT, rom ierarqiis qveda 

yvela elementarul bloks Seesabameba martivi dinamiuri sistemebi. 

eqvivalenturi blokis moqceva unda igebodes lokaluri sistemebis 

aRweris safuZvelze funqcionaluri kavSirebis gaTvaliswinebiT. aseTi 
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eqvivalenturi blokis agebis SesaZlebloba damokidebulia imze Tu ra 

igulisxmeba funqcionaluri kavSirebis qveS. 

kavSiris arseboba blokebis kontaqtebs Soris niSnavs, rom 

mniSvneloba cvladebisa, romlebic Seesabamebian kontaqtebs, nebismier 

momentSi tolebi arian. Tanamedrove vizualur paketSi gvxvdeba ori 

saxis kavSiri: 1) erTmimarTulebiani (orientirebuli), roca SeerTebuli 

kontaqtebi iyofian mimRebebad da wyaroebad da erTdoulad miiCneva, rom 

mimRebs ar SeuZlia gavlena moaxdinos wyaroze; 2) ormimarTulebiani 

(araorientirebuli), am SemTxvevaSi SeerTebuli kontaqtebi 

Tanabaruflebiania. mxolod erTmimarTulebiani kavSirebis gamoyenebisas 

blokis kontaqtebi iyofian Semaval da gamomaval kontaqtebad (aseT 

blokebsac ewodebaT orientirebuli). Semavali cvladi ar SeiZleba 

imyofebodes diferencialuri gantolebis an formulis marcxena 

nawilSi, agreTve warmoadgens saZiebel cvlads algebrul gantolebebSi. 

ierarqiis mocemul doneze wyaro SeiZleba iyos gamosavali Sida blokisa 

an gamosasvleli gareSe blokisa, xolo mimRebi-Sesasvleli blokisa an 

gamosasvleli gareSe blokisa. nebismieri wyaro SeiZleba monawileobdes 

nebismieri raodenobis kavSirebSi, maSin roca mimRebi  SeiZleba 

monawileobdes erT kavSirSi. orientirebuli blokebis gaerTianeba xdeba 

sakmaod martivad: lokaluri gantolebebi da formulebi meqanikurad 

erTiandebian, da ToToeuli kavSiri icvleba formuliT 

`<mimRebi>=<wyaro>~. lokalurad koreqtuli gantolebebis da 

formulebis gaerTianeba iZleva koreqtul erTobliobas. erTaderT 

damatebiT problemas warmoadgens zogierT SemTxvevaSi warmoqmna 

`algebruli ciklebisa~ formulaTa erTobliobaSi. romlebic 

warmoiqmnebian kavSirebiT (gamosaxuleba formulis marjvena nawilSi 

araa cxadad damokidebuli am formulis marcxena nawilis cvladze). 

algebruli ciklis aRmoCenisas is wydeba masSi Semavali erTerTi 

formulis SecvliT algebruli gantolebiT. winaswari momzadeba, 

amgvarad, daiyvaneba formulebis daxarisxebaze, agreTve algebruli 

ciklebis gamovlenasa da maT moSorebaze. 
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orientirebul kavSirebs teqnikur sistemebSi sruliad adekvaturad 

SeuZliaT aRweron informaciuli urTierTmoqmedeba blokebs Soris, 

sadac specialurad tardeba zomebi, raTa gamoiricxos uku zegavlena 

kavSirebis meSveobiT. 

araorientirebuli kavSirebis gamoyenebisas blokebs, Sesabamisad, 

ewodebT araorientirebuli. erTiani sistemis agebisas Tavidan yvela 

kavSiri icvleba algebruli gantolebiT `0=<mimRebi>--<wyaro>~. 

warmoqmnili algebruli gantolebebi unda amoixsnas ricxobrivad. amitom 

araorientirebuli kavSirebis gamoyenebisas yovelTvis saWiroa didi 

gamoTvliTi resursi, agreTve SesaZlebelia am dros warmoiSvas 

problemebi sawyisi pirobebis SeTanxmebisas. Semdeg unda Catardes 

miRebuli gantolebebis da formulebis erTobliobis analizi da 

gairkves, SesaZlebelia Tu ara misi uSualo amoxsna, Tu saWiroebs Semdeg 

gardasaxvas (gardaqmnas). samwuxarod, am SemTxvevaSi, orientirebuli 

blokebis SemTxvevisagan gansxvavebiT, erToblivi sistemis avtomaturi 

gardasaxva iseT saxeSi, rom SesaZlebeli iyos misi ricxviTi amoxsna, 

yovelTvis rodia SesaZlebeli. zogad SemTxvevaSi aucilebelia 

Sesruldes sakmaod rTuli analizi da simboluri gardasaxva raTa 

miRebuli iqnas eqvivalenturi, ricxobrivad amoxsnadi sistema. 

zogjer mosaxerxebelia gamoyenebuli iqnas specialuri modifikacia 

ormxrivi kavSirisa, romelsac nakadi ewodeba. nakadebs avtomaturad 

miewerebaT algebruli gantolebebi, kirhofis kanonis analogiurad. 

araorientirebuli kavSirebi saSualebas iZleva Catardes sawyisi 

obieqtis dekompozicia `fizikur~ komponentebad, romelTa qcevac sakmaod 

martivi kanonebiT aRiwerebian, xolo Semdeg moxdes maTi Sekreba erTian 

sistemebad, praqtikulad iseve, rogorc rTul fizikur xelsawyos 

vawyobT calkeuli blokebisagan. esaa aseTi midgomis ueWveli 

upiratesoba. uaryofiTi mxarea saboloo maTematikuri modelis 

avtomaturi agebis proceduris sirTule da xangrZlivoba. 

rTuli dinamiuri sistema, droSi cvladi qceviT. 

rTuli qcevis erT-erT damaxasiaTebel niSans warmoadgens is, rom 

sistemas gaaCnia ramdenime xarisxobrivad gansxvavebuli, droSi 
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erTmaneTis monacvle qceva. inJinrebi mas uwodeben `funqcionirebis 

reJimebs~. magaliTad, baseini ori miliT xasiaTdeba rTuli qceviT, 

vinaidan misi qceva roca is gadavsebulia gansxvavdeba qcevisagan roca 

normaluri donea an carielia. aseTi tipi rTuli qcevisa SeiZleba 

realizebul iqnes, Tu aRiwereba yvela dasaSvebi, martivi, raRac 

TvalsazrisiT, kerZo qcevebi (SesaZlebelia es iyos ierarqiuli 

struqtura) da naCvenebi iqneba wesebi erTi qcevidan meoreze gadarTvisa. 

aseTnairad orientirebuli rTuli dinamiuri sistema drois 

TiToeul konkretul momentSi iqceva rogorc raRac martivi dinamiuri 

sistema. magaliTad, baseini SeiZleba warmodgenili iqnas rogorc 

erToblioba sami martivi dinamiuri sistemisa: `normaluri done,~ 

`gadavsebuli baseini~ da `carieli baseini~. 

TiToeuli konkretuli qceva SeiZleba gaigivebul iqnas 

diskretuli cvladis mniSvnelobasTan, xolo myisieri gadarTva 

mimdinare qcevisa-diskretul movlenasTan. diskretuli movlenis Sesaxeb 

sxva blokebisaTvis informaciis gadasacemad gamoiyeneba specialuri 

cvladi-signalebi. 

diskretuli mdgomareobebis nakrebi, erTi mdgomareobidan meoreSi 

gadasvlaTa pirobebTan erTad, qmnis Cveulebriv diskretul qcevas. 

gadasvlis moentSi SeiZleba moxdes cvladebis myisieri naxtomiseburi 

Secvla. vinaidan TiToeul diskretul mdgomareobaSi elementaruli 

bloki moqmedebs rogor raRac uwyveti sistema, amitom mTlianobaSi 

blokis qceva aris uwyveti anu hibriduli. 

gadasvlaTa grafs, romelis kvanZebs miewerebaT raRac uwyveti 

asaxva, xolo rkalebs-gadasvlis pirobebi da moqmedebebis Sesruleba, 

ewodeba hibriduli avtomati. amJamad diskretuli `mdgomareobis manqanis~ 

formaluri aRwerisaTvis standartis   de  fact mier ganisazRvra 

`mdgomareobaTa ruqa~ (statechart),  romelic gamogonebul iqna d. harelis 

mier da `kanonizirebul~ iqna standartSi UML. 

mdgomareobaTa ruqas, sadac kvanZebs miewerebaT raRac uwyveti 

asaxvevi, ewodeba mdgomareobaTa hibriduli ruqa, romelic martivad da 

TvalsaCinod asaxavs mdgomareobaTa cvlas. 
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struqturulad-rTuli hibriduli sistemebis gaerTianebiT 

vRebulobT rTuli sistemis axal tips – struqturulad hibridul 

sistemas. maTi umTavresi niSania – ramdenime hibriduli sistemis 

ierarqiuli struqturis paraleluri funqcionireba. aseTi sistema 

miiReba funqcionaluri kavSirebiT im blokebis gaerTianebiT, romlebic 

hibridul sistemebs warmoadgenen. eqvivalenturi martivi dinamiuri 

sistemis povna, analogiuria zemoT aRwerili procedurisa, magram es 

unda sruldebodes ara erTxel, aramed yovelTvis roca nebismier 

blokSi moxdeba kerZo qcevis Secvla. es mniSvnelovnad arTulebs 

araorientirebuli hibriduli blokis gamoyenebas. 

