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naSromis zogadi daxasiTeba 

 

sadisertaci Temis aqtualoba: sazogadoebis ganviTarebis 

done mWidrod dakavSirebuli da ganpirobebulia samecniero-

teqnikuri progresis miRwevebiT. Sesabamisad mecnierebis 

miRwevebis bazaze iqmneba rTuli teqnikuri da teqnologiuri 

sistemebi, romlebic uzrunvelyofen adamianis rogorc fizikuri, 

ise gonebrivi Sromisnayofierebis mravaljerad gazrdas. 

rac ufro rTulia amocanebi, romelTa Sesrulebac evaleba 

teqnikur sistemas(ts), miT ufro rTulia am sistemis da 

Semadgeneli komponentebis (elementebis) struqtura, miT ufro 

didia komponentebis da maT Soris kavSirebis raodenoba. 

ramdenadac arc erTi fizikuri obieqti ar SeiZleba 

damzadebuli iqnes absoluturi srulyofilebiT, anu umciresi 

defeqtebis gareSe, yovelTvis aris saSiSroeba, rom es defeqtebi 

gamowveven elementis parametrebis gadaxras da garkveuli 

garegani da Siangani SeSfoTebebis pirobebSi am obieqtis 

mtyunebas. mtyunebis saSiSroeba anu misi albaToba miT ufro 

matulobs, rac ufro gadis dro, radganac fizikuri obieqti 

eqvemdebareba cveTasa da daberebis bunebriv procesebs. 

komponentTa raodenobis zrdasTan erTad izrdeba sistemaSi 

mtyunebaTa warmoSobis albaTobac. am albaTobis Sesamcireblad, 

am TvalsazrisiT, aucilebelia, sul ufro metad saimedo 

elementebis warmoeba, romelic Tavis mxriv SezRudulia 

Tanamedrove teqnologiuri SesaZleblobebiT.  

maSasadame, rTuli teqnikuri sistemebis, maT Soris 

kompiuteruli sistemebis da qselebis saimedoobis amaRlebis 

pirapiri gzaa Semadgeneli elementebis, mowyobilobebis da maTi 

damakavSirebeli fizikuri saSualebebis saimedoobis amaRleba. 

magram, nebismier teqnologiur SesaZleblobebs aqvs zRvari. 

amdenad, mtyunebaTa da SeferxebaTa SemTxveviTi movlenebis  

absoluturi acileba SeuZlebelia. am dros iyeneben saimedoobis 
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amaRlebis sxvadasxva meTodebs siWarbis gamoyenebiT, romlebic 

sistemaSi bunebrivad arseboben an Seiyvaneba damatebiT. 

siWarbe sistemaSi SeiZleba iyos aparaturuli, droiTi, 

informaciuli. 

aparaturuli siWarbe sistemaSi Seitaneba elementebis, 

mowyobilobebis an sistemis darezervebiT. 

droiTi rezervi niSnavs, rom amocanis gadawyvetis dro 

naklebia im operatiul droze, rodesac saWiroa gadawyvetis 

Sedegis gamoyeneba. 

drois arsebuli rezervis gamoyeneba SeiZleba amocanis an 

misi damaxinjebuli nawilis (etapis) xelaxali gaTvlisaTvis. 

informaciuli siWarbis gamoyeneba SiZleba im SemTxvevaSi 

Tu monacemebSi arsebobs (an xelovnurad Setanilia) iseTi 

informacia, romelic uSualod gaTvlisaTvis ar aris 

aucilebeli, magram muSavdeba monacemTan erTad da saSualebas 

iZleva gakontroldes Catarebuli operaciebis Sedegebi. 

cnobilia, rom analizuri modelebi rTuli ts_is Zneli 

gamosayenebelia, radganac mkveTrad izrdeba parametrebis 

raodenoba da ukiduresad rTuldeba  maTematikuri modeli. 

magram, adekvaturi modelebis SemTxvevaSi, isini mkafio 

warmodgenas iZlevian obieqtis ZiriTadi maxasiaTeblebis 

raodenobrivi da xarisxobrivi urTierTdamokidebulebebis 

Sesaxeb, maT Soris saimedoobis maxasiaTeblebis Sesaxeb. amdenad 

analizuri modelebis gamoyeneba mizanSewonilia ts-is 

proeqtirebis sawyis stadiaSi, rodesac ganisazRvreba obieqtis 

strategiuli parametrebi da Tvisebebi, xdeba variantebis 

urTierTSedareba da Sejereba. 

mocemuli naSromi exeba kompiuterul sistemebSi da 

qselebSi  struqturuli da droiTi rezervebis gamoyenebas 

garkveuli tipiuri, praqtikuli problemebis gadasawyvetad. 