 

2.4.2. obieqt - orientirebuli modelirebis (oom) arsi 

 

oom gulisxmobs blokebis, klasebisa da egzemplarebis, agreTve 

maTi memkvidreobiTobis da polimorfizmis mxardaWeras. 

klass gansazRvravs raRac Sabloni an blokis prototipi 

(magaliTad, baseini saerTod). klasis cnebiT operireba, magaliTad 

`baseini~, ar iZleva imis saSualebas warmovidginoT Tu rogoria wylis 

done baseinSi, vinaidan klasis ganmartebaSi figurirebs mxolod 

informacia gamoyenebuli cvladebis tipebisa da saxelebis Sesaxeb, da 

ara maTi mniSvnelobis Sesaxeb. 

blokis egzemplari-esaa konkretuli warmomadgeneli mocemuli 

klasis blokebisa, magaliTad baseini-1, baseini-2. TiToeul egzemplars 

gaaCnia parametrebis sakuTari mniSvnelobebi (wylis done, ori sxvadasxva 

baseinSi SeiZleba iyos sxvadasxva). axali egzemplaris Seqmnisas SeiZleba 

konkretizebul iqnas misi parametrebi – specialuri kontaqtebi, 

romlebic ar SeiZleba Secvlili iqnan funqcionirebis procesSi, magram 

isini SeiZleba sxvadasxva iyos sxva egzemplarebisaTvis. funqcionalur 

sqemaSi SeiZleba Sediodes erTi da igive klasis ramdenime egzemplari. 

egzemplarebi SeiZleba iyos statikuri da dinamiuri. statikuri 

egzemplari iqmneba modelis Seqmnisas da nadgurdeba misi ganadgurebisas. 

dinamiuri egzemplarebi iqmnebian da nadgurdebian modelirebis       
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procesSi.magaliTad, haersawinaRo Tavdacvis sistemis muSaobis 

modelirebisas lokatoris mxedvelobis zonaSi TviTmfrinavebis 

raodenoba cvladia. 

polimorfizmi niSnavs imis SesaZleblobas, rom bazuri klasis 

blokis egzemplaris nacvlad gamoyenebul iqnas blokis egzemplari 

nawarmoebi klasidan. magaliTad, radiolokaciuri sadgurisaTvis yvela 

Tanmxlebi obieqtebi warmoadgenen egzemplarebs klasisa `safreni-

aparati~ da xasiaTdeba mxolod mdebareobiT da siCqaris veqtoriT 

faqtiurad ki es obieqtebi SeiZleba iyvnen mravalferovani Camomavloba 

klasisa `safreni aparati~ TvioTmfrinavi bombdamSenidan B‐52 

pterodaqtilamde. 

klasebis biblioTekebi. 

mdidari klasebis biblioTekis qona warmoadgens seriozuli 

upiratesobas ama Tu im modelirebis sistemebisa. am SemTxvevaSi modeli 

SeiZleba aigos meqanikurad standartuli klasebis egzemplarebidan maTi 

parametrebis dayenebiT (momarTviT). mamodelirebeli garemos 

SesaZlebloba izrdeba, Tu mamodelirebeli klasebis biblioTekis Seqmna 

xdeba TviT momxmareblebis mier. 

unda aRiniSnos, rom klasebis biblioTekis Seqmnisas yvelaze ufro 

xelsayrelia araorientirebuli blokebis gamoyeneba, vinaidan es iZleva 

saSualebas Seiqmnas blokebi, romlebic maqsimalurad damoukidebeli 

iqnebian gareSe garemocvisagan. 

ricxviTi amoxsna. 

tradiciuli teqnologia ricxviTi modelebisa iTxovs ricxviTi 

meTodis gansakuTrebiT akuratul amorCevas da gawyobas da Sedegebis 

cdomilebis sadguldagulo gamokvlevas. codna amosaxsneli 

gantolebaTa sistemis Taviseburebebisa (magaliTad, wrfivia Tu ara) 

bevrad aCqarebs mis amoxsnas. unda gvaxsovdes, rom analizi amosaxsneli 

sistemis Tvisebebisa da meTodis gawyoba-rTuli amocanaa 

specialistisTvisac. amis garda, standartuli sabiblioTeko klasebis 

gamoyenebisas momxmarebelma ar icis, ra marTvebTan aqvs mas saqme. 

cifruli amoxsnisaTvis maqsimalurad xelsayrelia samodelo sistemis 
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cxadi saxiT warmodgena, romelSic yvela naxtomisebri cvlilebebi xdeba  

mxolod erTi mdgomareobidan meoreSi gadasvlisas, xolo uwyveti qceva 

Seesabameba martivi dinamiuri sistemebis qcevas gluvi    marjvena 

mxareebiT, ise rom TiToeuli mdgenelisaTvis SesaZlebeli iyos 

Sesabamisi ricxviTi meTodis avtomaturi moZebna. yvelaze martiv 

SemTxvevad iTvleba, roca saWiro xdeba mxolod diferencialuri 

gantolebis integrireba. Tumca aqve unda gvaxsovdes, rom es `umartivesi 

SemTxveva~ ukve mravali welia warmoadgens mravali qveynis 

specialistebis Seswavlis sagans. 

amrigad, amoxsnaTa povna ricviTi meTodebiT iyofa ramodenime 

amocanad: 

1. uwyveti sistemebis aRweraSi faruli hibridulobis povna da 

hibriduli sistemis ageba, sadac kvanZebs miewerebaT `advilad~ 

amoxsnadi gantolebaTa sistemebi; 

2. avtomaturi gansazRvra ricxviTi Taviseburebebisa mimdinare 

eqvivalenturi sistemis gantolebisaTvis; 

3. avtomaturi amorCeva ricxviTi meTodisa mimdinare eqvivalenturi 

sistemisaTvis, romelic saSualebas iZleva miRebuli iqnas 

xarisxobrivad mainc swori amoxsna; 

4. gadarTvis wertilebis gansazRvra-dadgena mimdinare 

eqvivalenturi sistemis arsebobis sazRvrebis, rac moicema 

gadasvlaTa amoqmedebis pirobebiT. 

rTuli dinamiuri sistemebis vizualuri modelirebis arsebuli 

midgomebi. 

amJamad, arsebobs vizualuri modelirebis saSualebTa sakmaod 

didi simravle. unda aRvniSnoT da davimaxsovroT, rom Cevn aq ar 

ganvixilavT viwro profilis paketebs (eleqtronikisaTvis, 

eleqtromeqanikisaTvis da a.S.). vinaidan, rogorc aRvniSneT rTuli 

sistemis elementebi ganekuTvnebian, rogorc wesi, sxvadasxva gamoyenebiT 

sferoebs. aseve ar iqmneba yuradReba gamaxvilebuli paketebze, romlebic 

orientirebuli iqnebian martivi dinamiuri sistemebis maTematikuri 

modelebisagan gansxvavebul modelze (gantolebebi kerZo warmoebulebiT, 
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statistikuri modelireba), agreTve sufTad diskretul da sufTad 

uwyvet sistemebze. amrigad, ganxiluli iqneba universaluri paketebi, 

romlebic saSualebas iZlevian ganvaxorcieloT modelireba 

struqturulad rTuli hibriduli sistemebisa. 

isini SeiZleba pirobiTad davyoTY 3 jgufad: 1) `blokuri 

modelirebis~ paketebi; 2) `fizikuri modelirebis~ paketebi; 3) hibriduli 

avtomatis sqemaze orientirebuli paketebi. 

cxadia es dayofa pirobiTia imitom, rom yvela am paketebs gaCniaT 

saerTo: saSualebas iZlevian aigos mravaldoniani ierarqiuli 

funqcionaluri sqemebi, ama Tu im xarisxiT mxars uWeren oom 

teqnologias, gaaCniaT msgavsi vizualizaciis an animaciis 

SesaZleblobebi. gansxvaveba mdgomareobs imaSi, Tu sakvlevi sistemis ra 

aspeqtebia miCneuli ufro mniSvnelovnad. 

`blokuri modelirebis~ paketebi orientirebulni arian grafikul 

enaze ierarqiuli blok-sqemebisa. elementaruli blokebi iTvlebian 

winaswargansazRvrulad, an SeiZleba maTi konstruireba raRac ufro 

dabali donis damxmare enis meSveobiT. axali bloki SiZleba aigos ukve 

arsebuli blokebisagan orientirebuli kavSirebis gamoyenebiT da 

parametruli gawyobiT (momarTviT). winaswargansazRvruli eleqtruli 

blokebis SemadgenlobaSi Sedian sufTad uwyveti, sufTad diskretuli 

da hibriduli blokebi.  

am midgimis Rirsebad unda CaiTvalos: Zalze gaadvilebulia arc 

Tu ise rTuli modelis Seqmna, rac SeiZleba ganaxorcielos naklebad 

momzadebulma momxmareblebmac ki; elementaruli blokebis realizaciis 

efeqturoba da eqvivalenturi sistemis agebis simartive. amavdrould 

gasaTvaliswinebelia, rom rTuli modelebis Sesaqmnelad saWiro xdeba 

aigos sakmaod didi mravaldoniani blok-sqemebi, romelic ar asaxavs 

realuri sistemis struqturas. sxva sityviT, rom vsTqvaT, es meTodi 

muSaobs kargad roca saqme gvaqvs saTanado standartul blokebTan. 

`blokuri modelirebis~ paketis yvelaze ufro cnobili 

warmomadgenlebia: 
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- qvesistema SIMULINK  paketisa MATLAB  (Mathworks,  Inc.; 

http://www.mathworks.com); 

- EASYS (Boeng); 

- qvesistema SystemBueild paketisa MATLAB (Integrated Systems, Inc); 

- VisSim (Visual Solution; http://www.vission.com); 

paketebi `fizikuri modelireba~ saSualebas iZlevian gamoyenebul 

iqnas araorientirebuli da nakaduri kavSirebi. momxmarebels TviTon 

SeuZlia gansazRvros blokebis axali klasi. elementaruli blokebis 

qcevis uwyveti mdgeneli moicema algebrul-diferencialuri 

gantolebebis sistemiT da formulebiT. diskretuli mdgenelebis 

miwodeba xdeba diskretuli movlenebis aRweriT, romelTa warmoSobisas 

SeiZleba Sesruldes cvladebisaTvis axali mniSvnelobebis myisieri 

miniWeba. diskretuli movlenebi SeiZleba gavrceldes specialuri 

kavSirebiT. gantolebaTa struqturis Secvla SesaZlebelia mxolod 

iribad marjvena nawilSi koeficientebis SecvliT. 

aseTi midgoma bunebrivi da martivia fizikuri sistemebis tipiuri 

blokebisaTvis. uaryofiT mxared unda CaiTvalos simboluri 

gardasaxvebis aucilebloba, rac mniSvnelovnad zRudavs hibriduli 

qcevis aRweris SesaZleblobas, agreTve did raodenobis algebruli 

gantolebebis ricxviTi amoxsna. rac mniSvnelovnad arTulebs sando 

gadawyvetilebebis avtomaturad miRebis amocanas. 

`fizikuri modelirebis~ paketebs ganekuTvnebian: 

‐`20‐SIM~ (Contrallab Products B.V.; http://www.rt.el.utwente.nI/20sim/); 

‐ Dymola (Dymasim; http://www.dymasim.se); 

‐ Dymola, OmSim (Lund University; http://www.control.Ith.se/cace/omsim.html); 

mecnierTa saerTaSoriso jgufis mier, am miarTulebis Semdgomi 

ganviTarebis mizniT, damuSavebuli iqna Modelica  (the  Modelica  Design 

Group:http://dynasim.se/modelica),  romelic SemoTavazebulia rogorc 

standarti sxvadasxva paketebs Soris modelebis aRweris gacvlisas. 

hibriduli avtomatebis sqemaze orientirebuli paketebi saSualebas 

iZlevian Zalian naTlad da bunebrivad aRiweros hibriduli sistemebi 

gadarTvebis rTuli logikiT. imis aucilebloba, rom yoveli gadarTvis 
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Semdeg unda ganisazRvros eqvivalenturi sistema, SesaZleblobas iZleva 

gamoyenebul iqnas mxolod orientirebuli kavSirebi. momxmarebels 

TviTonve SeuZlia gansazRvros blokebis axali klasi. elementaruli 

blokis qcevaSi uwyveti mdgenelis warmodgena xdeba algebrul-

diferencialuri gantolebebis sistemiT da formulebiT. uaryofiTi 

mxarea didi siWarbe uwyveti sistemebis aRwerisas. 

am mimarTulebas ganekuTvneba: 

- paketi shift (California PATH:http://path.berkeley.edu/shift); 

- rusuli paketi Model Vision Studium. 

paketebi shift ZiriTadad orientirebulia rTuli dinamiuri sistemebis 

aRweraze, xolo paketi MVS – rTuli qcevebis aRweraze. 

unda SevniSnoT, rom meore da mesame mimarTulebebs Soris ar aris 

dauZleveli barierebi. specialistTa ganmartebiT, maTi erTdrouli 

gamoyenebis SeuZlebloba ganpirobebulia mxolod dRevandeli 

gamoTvliTi SesaZleblobebiT. am dros modelebis agebis saerTo 

ideologia erTmaneTs emTxveva. principSi, SesaZlebelia, kompiuteruli 

midgoma, roca modelis struqturaSi gamoiyofa Sedgenili blokebi, 

romelTa elementebsac gaaCniaT sufTad uwyveti qceva, da erTjeradad 

gardaisaxos elementarul eqvivalentur elementad. Semdeg ukve 

erToblivi qceva am eqvivalenturi blokisa unda iqnas gamoyenebuli 

hibriduli sistemis analizisaTvis. 
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nawili III 

magaliTebi modelirebisaTvis 

 

   3.1.saborto cifruli gamoTvliTi manqanebis   

adgili saaviacio kompleqsis struqturaSi da misi  

umtyuno muSaobis modelebi 

 

safreni aparatebis (sa) bortze cifruli gamoTvliTi teqnikis 

saSualebebis farTod danergvam SesaZlebeli gaxada gaenTavisuflebina 

ekipaJi rTuli gamoTvliTi operaciebisagan da ganxorcielebuliyo 

mTeli rigi rTuli amocanebis avtomatizacia. 

saborto cifruli gamoTvliTi manqanebi (scgm) da sistemebi 

(scgms) gankuTvnili arian sanavigacio-safrenosno amocanebis 

gadasawyvetad, radiosalokacio saSualebebis muSaobis 

uzrunvelsayofad, koordinatebis Sesacvlelad, kavSiris organizebis 

amocanis gansaxorcieleblad, saborto sistemebis kontrolisaTvis, 

informaciis asaxvisaTvis, safreni aparatebis avtomaturi marTvisaTvis 

da sxva amocanebis gadasawyvetad. 

nax. 3.1. warmodgenilia scgm struqturuli sqema, romelic muSaobs 

sa-s marTvis konturSi. amocanebis gadawyvetisas scgm mTel informacias 

Rebulobs sxvadasxva gadamwodebisagan (gg.Sem), romelic scgm-Si Sedis an 

cifruli saxiT, an analoguri formidan gardaisaxeba cifrul formaSi 

Semavali gardamsaxebis “analoguri signali – kodi” (Sem.gar.  KA ) 

meSveobiT. Sedegebi, romlebic miiReba procesorSi Sesabamisi programis 

realizaciis Sedegad, gamomavali gardamsaxis “kodi  analogi” (gam.gar. 

 KA ) gavliT xvdeba sxvadasxva Semsrulebel mowyobilobebSi (Sm) 

safreni aparatisa, misi calkeuli qvesistemebis samarTavad, an 

informaciis ekipaJisaTvis mosaxerxebel formaSi warsadgenad.  

scgm-is sa-s marTvis konturSi muSaobis Taviseburebebia: SeuRleba 

gansxvavebuli fizikuri xasiaTis aparaturasTan; algoriTmis 
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mravaljeradi ganmeoreba; drois realur reJimSi muSaoba; algoriTmis 

droSi Sesrulebis SezRudvebi; maRali (amaRlebuli) saimedooba. 

ganvmartoT Tu ras niSnavs termini: scgm-is saimedooba – esaa 

sistemis Tviseba droSi dadgenil sazRvrebSi SeinarCunos yvela im 

parametris mniSvneloba, romlebic axasiaTeben mis unars Seasrulos 

saWiro funqciebi mocemul reJimebSi da gamoyenebis pirobebSi, teqnikuri 

momsaxurebis, remontis, Senaxvisa da transportirebisas.  

 

 

 

  

saimedoobis cneba aerTianebs scgms-is da saerTod nebismieri 

sistemis Semdeg Tvisebebs: umtyunobas, saremontod vargisobas, 

xangamZleobas da am Tvisebebis SenarCunebis unars Senaxvis da 

transportirebis ganmavlobaSi da Semdeg. 

scgms-is saimedoobis donis Sefasebisas didi mniSvneloba aqvs Tu 

ramdenad sworad iqneba ganmartebuli cnebebi “Seferxeba” da “mtyuneba”.  

saimedoobis Teoriis Tanaxmad: Seferxeba – esaa xdomileba, 

romelic iwvevs sistemis mier mocemuli klasis algoriTmebis 

Sesrulebis droebiT darRvevas, romlis xangrZlivoba ar aRemateba 

droiT zRurbls mt , xolo muSaobisunarianobis aRdgena ar moiTxovs 

scgms-is struqturis rekonfiguracias.  
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mtyuneba – esaa xdomileba, romelic iwvevs sistemis mier 

mocemuli klasis algoriTmebis realizaciis darRvevas, romlis 

xangrZlivoba aRemateba droiT zRurbls mt , xolo muSaobisunariani 

teqnikuri mdgomareobis aRsadgenad aucilebelia scgms-is struqturis 

rekonfiguracia. 

scgms-is Seferxebebisadmi mdgradobis albaToba S
mP  ganisazRvreba 

rogorc namravli sistemis uSecdomo muSaobis albaTobisa uP  da 

mocemuli klasis algoriTmebis drouli Sesrulebis albaTobisa sP  im 

pirobiT, rom SenarCunebuli iqneba algoriTmebis teqnikuri 

maxasiaTeblebi (gazomvebis sizuste, utyuari orobiTi Tanrigebis 

raodenoba, rac aucilebelia scgm-Si informaciis warsadgenad da a.S).  

                 su
S
m PPP                                        (3.1) 

xolo scgms-is umtyuno muSaobis modeli (albaToba) SeiZleba ase 

warmovadginoT: mtyunebebisadmi mdgradobis albaToba m
mP  ganisazRvreba 

rogorc namravli albaTobisa, rom scgms-i drois sawyis momentSi 

imyofeba muSa mdgomareobaSi, mmP  da albaTobisa, rom sistemis 

struqturis rekonfiguracia mtyunebis warmoSobisas ganxorcieldeba 

mocemuli drois ganmavlobaSi mrP  

                 mrmm
m
m PPP                                    (3.2) 

moviyvanoT scgms-is mtyunebis saxeebis klasifikacia: 

moulodneli mtyuneba – xasiaTdeba sistemis muSaobisunariani 

teqnikuri mdgomareobis naxtomiseburi (uecari) SecvliT; 

TandaTanobiTi mtyuneba – xasiaTdeba sistemis muSaobisunariani 

teqnikuri mdgomareobis TandaTanobiT SecvliT; 

nawilobrivi mtyuneba – iwvevs sistemis muSaobisunariani 

teqnikuri mdgomareobis nawilobriv (Secvlas) darRvevas; 

sruli mtyuneba – iwvevs sistemis muSaobisunariani teqnikuri 

mdgomareobis srulad darRvevas. 

saimedoobis TeoriaSi damuSavebulia sakmaod didi odenobis 

maTematikuri modelebi, romlebic SeiZleba gamoyenebul iqnas scgms-is 
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saimedoobis donis analizisaTvis. albaTobaTa ganawilebis kanonebs, 

romlebic aucilebelia im diskretuli da uwyveti SemTxveviTi 

sidideebis ZiriTadi maxasiaTeblebis dasadgenad, romlebic axasiaTeben 

scgms-is mtyunebebs da Seferxebebs, ganekuTvnebian: safexuriseburi 

ganawileba; n  safexuriani diskretuli ganawileba; eqsponencialuri 

ganawileba; veibulas da gama ganawilebebi; normaluri da logariTmul-

normaluri ganawilebebi. 

albaTobaTa ganawilebis kanonis arCeva xorcieldeba an 

statistikuri monacemebiT, romlebic miiReba gamocdis procesSi, an im 

fizikuri procesebis analizis safuZvelze, romlebic iwveven mtyunebas. 

sistemis saimedoobis donis Sefasebis modelis agebisas 

gaTvaliswinebuli unda iqnas ori garemoeba: 1. arCeuli maTematikuri 

modeli ar unda ewinaaRmdegebodes eqsperimentalur monacemebs; 2. 

uzrunvelyofili unda iqnas modelis martivi formiT aRwera da misi 

moxerxebuloba scgms-is saimedoobis donis ricxviTi Sefasebisas. 