SemuSavebulia Sesabamisi analizuri modelebi, romlebic 

saSualebas iZlevian moxdes dasaproeqtebeli obieqtebis 

saimedoobis maCveneblebis dadgena, Sefaseba da gaTvaliswineba. 
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aqedan gamomdinare, SeiZleba CaiTvalos, rom naSromSi 

damuSavebuli sakiTxebi aqtualuria da gaaCniaT saTanado 

praqtikuli Rirebulebebi. 

kvlevis mizani. sadisertacio Temis mizans warmoadgens 

rTul teqnikur sistemebSi, gansakuTrebiT kompiuterul 

sistemebSi da qselebSi amocanaTa gadawyvetis saimedoobis 

albaTuri Sefasebebis analizuri modelebis Seqmna 

struqturuli da droiTi rezervebis gamoyenebis pirobebSi. 

aqidan gamomdinare, naSromis ZiriTadi amocamebia: 

— kompiuterul sistemebSi da qselebSi mtyunebebis 

warmoSobis mizezebis, maTi saxeebis da Sefasebis 

saSualebebis analizi; 

— kompiuterul sistemebSi da qselebSi struqturuli 

da droiTi rezervebis gamoyenebis principebis 

analizi; 

— kompiuterul sistemebSi da qselebSi amocanaTa 

gadawyvetis saimedoobis maCveneblebis gaTvlis 

analizuri modelebis damuSaveba;  

— kvlevis ibieqti. rTuli teqnikuri obieqtebi, 

gansakuTrebiT kompiuteruli sistemebi da qselebi. 

samecniero siaxle. sadisertacio naSromSi damuSavebuli 

analizuri modelebi saSualebas iZlevian kompiuteruli 

sistemebSi da qselebSi SeirCes aparaturis saimedoobis iseTi 

maxasiTeblebi, romlebic uzrunvelyofen amocanaTa amoxsnis 

Sedegebis maRal sarwmunoobas. 

kvlevis meTodebi. sadisertacio naSromSi gamoyenebulia 

albaTobis Teoriis, saimedoobis Teoriis, diferencialur da 

integralur gantolebaTa Teoriis, operatiuli aRricxvis 

meTodebi. 

praqtikuli Rirebuleba. sadisertacio naSromSi miRebuli 

Sedegebis praqtikuli Rirebuleba mdgomareobs imaSi, rom misi 

saSualebiT SesaZlebelia, daproeqtebis adreul stadiaSi 
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ganisazRvros amocanis amoxsnis sarwmunoobis is done, romelic 

uzrunvelyofs sistemis funqcionirebis moTxovnil efeqtianobas. 

naSromis aprobacia. sadisertacio Temis garkveuli nawili 

moxsenebulia saerTaSoriso samecniero konferenciebze: 

     saerTaSoriso samecniero konferencia"informaciuli 

teqnologiebi 2008", moxsenebaTa krebuli, Tbilisi, 2008 w. 

 konferencia miZRvnili akademikos iveri frangiSvilis da-

badebis 80 wlisTavisadmi, moxsenebaTa krebuli, Tbilisi, 2010 w. 

publikaciebi. disertaciis Temis mimarTulebiT 

gamoqveynebulia eqvsi naSromi ses-is mier rekomendebul 

samecniero JurnalebSi. 