 

        3.1.1. SemTxveviTi sidideebi 

 

 vinaidan scgms-is da saerTod sistemebis saimedoobis maCveneblebi 

pirdapir kavSirSia SemxveviTi sididis cnebasTan, aucilebelia 

albaTobis Teoriidan gavixsenoT zogierTi ZiriTadi ganmartebebi.  

SemTxveviTi sidide ganisazRvreba rogorc sidide, romelsac 

SeuZlia miiRos nebismieri mniSvneloba gansazRvruli simravlidan 

gansazRvruli fardobiTi sixSiriT an albaTobiT.  

SemTxveviTi sidide SeiZleba iyos diskretuli an uwyveti. 

SemTxveviTi sidide diskretulia Tu mas SeuZlia miiRos sasruli 

raodenoba garkveuli mniSvnelobebisa gansazRvruli albaTobebiT. 

magaliTad: saTamaSo kamaTlis gagoreba SeiZleba CaiTvalos diskretul 

SemTxveviT sidided, romelsac SeuZlia miiRos mxolod gansazRvruli 

mniSvnelobebi (1,2,3,4,5,6). 
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SemTxveviT sidides ewodeba uwyveti, Tu mas romelime Caketili an 

Ria intervalidan SeuZlia nebismieri mniSvnelobebi miiRos. magaliTad 

adamianebis wona SeiZleba daxasiaTdes uwyveti SemTxveviTi sididiT. 

 

 

        3.1.2. diskretuli SemTxveviTi sidideebi 

 

ganvixiloT diskretuli SemTxveviTi sidide X , romelsac SeuZlia 

miiRos n mniSvneloba: nxxx ,...,, 21  maSin funqcias  ixf , romelic iZleva 

albaTobas, dakavSirebuls TiToeuli ix -Tan, ewodeba SemTxveviTi X  

sididis albaTobaTa ganawilebis simkvrive. 

albaTobaTa ganawilebis simkvrive kamaTlis gagorebisas mocemuli 

ricxvis dajdomisa aris:  

 

     

  albaTo      ii xfxx   





i

i

x

x

,0

,6/1
                                 (3.3)             

 

       es funqcia grafikulad naCvenebia nax. 3.2-ze 
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cxadia, rom    



n

i
ii xfxf

1
.1;0  

zogierT praqtikul SemTxvevaSi ufro mizanSewonilia ara im 

albaTobis codna, rom cvladi sidide Rebulobs gansazRvrul ix  

mniSvnelobas, aramed im albaTobisa, rom X   iqneba naklebi an toli 

 ii xxPx  . es albaToba moicema albaTobaTa ganawilebis funqciis saxiT 

da zogadad 

                 xXPxFx                                     (3.4) 

diskretuli SemTxveviTi sididisaTvis albaTobaTa ganawilebis 

funqcia SeiZleba ase gamovsaxoT 

            



ixX

iiix xfxXPxF                               (3.5) 

magaliTisaTvis kamaTlis gagorebisas albaTobaTa ganawilebis 

funqcias eqneba nax. 3.3-ze naCvenebi saxe, vinaidan:      

                






1

2

3
1

6
2

6
1

6
121,0011

i
x
i

iixx ffxfxF3XP       fFXP   

da a.S.  
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unda gvaxsovdes, rom   10  xFx  - es utoloba samarTliania orive 

tipis SemTxveviTi sididisaTvis.  

ganawilebis funqciis damateba iZleva imis albaTobas, rom 

SemTxveviTi sidide aRemateba raRac gansazRvrul sidides, anu albaToba 

                 



ixX

ii xfxF 11x iX                          (3.6) 

 

3.1.3. uwyveti SemTxveviTi sidideebi 

 

ganvixiloT SemTxveviTi sidideebi, romelTa mniSvnelobebi 

icvleba intervalSi (Caketil an Ria intervalSi) da ara sasruli 

raodenobis wertilebze. diskretuli SemTxveviTi sididis msgavsad 

albaTobaTa ganawilebis funqcia  ixF  uwyveti SemTxveviTi X   sididisa 

ganisazRvreba rogorc albaToba imisa, rom SemTxveviTi sidide 

Rebulobs mniSvnelobas, romelic tolia an naklebia raRac 

gansazRvruli sididisa ix  anu 

  ixF albaToba  ixX   

Sesabamisad, albaToba imisa, rom SemTxveviTi sidide X   miiRebs 

raRac mniSvnelobas intervalSi 1X ‐sa da 2X –s Soris, warmoadgens 

sxvaobas albaTobaTa ganawilebis funqciis mniSvnelobebisa, romlebiTac 

Sefasebulia es ori wertili, e.i. albaToba 

              1221 xFxFxXx                         (3.7) 

rogorc vnaxeT, diskretuli sididisaTvis albaTobaTa simkvrive 

gansazRvrulia rogorc albaToba, romelic dakavSirebulia ix  

mniSvnelobasTan. es pirdapiri gansazRvreba ar SeiZleba gamoyenebul 

iqnas uwyveti SemTxveviTi sididisaTvis, vinaidan albaToba, romelic 

dakavSirebulia nebismier konkretul sididesTan intervalSi, aris nuli 

(es kargad Cans (3.7) formulidanac). amis nacvlad gamoiyeneba albaTobaTa 
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ganawilebis cneba imisaTvis, rom ganisazRvros uwyveti SemTxveviTi 

sididis albaTobaTa ganawilebis simkvrive  xf , Semdegnairad 

         xdFdxxf         
dx

xdF

x
imlxf
x








;

xxXx
0

 albaToba
          (3.8) 

Sesabamisad, albaToba imisa, rom X  sidide Rebulobs X ‐ze nakleb 

an tol mniSvnelobas, SeiZleba napovni iqnas albaTobaTa  xf  

simkvrividan, rogorc  albaToba 

     



x

xFdxxfxX                           (3.9) 

aseve gveqneba albaToba: 

               
2

1

1221

x

x

xFxFdxxfxXx                    (3.10) 

albaToba imisa, rom uwyveti SemTxveviTi sidide Rebulobs 

mniSvnelobebs, romlebic naklebia raRac gansazRvrul mniSvnelobebze, 

an moTavsebulia raRac mniSvnelobebs Soris, SeiZleba geometriulad 

interpretirebul iqnas im farTobis mniSvnelobiT, romelic 

moTavsebulia albaTobaTa ganawilebis simkvrivis amsaxveli mrudis qveS. 

albaTobaTa ganawilebis simkvrives aqvs Semdegi Tvisebebi: 

1.  




 1dxxf  - WeSmariti xdomilebis albaToba 1-is tolia; 

2.       
2

1

12

x

x

xFxFdxxf . 

 

       3.1.4. SemTxveviTi sidideebis maTematikuri molodini da dispersia 

 

sistemebis saimedoobis maCveneblebis gansazRvrisas saWiro xdeba 

codna informaciisa statistikuri ganawilebis Sesaxeb ramodenime wuTis 

ganmavlobaSi. erT-erTi am saxis yvelaze ufro mniSvnelovani aRiwereba 

wertiliT, romlis mimarTac xdeba ganawilebaTa centrireba da romelic 

cnobilia rogorc zoma centralizaciisaken tendenciisa. 

centralizaciisaken tendenciis karg cnobil zomas warmoadgens 

maTematikuri molodini, romelsac bevr SemTxvevaSi uwodeben saSualo 
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ariTmetikuls an saSualo ariTmetikul mniSvnelobas. is warmoadgens 

ganawilebis simZimis centrs. 

maTematikuri molodini uwyveti da diskretuli SemTxveviTi 

sidideebisa ganisazRvreba Sesabamisad TanafardobebiT: 

   




 dxxxfXE , roca X uwyvetia albaTobaTa ganawilebis simkvriviT  xf  

   



n

i
ii xfxXE

1

, roca X diskretulia sidideebiT ni xxx ,...., 2  da Sesabamisi                 

                    albaTobaTa simkvriveebiT      nxfxfxf ,...,, 21 . 

 

 

 

        3.2. scgms-is gamoTvliTi sistemebis saimedoobis  

                            modelireba 

 

 

faqtia, rom gamoTvliTi cifruli eleqtronuli saSualebebi 

farTod gamoiyeneba, dawyebuli safreni aparatebiT, urTulesi 

teqnologiuri procesebis marTviT da sayofacxovrebo teqnikiT 

damTavrebuli. realurad ar arsebobs adamianis moRvaweobis metnaklebad 

seriozuli sfero sadac ar gamoiyeneba Tanamedrove informaciuli 

teqnologiebis saSualebebi, magram gansakuTrebuli mniSvneloba aqvT 

momqmed da proeqtirebad realur droSi momqmed satransporto 

sistemebis, sakomunikacio sistemebis, energetikuli sistemebis, 

avtomaturi danadgarebis, kosmosuri obieqtebis marTvis saSualebebs. 