  

namuSevris Sinaarsi 

SesavalSi dasabuTebulia problemis aqtualoba da 

gamaxvilebulia yuradReba imaze, rom rTuli teqnikuri 

sistemebis efeqtianobis erT_erTi ZiriTadi maxasiaTebelia 

saimedooba. gansazRvrulia samuSaos mizani, kvlevis meTodebi da 

Sedegebis  praqtikuli Rirebulebebi. 

pirvel TavSi ganxilulia rTuli teqnikuri sistemebis 

saimedobis maCveneblebis SerCevis sakiTxebi, rodesac sistemaSi 

mimdinare amocanebi mtyunebebis gamo eqvemdebareba damaxinjebebs.  

aRniSnulia, rom saimedobis im maxasiaTeblebis gamoyeneba, 

romlebic vargisia martivi nakeTobebisaTvis mizanSeuwonelia 

rTuli sistemebisaTvis.  iTvleba, rom martiv nakeTobebSi 

yoveli elementis mtyuneba iwvevs nakeTobis mtyunebas, rTul 

sistemebSi  es ar dasturdeba, ramdenadac sistemebs gaaCniaT 

funqcionaluri siWarbe da  SesaZlebelia garkveuli 

danakargebiT, magram amocanis bolomde Sesruleba. amitom 

funqcionalurad rTuli sistemebisaTvis mtyunebis cnebis 

Camoyalibeba Cveulebrivi gagebiT SeuZlebelia. 

magram, am cnebis gareSec sistemis saimedobis Sefaseba 

SeuZlebelia. amitom yovel konkretul SemTxvevaSi unda 

ganisazRvros Tu ra igulisxmeba mtyunebis qveS. 
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iTvleba, rom muSaobis xarisxis yvelaze mizanSewonil da 

zogad kriteriumad, romelic moicavs saimedobasac, unda iyos 

sistemis efeqtianoba. 

rogorc aRniSnulia literaturaSi, sainJinro formulebi 

efeqtianobis SefasebisaTvis sakmaod rTulia da Znelad 

gamosayenebeli. amitom, Sefasebebi ZiriTadad warmoebs ucabedi 

mtyunebebis intensivobebis (λ_maxasiaTeblebis) gasaSualebuli 

sidideebis safuZvelze. 

saWiroa, sawyisi momentidan damproeqtebelma sistemis 

saimedobis maCveneblebi ise gadaanawilos qvesistemebis, kvanZebis 

da elementebis saimedobaze, rom dakmayofildes damkveTis 

moTxovnebi, amasTan minimaluri danaxarjebiT.  

am moTxovnebis dasakmayofileblad mizanSewonilia da bevr 

SemTxvevaSi aucilebeli analizuri modelebis gamoyeneba. 

amasTan, mxolod ucabedi mtyunebebis modelebic ki iZlevian imis 

mtkicebis saSualebas, rom sistemis efeqtianoba ar iqneba 

mocemulze naklebi.  

rogorc aRniSnuli iyo, yvelaze srulyofilad sistemis 

saimedobas asaxavs funqcionaluri saimedoba, rac gamoixateba 

aparaturul-programuli kompleqsis mier amocanaTa koreqtuli 

Sesrulebis albaTobaSi. amitom, mizanSewonilia namuSevris an 

misi nawilebis Sesrulebis drois SeTanxmeba aparaturis 

umtyuno muSaobis saSualo drosTan. 

damaxinjebuli namuSevris an misi fragmentis gameorebiTi 

Sesruleba danakargebis gareSe SeiZleba im SemTxvevaSi Tu 

arsebobs drois raime maragi(siWarbe), romelic warmoadgens 

sxvaobas operatiul (direqtiul) dros _ t da amocanis 

Sesrulebis minimalurad saWiro dros ta -s Soris _  t - ta > 0. 

droiTi rezervebis mqone sistemebisaTvis mtyuneba dgeba 

maSin, rodesac drois danakargebi namuSevris aRdgenaze aWarbebs 

drois marags. 
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mocemul sadisertacio naSromSi ganxilulia ramdenime 

modeli, romlebic iZlevian sistemis funqcionaluri saimedobis 

Sefasebis saSualebas sxvadasxva xasiaTis  mtyunebebis pirobebSi. 

meore TavSi dasabuTebulia, rom struqturuli rezervirebis 

gamoyeneba dakavSirebulia rTuli teqnikuri obieqtebis 

mmarTveli sistemebis sinTezis ZiriTad meTodebTan: variantuli 

_  saukeTeso variantis arCeva efeqtianobis ganzogadoebuli 

maCveneblis mixedviT, an kerZo maCveneblebis mixedviT, rodesac 

saWiro xdeba gadawyvetilebaTa miRebis mravalkriteriuli 

modelis ageba da misi gamokvleva. 

struqturuli rezervireb, rogorc struqturuli marTvis 

organizacia saWiroebs Semdegi funqciebis ganxorcielebas. 

teqnikuri diagnostikis funqcia _ es aris struqturuli 

marTvis konturis informaciuli funqcia da is moicavs: obieqtis 

teqnikuri mdgomareobis dadgenas, mdgomareobis cvlilebis 

adgilis lokalizacia, cvlilebis saxeobisa da siRrmis 

Sefaseba. 

 obieqtis struqturis rekonfiguraciis funqcia, rac moicavs: 

teqnikuri mdgomareobis Sefasebas, obieqtis dasaSvebi 

struqturis saukeTeso variantis arCevas, sistemis 

rekonfiguracias da Sedegebis kontrols. 

avariuli dacvis funqcia moicavs: obieqtis mtyunebis 

Sefasebas, avariuli mtyunebisas _ misi arealis lokalizacias, 

sistemis gadayvanas SesaZlebel qmedunarian mdgomareobaSi an 

mtyunebul mdgomareobaSi. 

rezervebis marTvis funqcia, rac moicavs: sarezervo 

elementebis SerCevas, maT CarTvas, darezervebis Sedegebis 

kontrols. 

teqnikuri momsaxurebis  funqcia teqnikuri momsaxurebis 

profilaqtikuri samuSaoebisa da remontis Catarebas, 

samuSaoebis Sedegebis kontrols. 

struqturis SeSfoTebebi axasiaTebs rogorc marTvis 

obieqts, aseve marTvis konturebis aparaturul da programul 
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saSualebebs, amitom mizanSewonilia isini ganxilul iqnas 

erTianad, rogorc struqturuli marTvis obieqti, xolo 

obieqtis saimedoobis uzrunvelyofis RonisZiebaTa erToblioba, 

Camoyalibdes rogorc struqturuli marTvis amocana. 

miTiTebulia, rom marTvis Calagebuli struqturebis 

gamoyeneba zrdis sistemis saimedoobas,  Calagebis siRrme 

SezRudulia teqnikuri da ekonomikuri mizanSewonilobiT. 

amasTan, arsebiTad mniSvnelovania struqturuli marTvis 

konturebs Soris urTierTqmedebis organizacia. 

sistemebis funqcionirebis xarisxi da saimedooba, rogorc 

aRiarebulia, 70-80%-iT ganisazRvreba, daproeqtebis stadiaze. 

saproeqto gadawyvetilebis xarisxis maCvenebeli uwodeben 

efeqtianobis maCvenebels da daukavSirebulia cvladebTan: 

teqnikuri parametrebi (funqciaTa x1 veqtori), eqspluataciis 

pirobebi (funqciaTa x2 veqtori), saimedoobis maCvenebeli R da t 

droz (kalendaruli an samuSao dro). Aqidan  gamomdinare 

analizuri daproeqtebis amocana SeiZleba ase Camoyalibdes: 

                 E[F( 1x , 2x , R, t)] → max   ( 1x , 2x ) ∈Q, 

sadac dasmulia efeqtianobis F maCveneblis maqsimizaciis 

amocana, E aris maTematikuri molodinis simbolo. 

Gganxilulia rTuli sistemis ZiriTadi da damxmare 

mowyobilobaTa saimedoobis Tanafardobis dadgenis sakiTxi. 

naCvenebia, rom marTvis obieqtis mocemuli saimedoobis 

pirobebSi mmarTveli sistemis saimedoobis gazrda efeqturia 

mxolod garkveul zRvramde(aris Sesabamisi grafiki). 

miTiTebulia, rom saimedoobis tradiciuli maCveneblebis 

garda(mtyunebamde saSualo namuSevari, mzadyofnis koeficienti 

da sxva) mniSvnelovania iseTi integraluri maCveneblis Semotana, 

rogoricaa saimedoobis gavlena sistemebis funqcionirebis 

xarisxze da efeqtianobaze. 