Cveulebriv aseT sistemebs unda gaaCndeT saimedoobis maRali 

maCveneblebi, vinaidan maT mtyunebas SeiZleba hqondes saSiSi, Zvirad 

Rirebuli da zogierT SemTxvevaSi katastrofuli Sedegebi. dReisaTvis 

miRweulia umniSvnelovanesi progresi gamoTvliTi teqnikis saimedoobis 

uzrunvelyofaSi. 

rogorc vnaxeT gamoTvliTi teqnikis da monacemTa damuSavebis 

sistemebis TvalsazrisiT termini “saimedooba” ZiriTadad axasiaTebs 

sistemis unars uSecdomod Seasrulos masSi Cadebuli programa. 
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cifruli sistemebis SemTxvevaSi modelirebis da maTi saimedoobis 

uzrunvelyofis amocanebi gamoiyureba ramdenadme sxvanairad, vidre sxva 

sistemebis SemTxvevaSi, imis gamo, rom am pirvelT ar SeuZliaT gauZlon 

gareSe SemTxveviT zemoqmedebebs. bevr sxva tipis sistemaSi aseTi 

zemoqmedebebi iwveven mxolod samuSao maxasiaTeblebis droebiT 

gauaresebas, romlis Semdegac sistema ubrundeba muSaobis normalur 

reJims. cifrul sistemebSi SemTxveviTma zemoqmedebebma SeiZleba 

daarRvion gamoTvlebis mimdinareoba. 

 

 

        3.2.1.gamoTvliTi sistemis mtyunebaTa mizezebi 

 

gamoTvliTi sistemebis (es exeba scgms-sac) funqcionirebisas 

SeiZleba gamovyoT uwesivrobaTa gamomwvevi Semdegi mniSvnelovani 

wyaroebi: 

 Secdomebi operatiuli maxsovrobis da centraluri 

procesoris (procesorebis) muSaobaSi, rasac SeiZleba moyves 

Zalze seriozuli Sedegebi, radganac maT SeiZleba 

gamoiwvion mTeli gamoTvliTi sistemis normaluri muSaobis 

moSla; 

 Secdomebi periferiul mowyobilobebSi ar iwveven sistemis 

muSaobis Sewyvetas, magram isini SeiZleba mizezi gaxdnen 

seriozuli Seferxebebisa; 

 Secdomebi modulebs Soris SeerTebebSi. arsebobs mosazreba, 

rom Secdomebi signalebis gadacemis xazebSi arseboben da 

momavalSic yovelTvis warmoiSobian. Secdomebis aRmosaCenad 

da gasasworeblad gamoiyeneba sxvadasxva kodebi, Tumca 

monacemTa gadacemaSi zogierTma Secdomebma, saboloo jamSi 

SeiZleba gamoiwvios terminalebis da SemaerTebeli xazebis 

mwyobridan gamosvla; 

 adamianis mizeziT gamowveuli Secdomebi. msgavsi Secdomebis 

or umniSvnelovanes wyaros warmoadgens operatoris 
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Secdomebi da Secdomebi programebSi, algoriTmebSi. zogjer 

operatoris mizeziT SeiZleba moxdes sistemis sruli 

mtyuneba sistemis araswori CarTva-gamorTviT, araswori 

reaqciiT konkretul situaciaze da a.S; 

 Secdomebi garemomcveli garemos zemoqmedebebis Sedegad. am 

tipis Secdomebi SeiZleba warmoiqmnas el. magnituri 

gamosxivebebis gamo araswori ekranirebisas an haeris 

kondicirebis sistemis uwesivrobisas; 

 Secdomebi kvebis wyaros maxasiaTeblebis darRvevis Sedegad. 

kvebis wyaros Zabvis mkveTrma momatebam SeiZleba gamoiwvios 

eleqtronuli aparaturis xangamZleobis seriozuli 

daqveiTeba. gamoTvliTi sistemebi mgrZnobiareni arian kvebis 

Zabvis moklevadiani amaRlebis da dawevis mimarT, amdenad 

maT unda gaaCndeT Sesabamisi dacva.  

 

    3.2.2.gamoTvliTi sistemebis saimedoobis Sefasebis ZiriTadi  

         midgomebi 

 

gamoTvliTi sistemebis, iseve rogorc sxva fizikuri sistemebis, 

saimedooba SeiZleba gaizardos ise, rom ar mivmarToT rezervirebas. am 

SemTxvevaSi gamoiyeneba saimedoobis maRali maragis mqone elementebi da 

sqemebi da didi yuredReba eqceva maTi damzadebis da awyobis 

teqnologias. aseTi midgoma iTvaliswinebs aparaturis uwesivrobebis 

Tavidan acilebas da Seuferxebel muSaobas. sakmaod didi xnis 

ganmavlobaSi iTvleboda, rom rezervirebis gareSe SeuZlebelia Seiqmnas 

zesaimedo gamoTvliTi sistemebi, romlebic saWiroa, magaliTad 

kosmosuri sivrcis Sesaswavlad da miwiszeda da saborto sistemebis 

samarTavad realur droSi. dReisaTvis gamoTvliTi sistemebis gamoyeneba 

rezervirebis gareSe SeiZleba CavTvaloT Cveulebriv movlenad. Tumca 

isic unda avRniSnoT, rom saimedoobis amaRleba iwvevs gamoTvliTi 

sistemebis garTulebas da masSi Semavali elementebis raodenobis 

gazrdas.  
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saimedo gamoTvliTi sistemebis Seqmnis sxva midgoma 

dakavSirebulia maTi mtyunebamedegobis uzrunvelyofasTan. aseTi midgoma 

ar gamoricxavs uwesivrobaTa warmoqmnas, magram xdeba maTi sistemis 

muSaobaze arasasurveli zemoqmedebis Tavidan acileba an minimizireba 

ama Tu im formiT siWarbis SemotaniT. aseT mtyunebamedeg gamoTvliT 

sistemas SeuZlia muSaobisunarianobis SenarCuneba mocemuli raodenobis 

mtyunebisas an sworad Seasrulos programa garkveuli raodenobis 

elementebis mtyunebisas. mtyunebamedegobis uzrunvelyofa damcavi 

rezervirebiT, SeiZleba ganxorcieldes Semdegi meTodebiT: 

 logikuri elementebis siWarbis Semotana an rezervireba 

gamoTvliTi blokebis, kompiuteris doneze; 

 siWarbis Setana programuli uzrunvelyofis sistemaSi, e.i. 

damatebiTi programebis Seqmna, romlebic uzrunvelyofen 

dacvas Secdomebisagan da maT gasworebas; 

 droiTi siWarbis Semotana, rac saSualebas iZleva Catardes 

ganmeorebiTi kompiuteruli, gamoTvliTi da sxva operaciebi. 

funqciuri TvalsazrisiT siWarbis Semotana SeiZleba 

ganxorcieldes statikur an dinamiur reJimSi.  

uwesivrobaTa gavlena SeiZleba gamoiricxos damatebiTi 

mowyobilobis (mowyobilobebis) gamoyenebiT, im mizniT, rom erTi 

rezervirebuli elementis mtyunebisas funqciuri modulis gamosasvleli 

monacemebi ar icvlebodes. gaumarTavi elementis gavlena momentalurad 

da avtomaturad blokirdeba mudmivad CarTuli da erTdroulad momqmedi 

elementebis arsebobis gamo. aseT rezervirebas ewodeba statikuri, 

vinaidan mtyunebis blokireba xorcieldeba avtonomiurad, sistemis 

muSaobaSi raime Carevis gareSe (aseTia magaliTad, rezervireba 

“maJoritaruli xmis micemis funqciiT”). 

dinamiuri rezervirebisas uwesivrobaTa Sedegebi SeiZleba 

gamoCndes sistemis gamosasvlelze, magram gaTvaliswinebulia 

specialuri saSualebebi maT aRmosaCenad, diagnostikisa da Tavidan 

asacileblad. rezervirebis aseTi saxe cnobilia aseve, rogorc 
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rezervireba CanacvlebiT, SecdomaTa gasworeba xdeba ganmeorebiTi 

gamoTvlebiT. 

hibriduli rezervirebisas drois nebismier momentSi sami an meti 

moduli SeerTebulia maJoritarul elementTan. romelime modulis 

mtyunebisas warmoiqmneba araTanxvedra misi gamosasvlelisa sxva or 

modulTan SedarebiT da xdeba misi Secvla rezerviT.  

 

3.3. mudmivi mtyunebis modelireba 

 

aparaturuli saSualebebis mravalferovani konfiguraciebis 

modelireba iZleva informacias konkretuli xelsayreli variantis 

racionaluri arCevisa. gamoTvliTi sistemebisaTvis saimedoobis 

maCveneblis arCeva ganisazRvreba maTi ama Tu im konkretuli gamoyenebis 

xasiaTiT. ase magaliTad, kosmosuri aparatebis cifruli sistemebisaTvis, 

romlebic miuwvdomeli arian remontisaTvis, misaReb maCveneblad iTvleba 

albaToba warmatebiT (aq aucileblad igulisxmeba mdgradoba 

Seferxebebisadmi) muSaobisa davalebis Sesrulebis drois ganmavlobaSi – 

es dro SesaZlebelia iyos sakmaod xangrZlivi. am dros ki transportis 

moZraobis an sawarmos muSaobis marTvis amocanis gadawyvetisas 

sasargeblod iTvleba iseTi maCveneblebi, rogoricaa muSaobis saSualo 

dro, gacdenaTa saSualo dro da mtyunebaTa sixSire. mtyunebaTa 

intensivobis    da aRdgenaTa intensivobis    maCveneblebis 

gamoyenebisas es maCveneblebi iTvleba mudmiv sidideebad. 

 

 

        3.3.1.umtyuno muSaobis albaTobis zogadi gamosaxulebebi 

 

davuSvaT, rom 0n  raodenobis erTnairi elementebidan, romlebic 

gadian gamocdas, drois t   intervalis Semdeg mwyobridan gamovida  tn f  

raodenobis elementi, xolo  tns  raodenoba elementebisa inarCunebs 

muSaobisunarianobas. am dros albaToba umtyuno muSaobisa ganisazRvreba 

ase:  
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                
   

 
0n

tn

tntn

tn
tR s

fs

s 


                                (3.12) 

sidide  tR  da t   momentSi mtyunebis warmoqmnis albaToba  tF  

erTmaneTTan dakavSirebuli arian tolobiT     1 tFtR , rogorc 

SeuTavsebeli xdomilebebi. amis gaTvaliswinebiT gveqneba: 

                 
00

0

0

11
n

tn

n

tnn

n

tn
tRtF fss 


                      (3.13) 

amrigad,    
0

1
n

tn
tR f  da am funqciis droSi warmoebuls eqneba 

saxe: 

                   
   

dt

tdn

ndt

tdR f

0

1
                                (3.14) 

roca 0dt -saken maSin, Tu gavixsenebT  tR  aris umtyuno 

muSaobis albaTobaTa ganawilebis funqcia, xolo misi warmoebuli (3.8) 

gamosaxulebis Tanaxmad warmoadgens umtyuno muSaobis albaTobaTa 

ganawilebis simkvrivis  tf  myisier mniSvnelobas, e.i.  

                
   tf

dt

tdn

n
f 

0

1
                                  (3.15) 

amrigad, (3.14) gamosaxuleba miiRebs saxes:  

                            

 
   tf
td

tdR
                                        

(3.12) gamosaxulebis gaTvaliswinebiT (3.14) gamosaxuleba SeiZleba 

ase Caiweros 

             
 
 

   
dt

tdn

dt

tdR
n

td

tdn
sf  0                              (3.16) 

mtyunebaTa intensivobis myisieri mniSvneloba. (3.16) gamosaxulebis 

orive mxare gavyoT  tns -ze: 

          
 

 
 

dt

tdR

tn

n

dt

tdn

tn s

f

s

01
  an  

 
 

   t
dt

tdR

tn

n

dt

tdn

tn s

f

s

 01
           (3.17) 

sadac  t  - aris mtyunebaTa intensivoba. CavsvaT (3.12) da (3.15) 

gamosaxulebebi (3.17) gamosaxulebaSi da gveqneba  
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           
   

 tR

tf

dt

tdR

tR
t 

1                                    (3.18) 

umtyuno muSaobis albaToba. (3.18) gamosaxuleba CavweroT ase: 

 
   dtt
tR

tdR   da movaxdinoT orive mxaris integrireba droiT 

intervalSi  t,0 , miviRebT    
 

 
t tR

dRt
tR

dtt
0 1

1 , cnobili sawyisi 

pirobebisas, roca   1,0  tR      t , es integraluri gantoleba miiRebs saxes 

   
t

dtttR
0

ln  , saidanac SeiZleba ganvsazRvroT umtyuno muSaobis 

albaToba 

                   
 




t

dtt

tR 0



                                      (3.19) 

 

Tu mtyunebaTa intensivoba  t  mudmivia da    t , maSin (3.19) 

gamosaxuleba miiRebs saxes: 

                   ttR                                           (3.20) 

 

mtyunebaTa intensivobis U   – sebri mrudi. eleqtronuli 

aparaturis mtyunebaTa intensivobis tipiuri funqcia naCvenebia nax. 3.4-ze.  

naxazze kargad Cans mtyunebaTa intensivobis sami gansxvavebuli 

ubani: I – roca nakeToba iwyebs muSaobas da gvaqvs misaxmarisebis etapi, II 

– mtyunebaTa intensivoba TandaTan klebulobs da normaluri 

eqspluataciis periodSi xdeba mudmivi, xolo III – esaa cveTis periodi, 

roca  t  izrdeba. I periodSi mtyunebebi gamowveulia, ZiriTadad, 

konstruqciuli an sawarmoo defeqtebiT.  

rogorc naxazzea naCvenebi, ubans sadac  t  mudmivia ewodeba 

mowyobilobis normaluri eqspluataciis periodi.  

cveTis periodi iwyeba maSin, roca eleqtronulma sistemam an misma 

elementebma ganicades daZveleba an amowures Tavisi resursi. mtyunebebs, 

romlebic warmoiqmnebian normaluri eqspluataciis periodSi, ewodebaT 
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uecari, vinaidan isini warmoiqmnebian drois SemTxveviT momentebSi, an 

sxva sityvebiT moulodnelad, winaswarganWvretis gareSe. 

 

 

 

 

 

 

      3.3.2.saSualo mtyunebaTaSorisi namuSevari 

 

maTematikuri molodini  tE  uwyveti SemTxveviTi sididis 

ganawilebis simkvrivisa (Cvens SemTxvevaSi esaa mtyunebaTaSorisi 

saSualo namuSevari 0T ) ganisazRvreba gamosaxulebiT: 

                     



0

0 dtttfTtE                                   (3.21) 

sadac  tf  - ganawilebis simkvrivea. 
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davuSvaT, rom sistema imyofeba normaluri eqspluataciis periodSi 

da saWiroa ganisazRvros misi saSualo mtyunebaTaSorisi namuSevari. 

rogorc vnaxeT, normaluri eqspluataciis periodSi mtyunebaTa 

intensivoba mudmivia da    t , xolo umtyuno muSaobis albaTobaTa 

ganawilebis simkvrive     tedttdRtf   /  (3.18) da (3.20) gamosaxulebebis 

Tanaxmad, maSin (3.21)-is mixedviT gveqneba: 

             
 

 









0 0
00

1






t

tt e
tedtetT                      (3.22)  

 

 

      3.3.3.mtyunebebis da aRdgenaTa zogadi modeli 

 

realur gamoTvliT sistemebSi mwyobridan SeiZleba gamovides 

calkeuli mowyobilobebi mtyunebaTa warmoSobis gamo. xdeba mtyunebuli 

elementis aRdgena. mtyunebaTa warmoqmna iwvevs gamoTvliTi sistemis 

funqcionirebis xarisxis gauaresebas, amitom aucilebelia gamoTvliTi 

sistemebis modelebSi gaTvaliswinebul iqnas saimedoobis maCveneblebi. 

saimedoobis gaTvaliswineba niSnavs, jer erTi, modelSi mtyunebis 

da aRdgenis CarTvis, da meore, mtyunebuli gamoTvliTi elementis 

modelSi moqmedebaSi im algoriTmis Sesrulebas, romlis momsaxurebac 

mas uwevda mtyunebis warmoqmnis momentSi. 

mtyunebaTa modelirebis meTodika ganisazRvreba gaTvaliswinebuli 

mtyunebebis saxeebiT. mtyunebaTa klasifikacia xdeba warmoqmnis 

procesebis xasiaTiT, gamovlinebis niSnebiT, erTmaneTTan kavSirebiT, 

zemoqmedebis xarisxiT da xasiaTiT, aRdgenis SesaZleblobiT da SromiTi 

danaxarjebiT. 

gamoTvliTi sistemebisaTvis, rogorc vnaxeT, yvelaze 

damaxasiaTebelia normaluri eqspluataciis periodSi uecari 

(moulodneli) mtyunebebi, romlebic SeiZleba daxasiaTdes sistemis an 

misi mowyobilobebis umtyuno muSaobis albaTobaTa eqsponencialuri 

ganawilebis kanoniT (ix. gamosaxuleba (3.20)), romelic sistemis K ‐uri 
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mowyobilobisaTvis miiRebs saxes   t
k

ketR  , sadac 



n

j
jjjk N

1

  - 

mtyunebaTa intensivobaa, n  – elementebis tipebis raodenoba, j  - aris j ‐

uri tipis elementebis mtyunebaTa intensivoba, jN   –  j ‐uri tipis 

elementebis raodenoba, j   –  aris j ‐uri tipis elementis datvirTvis 

koeficienti. K ‐uri mowyobilobis mtyunebaTaSorisi namuSevris saSualo 

dro (3.22) Tanaxmad iqneba kkT  /1 . 

aRdgenis xangrZlivobac aseve SeiZleba warmodgenili iqnas 

SemTxveviTi sididiT albaTobaTa gaurkveveli ganawilebis kanoniT. Tu 

modelis zomebis Semcirebis mizniT ramodenime realuri mowyobilobis 

warmodgena xdeba erTi funqciuri elementiT, maSin am elementSi 

gaTvaliswinebul unda iqnas saimedoobis parametrebi yvela im 

mowyobilobebisa, romlebsac is cvlis. magaliTad, iseTi Tanmimdevroba, 

rogoricaa monacemTa gadacemis multipleqsori, modemi, 

kavSirgabmulobis xazi da kidev erTi modemi, modelSi SeiZleba 

warmodgenili iyos erTi komunikatoriT, vTqvaT kavSiris arxiT. am dros 

misi mtyunebaTa intensivoba k  unda gaangariSdes zeviT motanili 

formuliT yvela im mowyobilobis gaTvaliswinebiT, romelsac is cvlis. 

mtyunebaTa modeli axdens gamoTvliTi sistemis mowyobilobebis 

funqciuri saimedoobis imitirebas, xolo aRdgenis modeli – momsaxure 

personalis da marTvis aparaturis moqmedebas. imitaciuri modelirebisas 

saimedoobis gaTvaliswineba SeiZleba warmodgenili iyos mtyunebaTa 

specialuri nakadis saxiT, romlebic Semodian yvela funqcionirebad 

elementSi garkveuli intensivobiT, anu mtyunebebi miCneulia 

gansakuTrebuli tipis xdomilebebad. 

SeiZleba ganvixiloT momsaxure elementebis mtyunebis da aRdgenis 

Semdegi modeli. Tavidan ganixileba   K ‐uri elementis mtyunebis 

albaToba i ‐uri algoriTmis Sesrulebisas: 

kikik TTF /  
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sadac ikT - aris K ‐uri elementis mier i   algoriTmis momsaxurebis 

dro, kT - K ‐uri elementis mtyunebaTaSorisi namuSevris saSualo droa - 

kkT  /1 . 