Qqseluri sistemebisaTvis gamoiyeneba sami maxasiaTebeli: 

pirveli momsaxurebis xarisxis daqveiTeba qselSi; meore - 
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muSaobisuunaro periodis xangrZlivoba (mocdena); mesame - 

mtyunebis gavlenis masStabebi qselSi. amaTgan, yvelaze 

mtkivneulia  mocdenis dro, romlis mniSvneloba garkveuli 

donis Semdeg miuRebelia. 

 amgvarad, cxadi xdeba mtyunebuli teqnikuri sistemebis  

da maTi komponentebis mocdenis xangrZlivobis zusti albaTuri 

analizis aqtualoba. 

qvemoT ganxilul modelebSi kvlevis obieqtad 

gamoyenebulia kompiuteruli sistemebi, magram modelebi 

gamosadegia nebismieri nakeTobebisaTvis. 

modeli 1. ganvixilulia  sistema, romelic Sedgeba: ori 

elementisgan - ZiriTadi da sarezervo; aRdgenis organo, 

romelic agreTve warmoadgens sarezervo elementis gadamrTvels; 

organizebulia ZiriTadi elementis muSaobisunarianobis uwyveti, 

idealuri kontroli, romelic myisierad aRmoaCens mis mtyunebas. 

ZiriTadi elementis mtyunebis Semdeg mis adgilze CairTveba 

sarezervo, Tu is am momentSi imyofeba gadarTvis mzdyofnis 

mdgomareobaSi (mdgomareba I), mtyunebuli ki gadaicema aRdgenaze. 

Tu, sarezervo ar imyofeba gadarTvis mzadyofnis 

mdgomareobaSi (mdgomareoba II), maSin es ukanaskneli gadairTveba 

I mdgomareobaSi gadasvlis Semdeg. sistemis mtyuneba dgeba 

ZiriTadi elementis mtyunebis dros. davarqvaT pirvel tips 

mtyuneba imisa, romelic warmoiqmneba sarezervo elementis I 

mdgomareobis dros. analogiurad Seitaneba meore tipis 

mtyunebis cneba. 

sistemis mdgomareobas mtyunebis momentidan sarezervo 

elementis ZiriTadis adgilze CarTvamde, davarqvaT sistemis 

mocdena. 

SemovitanoT aRniSvnebi: - umtyuno muSobis xangrZlivoba 

(namuSevari) pirvel mtyunebamde - ZiriTadi elementisaTvis 

 da sarezervo elementisaTvis .  
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  - analogiuri sidideebi, dawyebuli pirveli 

aRdgenidan 

 

 

dawerili niSnavs, rom yvela, dawyebuli  -dan, gaaCniaT 

erTnairi ganawileba yoveli   da -Tvis, e.i. mxolod 

pirveli namuSevrebi  da , rogorc ZiriTadi ise sarezervo 

elementebisaTvis, gansxvavdeba yvela Semdgomi namuSevrebisagan 

albaTuri TvalsazrisiT. 

 -uri elementis  aRdgenis xangrZlivobaa -uri 

mtyunebis Semdeg. 

 

e.i. aRdgenis yvela xangrZlivobebi, rogorc ZiriTadi ise 

sarezervo elementisaTvis, erTobliobaSi gaaCniaT erTnairi 

ganawileba. 

 - Semdegi movlenis albaTobaa:   { τ sigrZis droiTi 

monakveTis bolos sarezervo elementi mzadaa gadarTvisaTvis; am 

monakveTis dasawyisSi - , daiwyo misi namuSevari  , an 

aRdgena }.  

  - Semdegi movlenis albaTobaa:  { τ 

sigrZis droiTi monakveTis boloSi sarezervo elementi ar aris 

gadarTvis mzadyofnis mdgomareobaSi; misi am mdgomareobaSi 

moyvanis dro  moTavsebulia . 

yoveli -uri regeneraciuli cikli warmoadgens ori 

SemTxveviTi sididis jams:   , sadac  ,  xolo  

aRniSnavs sistemis -uri mocdenis SemTxveviT xangrZlivobas. 

regeneraciis yovel cikls, pirvelis garda, gaaCnia erTnairi 

ganawileba. 
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regeneraciis am ciklebs (e.i. dawyebuli meoredan) da 

sistemis mocdenis xangZlivobas aseT ciklebSi davarqvaT 

tipiuri. 

naSromis CarCoebSi  ganawileba cnobilia. isaxeba 

mizani: ganisazRvros  da  SemTxveviTi sidideebis 

ganawilebis funqcia.  

mocdenis xangrZlivoba damokidebulia sarezervo elementis 

mdgomareobaze ZiriTadis mtyunebis momentSi da sarezervo 

elementis mdgomareobaze ciklis dasawyisiSi. aRvniSnoT   

ganawilebis pirobiTi funqcia SemdegiT: 

 

Tu regeneraciis ciklis dasawyisi emTxveva ZiriTadi 

elementis namuSevris dasawyiis, maSin  ,  sxvagvarad . 

daviwyoT  gansazRvra.  

debuleba 1. funqcia  gamoisaxeba Semdegi wesiT 

    (1) 

damtkiceba: (1) formula miRireba Semdegi albaTuri 

TvalsazrisiT: Tu ZiriTadi elementis mtyunebis momentSi  

sarezervo muSaobisunariania – movlena  (albaTobaa ), 

mocdenis dro emTxveva sarezervos gadarTvis dros (ganawilebis 

funqciiT ). Semdeg, Tu ZiriTadi elementis mtyunebis 

momentSi  sarezervo ar aris mzad da aseT mzadyofnamde 

darCenil drois xangrZlivoba aris  -es  

movlenaa (albaTobaa ), maSin pirobiTi 

ganawilebis funqcia tolia (sizustiT ): 

 

 cvladis yvela mniSvnelobebis gaTvaliswinebiT gveqneba: 
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            (8) 

es ukanaskneli warmoadgens  (dublirebuli sistemis 

mocdena) ganawilebis pirobiT funqcias. II tipis mtyuneba Semdeg  

mocdenis dro warmoadgens jams darCenili droisa (I 

mdgomareobaSi moxvedramde)  da Semdgomi gadarTvisa. 

albaToba movlenisa  tolia (2), romelic warmoadgens 

(1) marjvena mxaris meore wevrs. 

debuleba damtkicebulia. 

Sedegad vRebulobT dublirebulis sistemis mocdenis 

xangrZlivobis upirobo ganawilebis funqcias  

       (3) 

rogorc (1)-dan Cans ganawilebis funqciebi (pirobiTi da 

upirobo) damokidebulia  da  gamosaxulebebze, 

romlebic ganisazRvrebian sarezervo elementis 

muSaobisunarianobis kontrolis da diagnostikis 

TaviseburebebiT.   

modeli 2. mraval SemTxvevaSi gasammagebuli sistemis 

funqcionirebis procesi mimdinareons Semdegi saxiT. 

sistemaSi arsebobs aRmdgeni (gadamrTveli) organo (ao). 

ZiriTadis mtyunebis SemTxvevaSi mis adgilze gadairTveba erT-

erTi muSaobisunariani sarezervo elementi, Tu orive elementi 

muSaobisunariania. Tu ZiriTadis mtyunebis dros orive 

sarezervo elementi muSaobisuunaroa, maSin erT-erTis aRdgenis 

Semdeg is gadairTveba ZiriTadis adgilze. 

im SemTxvevaSi, rodesac ZiriTadis mtyunebis momentSi erT-

erTi sarezervo elementi muSaobisunariania, xolo meore 

aRdgenaSia, maSin jer mTavrdeba aRdgena, xolo Semdeg xdeba 

misi gadarTva ZiriTadis adgilze. 

 13



sistemaSi roganizebulia rogorc ZiriTadi, ise sarezervo 

elementebis muSaobisunarianobis uwyveti, idealuri controli. 

amrigad, ZiriTadi elementis mtyunebis momentSi sarezervo 

elementebis qvesistema SeiZleba iyos Semdeg mdgomareobebSi: 

pirveli - orive elementi muSaobisunariania; 

meore - erTi elementi muSaobisunariania, meore aRdgenaSi; 

mesame - orive elementi muSaobis uunaroa, erT-erTi 

aRdgenaSia. 