Semdeg xdeba SemTxveviTi A   ricxvis generireba, romelic 

Tanabradaa ganawilebuli (0,1) intervalSi. miRebuli mniSvneloba dardeba 

K ‐uri elementis mtyunebis ikF  albaTobas. im SemTxvevaSi Tu sruldeba 

piroba ikFA  , anu A   SemTxveviT ricxvis mniSvneloba ganekuTvneba 

intervals  ikF,0 , maSin iTvleba, rom moxda mtyuneba scgms-is procesoris 

(elementis) mier algoriTmis Sesrulebisas periodSi. xdeba mtyunebis 

drois dadgomis gaangariSeba 

BTtt iknii 1  

da aRdgenis dasrulebis drois gaangariSeba 

CTtt ekii  12  

sadac nit - aris elementis mier i ‐uri algoriTmis momsaxurebis 

dawyebis dro, ekT - K ‐uri elementis aRdgenis maqsimaluri droa, CB, – 

generirebuli SemTxveviTi ricxvebis mniSvnelobebia, romlebic 

Tanabradaa ganawilebuli. 

elementebis moqmedebis wesi algoriTmebTan dakavSirebiT, romlis 

Sesrulebisas moxda mtyuneba, SeiZleba iyos sxvadasxva. es 

damokidebulia gamoTvliTi sistemis organizaciisa da mtyunebuli 

elementis tipze. magaliTad, Tu mtyuneba moxda procesorSi, maSin 

algoriTmis Sesruleba unda moxdes Tavidan, Tu terminalSi, maSin 

algoriTmis Sesruleba SeiZleba gagrZeldes misi aRdgenis Semdeg. es 

Taviseburebebi gaTvaliswinebul unda iqnas funqciuri elementis 

modelSi.  

 

      3.3.4.ararezervirebuli sistema 

 

ararezervirebuli sistemis umtyuno muSaobis albaToba T   drois 

ganmavlobaSi ganisazRvreba (3.20) formuliT. 
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aRdgenadi sistemebisaTvis arsebobs saimedoobis kidev 3 maCvenebeli: 

1. mzadyofnis koeficienti - 





rK  -  -aRdgenis intensivobaa; 

2. ara mzadyofnis koeficienti - 





A ; 

3. mtyunebaTa sixSire (anu mtyunebaTa saSualo ricxvi sistemis 

muSaobis drois erTeulSi) - 





tf . 

mzadyofnis koeficienti uCvenebs drois saSualo wils sistemis 

muSaobisunarian mdgomareobaSi yofnisa didi xnis ganmavlobaSi; ara 

mzadyofnis koeficienti ki uCvenebs drois saSualo wils sistemis 

gaumarTav mdgomareobaSi yofnisa drois didi intervalis ganmavlobaSi. 

 

3.3.5. moduluri sistema sammagi rezervirebiT 

 

martivi moduluri sistema sammagi rezervirebiT naCvenebia nax. 3.5-

ze.  

 

 

 

 

is Sedgeba 3 erTnairi elementisagan, romlebic axorcieleben erTi 

logikuri cvladis realizebas, romlis mniSvnelobac ganisazRvreba 

maJoritaruli sqemiT. funqciis mniSvneloba maJoritaruli sqemis 

gamosasvlelze naCvenebia cxrilSi (cx. 3.1). erT-erTi elementis 
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damoukidebeli mtyunebisas is ar vlindeba da gamosavali monacemebi 

rCeba swori. 

sammagi rezervirebis mqone moduluri sistemis umtyuno muSaobis 

albaToba ganisazRvreba gamosaxulebiT    RRRRRRTMR 2313 223  . am 

dros ivaraudeba, rom maJoritaruli sqema aris absoluturad saimedo,  

                                               cxrili 3.1  

xmis micemis funqciis mniSvnelobebi 

moduluri sistemisaTvis sammagi 

rezervirebiT 

gamosasvleli monacemebi 

 

el. 1 

 

 

el. 2 

 

el. 3 

xmis 

micemis 

sqema 

0 

0 

0 

1 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

 

xolo Tu maJoritaruli sqema araa srulyofili, maSin SeiZleba 

visargebloT gamosaxulebiT:   MTMR RRRR  232 , sadac MR - aris 

maJoritaruli sqemis umtyuno muSaobis albaToba; R   –  aris TiToeuli 

elementis umtyuno muSaobis albaToba.  

 

3.3.6. moduluri sistema N – jeradi rezervirebiT 

 

aseTi sistema Sedgeba 12  nN  dublirebuli elementisagan, 

romlebic SeerTebuli arian xmis micemis elementTan, romelic 

inarCunebs muSaobis unarianobas, rodesac N   elementidan gamarTul 

mdgomareobaSia  1n  elementi. imisaTvis, rom uzrunvelyofil iqnas 
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umravlesoba N ‐dan, muSaobisunarianoba unda SeinarCunos aranakleb 

 1n  elementma. umtyuno muSaobis albaTobis gansazRvrisaTvis 

gamoiyeneba binomialuri ganawilebis kanoni, romlis Tanaxmadac SeiZleba 

daiweros: 

                    
   iNi

n

i
i

NMR RRNR 



  1
0 ,

 

   sadac     !!
!

iiN

N
N
i 
 . 

 

 

3.3.7. rezervireba CanacvlebiT 

 

aseTi rezervirebisas gamoiyeneba ramodenime funqciurad erTnairi 

elementi. erT-erTi am elementebidan funqcionirebs aqtiurad, xolo 

danarCenebi imyofebian dautvirTavi rezervis mdgomareobaSi, CarTvis 

molodinSi, roca erT-erTi momuSave elementi gamova mwyobridan. 

dautvirTavi rezervis mqone sistemis umtyuno muSaobis albaToba 

damokidebulia mtyunebis warmatebiT aRmoCenis albaTobaze, gadarTvis da 

muSaobisunarianobis aRdgenaze: es maCvenebeli SeiZleba ganisazRvros, 

rogorc gamoTvliTi sistemis yvela SesaZlo mtyunebaTa nawili, rodesac 

sistemas SeuZlia Tavisi muSaobisunarianobis aRdgena konfiguraciis 

Secvlis gziT. 

 sistema erTi sarezervo elementiT Sedgeba ori erTnairi 

gamoTvliTi modulisagan. erT-erTi moduli funqcionirebs, xolo meore 

moduli imyofeba dautvirTavi rezervis mdgomareobaSi. 

ivaraudeba, rom mtyunebaTSorisi namuSevari da aRdgenis dro 

eqvemdebarebian eqsponencialuri ganawilebis kanons. aseTi sistemis 

gadasvlaTa diagrama naCvenebia nax. 3.6-ze.  

1 mdgomareobaSi orive moduli gamarTul mdgomareobaSia, xolo 

dautvirTavi modulis mtyunebisas sistema gadadis me-3 mdgomareobaSi. 

datvirTuli elementis mtyunebisas SesaZlebelia ori mdgomareoba. 

datvirTuli elementis mtyunebis aRmoCenisas, dautvirTavi elementis 
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CarTvisa da sistemis muSaobisunarianobis aRdgenisas sistema gadadis me-

2 mdgomareobaSi, rodesac dautvirTavi elementi xdeba datvirTuli. im 

SemTxvevaSi, roca ar xdeba sistemis muSaobisunarianobis aRdgena, orive  

 

 

 

elementi gamodis mwyobridan da sistema gadadis aramuSa mdgomareobaSi 

(mdgomareoba 4).  

aseTi sistemis saimedoobis modelirebisas SeiZleba gamoyenebul 

iqnas gadasvlaTa matrica, romelsac aqvs Semdegi saxe: 

 

 

, 

 

sadac a - aris datvirTuli aqtiuri modulis mtyunebaTa intensivoba; S - 

aris dautvirTavi modulis mtyunebaTa intensivoba;  - aris nebismieri 

modulis aRdgenis intensivoba; C   –  albaToba mtyunebis warmatebiT 

aRmoCenis, gadarTvis da muSaobisunarianobis aRdgenisa; CC 1 .  
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      3.3.8.SeferxebiTi xasiaTis mtyunebebis modelireba 

 

SeferxebiTi xasiaTis mtyunebas aqvs SezRuduli xangrZlivoba da 

qreba warmoqmnidan raRac drois Semdeg. magram Tavisi arsebobis mcire 

drois ganmavlobaSi mas SeuZlia Secvalos gamoTvliT sistemaSi 

registrebis Semcveloba da gavlena moaxdinos programis normalur 

msvlelobaze, riTac iwvevs mis araswor Sesrulebas da Sedegad xdeba 

sistemis mtyuneba. SeferxebiTi xasiaTis mtyunebebis gavlenis 

gamoricxvisaTvis, maTi aRmoCenisa da neitralizebisaTvis SeiZleba 

gamoyenebul iqnas rezervireba. mtyuneba SeiZleba aRmoCenil iqnas ori an 

meti modulis gamosasvleli monacemebis SedarebiT an mtyunebamdgradi 

maRali saimedobis gamoTvliTi sistemiT, romelic uzrunvelyofs 

Secvlili monacemebis da programis aRdgenas. 

modulur sistemaSi SeferxebiTi xasiaTis mtyunebebis 

modelirebisas ivaraudeba, rom aseTi mtyunebebi Cndebian t  saSualo 

intensivobiT, romelic iTvleba mudmiv sidided sistemis mTeli 

eqspluataciis periodis ganmavlobaSi, xolo maT xangrZlivobas aqvs 

eqsponencialuri ganawileba. 

muSaobisunarianobis aRdgenis procedura moicavs sam etaps: 

1. mtyunebaTa aRmoCena Sedegebis SedarebiT; SedarebaTa 

Soris drois Sualedi tolia CT . dro mtyunebis 

warmoqmnidan mis aRmoCenamde warmoadgens SemTxveviT 

sidides albaTobaTa ganawilebis eqsponencialuri 

simkvriviT; 

2. dayovnebis drois dadgena (daSvebulia raRac DT  drois 

intervalis arseboba mtyunebis aRmoCenis momentidan 

sistemis muSaobisunarianobis aRdgenis momentamde, 

romelic aucilebelia SeferxebiTi xasiaTis mtyunebis 

gaqrobisaTvis); 

3. muSaobisunarianobis aRdgena (daSvebulia raRac RT  drois 

intervali, romlis ganmavlobaSi xdeba aRdgena). 
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Tu mravalkompiuterian sistemaSi yvela kompiuteri warmoadgens 

umtyuno sistemas da erT-erT kompiuterSi warmoiSoba SeferxebiTi 

xasiaTis mtyuneba, maSin sistemis muSaobisunarianobis aRdgenis 

procedura iwyeba SeferxebiTi xasiaTis mtyunebis warmoqmnisas Semdegi 

SesaZlo Sedegebis miRebis dros: 

1. muSaobisunarianobis aRdgena aRmoCnda warmatebuli da 

kompiuterebi isev muSaoben uSecdomod; 

2. SeferxebiTi xasiaTis mtyuneba sakmaod xangrZlivia da is 

SecdomiT SeiZleba miCneul iqnas mudmiv mtyunebad. 

mocemul SemTxvevaSi kompiuteri iTvleba dazianebulad; 

3. kompiuterSi, romelic adre muSaobda uSecdomod, 

SeferxebiTi xasiaTis mtyunebis Semdeg 

muSaobisunarianobis aRdgenis periodSi SeiZleba 

warmoiSvas Seferxeba moduluri sistemis, sammagi 

rezervirebiT, mtyunebis Sedegad.  