ZiriTadi elementis mtyunebis Semdeg dgeba sistemis 

mtyuneba. sarzervo elementebis qvesistemis mdgomareobebze 

damokidebulebiT, Sesabamisad gaveqneba I, II da II tipis 

mtyunebebi. 

 mocdenebic iyofa sam tipad. I tipis mocdenis xangrZlivoba 

emTxveva sarezervo elementis gadarTvis xangrZlivobas. 

mocdenis damTavrebis Semdeg, sarezervo elementebis qvesistema 

imyofeba meore mdgomareobaSi da mtyunebuli elementis aRdgena 

iwyeba. II tipis mocdenis xangrZlivoba warmoadgens ori 

SemTxveviTi sididis jams: aRdgenis darCenili drois da 

Semdgomi gadarTvis dros. igive exeba III tipis mocdenas. 

orive SemTxvevaSi erTi muSaobisuunaro elementis aRdgena 

mxolod iwyeba. 

gasammagebuli sistemis funqcionirebis procesi aRiwereba 

ciklebis mimdevrobiT , sadac  sistemis 

umtyuno muSaobis xangrZlivobaa, xolo  mocdenis 

xangrZlivoba. 

amasTan  erTanairad ganawilebuli SemTxveviTi 

sidideebia da isini emTxvevian ZiriTadi elementis umtyuno 

muSaobis SemTxveviT xangrZlivobas. 

rac Seexeba  , isini damokidebulia, rogorc ciklis 

sawyis mdgomareobaze (muSaobisuunaro sarezervo elementebis 

raodenoba), aseve   sidideze. 

 14



aRvniSnoT mocdenis xangrZlivobis  pirobiTi ganawilebis 

funqcia  SemdegiT  ciklis dasawyisSi 

sarezervo elementebi imyofeba  mdgomareobaSi . maT 

vuwodoT  saxis  ciklebi. 

yvela cikli SesaZlebelia pirvelis garda da iqneba `0~ an 

`1~ saxis. davarqvaT maT tipiuri ciklebi. 

amrigad, `0~ saxis cikli iwyeba ori muSaobisuuunaro 

sarezervo elemenetidan erT-erTis aRdgeniT, xolo `1~ tipis 

cikli - erTi muSaobisuunaro elementis aRdgeniT. 

SemovitanoT aRniSvna:  - -uri umtyuno muSaobis 

xangrZlivoba  ZiriTadi  da saerezervo elementebisaTvis 

 

 

 -  -uri elementis  -uri aRdgenis xangrZlivoba 

 

igulisxmeba, rom  

  

ZiriTadi da sarezervo elementebi amtyuneben intensivobiT 

 da . 

  -   -uri gadarTvis xangrZlivoba. 

 
 drois momentSi sarezervo elementebi imyofeba 0 

mdgomareobaSi. momentSi is imyofeboda  mdgomareobaSi } 

 

 drois momentSi sarezervo elementebis 

qvesistema imyofeba  mdgomareobaSi. erTi elementi aRdgenaSia: 

 15



aRdgenis darCenili dro . drois momentSi is 

imyofeboda  mdgomareobaSi } . 

mocdenis ori tipis xangrZlivobebis ganawilebis saZiebo 

funqciisaTvis vRebulobT Semdeg gamosaxulebas 

[ ] dvvqvq
t
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volteris II tipis integraluri gantolebebi 
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(6) da (7) sistemebSi  cvladiT (operaciuli cvladi ) 

laplasis gardqmnaze gadasvlis Semdeg vRebulobT  
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  (8) 

laplasis gamosaxuleba aRniSnulia xaziT originalis 

simbolos Tavze. 

 

[ ]
[ ]

⎪
⎪
⎪
⎪
⎪
⎪

⎭

⎪
⎪
⎪
⎪
⎪
⎪

⎬

⎫

⎥⎦
⎤

⎢⎣
⎡

⎥⎦
⎤

⎢⎣
⎡

⋅+∫−=

⋅=

+−+⋅+=

+−+

+⋅++∫
+−−++=

⋅
+

=

⋅
+

=

),(12)(
0

)()(),(22

),(11)(),(21

),(12)()(),(02)(),(12

),(11)()(

),(01)(
0

)()()()(),(11

),(122
2

),(02

),(112
2

),(01

uqg
u

dxxguegueuq

uqquq
uqgguqguq

uqgg

uqg
u

dvvgvegeuq

uquq

uquq

ωωωωωω

ωωω
ωβωωωβωω

ωβωω

ωβωβωβωβωω

ω
βω

β
ω

ω
βω

β
ω

      

(9) 