 

 

 3.4. programuli uzrunvelyofis saimedoobis 

  modelebi 

  

 

aparaturuli saSualebebis saimedoobis kvleva bevrad ufro adre 

daiwyo, vidre programuli saSualebebisa. amitom, bunebrivia, 

mkvlevarebis didi nawili programuli uzrunvelyofis gamokvlevisas 

cdilobda gamoeyenebina is udidesi codna, rac dagrovda teqnikuri 

saSualebebis saimedoobis kvlevisas. aseTi mcdelobebis Sedegad 

dadgenil iqna, rom saimedoobis rigi meTodebisa warmatebiT SeiZleba 

gamoyenebul iqnas organizaciis da marTvis procedurebis analizisas, 

magram Secdomebis meqanizmebs aq gaaCniaT sruliad sxva buneba. 

ivaraudeba, rom aparatura gamodis mwyobridan, Tu misi maxasiaTeblebis 

gadaxra xdeba winaswar gaTvlilisagan an xdeba mtyuneba maxasiaTeblebis 

gadaxrebis dasaSvebi normidan gasvlisas an xdeba uecari (moulodneli) 

mtyuneba. rac Seexeba programuli uzrunvelyofis (pu) bloks, romlis 
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meSveobiTac xdeba saborto da sxva sistemebis marTva, kontrolis da 

sxva algoriTmebis realizeba, is fizikurad ar gamodis mwyobridan, 

mxolod programa ar iZleva saWiro Sedegs, vinaidan masSi aris Secdoma. 

am Secdomis aRmoCena xdeba programis Sesabamisi fragmentis gaSvebisas, 

Tumca Secdoma aucileblad ar iwvevs sistemis mtyunebas, Tu 

aparaturaSi mtyunebis warmoqmnis momentSi xdeba cvlilebebi, Tu ki 

faqtiurad rCeba iseTive, rogoric iyo Secdomis aRmoCenamde. 

aparaturis saimedooba SeiZleba gazrdil iqnas rezervirebis 

gamoyenebiT, maSin roca ori erTnairi programis gamoyeneba ar iwvevs 

saimedoobis gazrdas, vinaidan orive programaSi erTidaigive Secdoma 

aRmoCndeba erTdroulad. 

mniSvnelovani gansxvaveba arsebobs saimedoobis damokidebulebisa 

sagamocdo procesebisadmi aparaturisa da pu-si. Tu SesaZlebeli 

iqneboda programis elementebis mixedviT Semowmeba Semavali monacemebis 

mTeli nakrebisaTvis, maSin Teoriulad sistemaSi Secdomebi SemdegSi 

arasodes ar warmoiqmnebodnen. piriqiT, aparatura SeiZleba gamovides 

mwyobridan guldasmiTi Semowmebis Semdegac ki. amasTan dakavSirebiT 

ibadeba kiTxva: SeiZleba CaiTvalos Tu ara, rom pu-s Secdomebi atareben 

SemTxveviT xasiaTs? realurad, pu Sesasvleli sivrcis elementebs 

gardasaxavs gamosasvlelebis sivrcis Sesabamis elementebSi. Tanac am 

dros Secdomis arsebobisas raRac qvesimravle Semavali elementebisa 

arasworad aisaxeba gamosaval sivrceSi. Tu cnobilia gamosasvlelebis 

qceva yvela SesaZlo Sesasvlelze da SesaZlebeli iqneba momavali 

gamosasvlelebis prognozireba, maSin Cven zustad SevZlebdiT nebismieri 

Secdomis prognozirebas. magram pu-s zogierTi msxvili blokis Tvisebebi 

yovelTvis rodia bolomde cnobili, vinaidan TiTqmis SeuZlebelia 

Semowmdes programuli saSualebebi Sesasvlelis yvela SesaZlo 

mniSvnelobebisaTvis. programis Sesasvlelebi aseve SemTxveviTia. amrigad, 

imis gaTvaliswinebiT, rom TviT programuli uzrunvelyofisaTvisac da 

yvela misi SesasvlelebisaTvis damaxasiaTebelia ganusazRvreloba, 

SeiZleba CavTvaloT, rom Secdomis gamoCena warmoadgens SemTxveviT 

process. 
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pu-s saimedoobis prognozirebisaTvis SeiZleba gamoyenebul iqnas 

saimedoobis sxvadasxva modeli. pu-s modelebSi gamoiyeneba informacia 

imis Sesaxeb, Tu ramdeni Secdomis gasworeba moxda programuli 

saSualebebis damuSavebis procesSi da am informaciis safuZvelze xdeba 

modelis parametrebis gansazRvra, romelic SemdgomSi SeiZleba 

gamoyenebul iqnas mosalodneli Secdomebis prognozirebisaTvis an 

saomedoobis sxva maCveneblebisaTvis. pu-s saomedoobis maCveneblad 

SeiZleba gamoyenebul iqnas albaToba programaSi Secdomebis ar 

arsebobisa garkveuli drois intervalSi programis eqspluataciisas 

sxvadasxva reJimebSi Sesabamis gamoTvliT sistemaze.  

modelireba aris erTi aspeqtTagani pu-s saimedoobis 

uzrunvelyofisa, romlis mizania programul uzrunvelyofaSi darCenili 

Secdomebis prognozireba, statistikuri informaciis gamoyenebiT 

Secdomebis aRmoCenisa da gasworebis Sesaxeb. aranaklebi mniSvneloba 

aqvs programuli saSualebebis saimedoobis uzrunvelyofis Semdeg or 

sferos – saimedo proeqtireba da gamocda, romlebic orientirebuli 

arian saimedoobis uzrunvelyofaze. 

albaT yvelaze karg saSualebas saimedo pu-s miRebisa warmoadgens 

SecdomaTa ricxvis minimumamde dayvana da maTi Sedegebi programaTa 

kompleqsis damuSavebis procesSi. magram ar arsebobs raime Semowmebuli 

saukeTeso meTodi pu-s Seqmnisa. Tumca, saerTo azriT, arsebobs mTeli 

rigi meTodebisa pu-s damuSavebis da am procesis marTvisa, romlebic 

saimedo programebis miRebis saSualebas iZlevian. am meTodebs 

ganekuTvneba struqturuli programireba da masTan dakavSirebuli wesebi. 

miuxedavad amisa, dReisaTvis TiTqmis gamoricxulia uSecdomo pu-s 

Seqmna. programebis gamocdebis mizania imis dadastureba, rom is 

Seesabameba saproeqto Canafiqrs. damuSavebulia konkretuli saSualebebi, 

romlebic saSualebas iZlevian Semowmdes Tu ramdenad Seesabameba 

programa teqnikur moTxovnebs. 

Semowmebis saSualebebi Sedgeba ori modulisagan: instrumentaluri 

modulisagan da analizatorisagan. 
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sawyisi programa gamosacdeli modulisa pirvelad (xvdeba) Semodis 

instrumentalur modulSi, romelic gamosacdel moduls amaragebs 

damatebiTi operatorebiT. am damatebiT operatorebs ewodeba mimwodebi 

da mTvlelebi (mricxvelebi), xolo TviT am operatorebis warmarTvis 

process ewodeba instrumentaluri aRWurva. sawyisi (gamosacdeli) 

programis instrumentebiT aRWurvisas misi funqciebi unda darCes 

ucvleli, anu operatori-mimwodma da operatori-mricxvelma ar unda 

Secvalos programis funqciuri daniSnuleba. 

damatebiTi operatorebiT aRWurvili programis translireba xdeba 

Cveulebriv, xolo miRebuli programis gaSveba xdeba misi testuri 

monacemebis gamoyenebiT. am dros programis gamosasvlelze Cveulebriv 

SedegebTan erTad miiReba monacemTa faili, romelic aRWurvilia 

damatebiTi operatorebiT, SeyavT analizatoris modulSi, romelic 

gamosasvlelze iZleva cnobebs gamosacdeli modulis qcevis Sesaxeb 

Sesrulebis procesSi. TiToeuli aseTi angariSi Seicavs informacias 

TiToeuli operatoris gamoCenis SemTxvevebze, TiToeuli marSrutis 

Sesaxeb ganStoebis wertilebSi da droze, romelic saWiroa TiToeuli 

operatoris SesrulebisaTvis. aseTi informacia gamoiyeneba programis 

struqturis Semowmebisas, is iZleva imis imeds, rom logika da kodi 

programisa sworia, garantias iZleva, rom TiToeuli operatori da 

TiToeuli ganStoeba programisa erTxel mainc sruldeba. aseve 

SesaZlebelia garantirebul iqnas TiToeuli qveprogramis erTxel mainc 

gamoZaxeba da gaSveba. 

aRniSnuli midgoma saSualebas iZleva proeqtirebisas daSvebuli 

Secdomebis (isini 20% aRemateba) didi nawili iqnas aRmoCenili. magram 

struqturuli analizis  es saSualebebi uZluri arian droiTi 

Tanafardobebis da monacemebs Soris mimarTebebis SemowmebisaTvis. 

struqturuli Semowmebis garda aucilebelia funqciuri Semowmeba, Tu 

programuli uzrunvelyofis gamoyenebisas mniSvnelovania drois faqtori. 
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