 (9)-Si laplasis ormag igardaqmna cvladiT u (operaciuli 

cvladi S) (8) da (9)-dan miviRebT algebrul gantolebaTa 

sistemas  da mimarT. am sistemis , 

, ,  ,  da  mimarT amonaxsnis 

Casma (5)-Si  iZleva dasmuli amocanis amoxsnas. 

modeli 3. Aaq aRwerilia arasruli funqcionaluri 

rezervirebis amocana. rTuli teqnikuri da teqnologiuri 

obieqtebis mmarTvel-gamomTvleli sistemebis erT-erT 

mniSvnelovan maxasiaTebels warmoadgens saimedooba. sistemebis 

birTvs warmoadgens mmarTveli gamoTvleli manqana (mgm), 

romelic axdens obieqtis optimaluri marTvis algoriTmis 

realizacias.  

rTuli obieqtebis kontrolisa da marTvis sistemebi, 

rogorc wesi, igeba ierarqiuli wesiT. marTvis obieqti iyofa 
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calkeul nawilebad, romelTac gaaCniaT kontrolis, 

regulirebis da marTvis lokaluri saSualebebi da Sedian zeda 

qvesistemaSi, rogorc qvesistema. isini axorcieleben marTvis 

lokalur miznobriv funqciebs_SeinarCunon saregulirebeli 

parametebis mniSvnelobebi dadgenil zRvrebSi.  

ierarqiis ukanasknel zeda safexurze dgas mgm. rogorc 

wesi, amave doneze funqcionirebs centralizebuli kontrolis 

da operatiuli marTvis sistema (ckoms), romelic adamian-

operators saSualebas aZlevs  akontrolos obieqtis 

mdgomareoba da saWiro SemTxvevaSi Caerios marTvis procesSi.  

sistemebis saimedoobis amaRlebis erT-erT efeqtur 

saSualebas warmoadgens struqturuli rezervireba, romelmac 

SeiZleba moicvas rogorc mTeli sistema, aseve, misi nawilebi. 

magram, struqturuli rezervireba dakavSirebulia ekonomikur 

danaxarjebTan, romelic imdenad didia, ramdenadac rTulia 

marTvis sistema, ramdenad mravalricxovania darezervirebuli 

nawilebi, ramdenad didia rezervirebis jeradoba. 

rTul sistemebSi calkeuli mtyunebebebi ar iwveven 

mTlianad sistemis mtyunebas, aramed aqveiTebs mis efeqtianobas. 

garkveuli raodenobis erTdrouli mtyunebebis dros 

SesaZlebelia ZiriTadi sistemis mtyuneba da marTva gadaecema, 

kontrolisa da marTvis lokaluri saSualebebs. am momentidan 

globaluri marTvaSi erTveba ckoms, romelic, SezRudul 

sazRvrebSi, magram asrulebs am funqciebs mgm-is aRdgenamde. 

qvemoT mocemulia sistemis gamartivebuli struqturuli 

sqema. 
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ckoms 

kmls 

mms

mo 

. . . .

. . . .

okm 



 
 
igulisxmeba, rom ckoms-i Tavis funqciebs axorcielebs 

obieqtTan kavSiris im mowyobilobebiT, romlebic gamoiyeneboda 

mgm-is mier. 

obieqtTan kavSiris mowyobilobebs (okm) gaaCniaT 

saSualebebi obieqtidan aiRon samarTavi parametrebis mimdinare 

mniSvnelobebi da gadascen is mgm-s, xolo mgm-dan miiRon 

mmarTveli monacemebi da gadascen is Semsrulebel meqnizmebs. 

kontrolisa da marTvis lokaluri sistemebis (kmls) 

funqciaa SeinarCunon samarTavi obieqtis parametrebis 

mniSvnelobebi dasaSveb sazRvrebSi. 

namuSevar [1]-Si damuSavebulia maTematikuri modelebi 

mmarTveli sistemis umtyuno muSaobis albaTobis da umtyuno 

muSaobis saSualo drois gaTvlisaTvis. 

namuSevarSi iTvleba, rom rogorc ufro rTul mowyo-

bilobebSi, mgm-Si mtyunebis albaToba metia, vidre ckoms-Si. 

modelSi iTvleba, rom pirvelad amtyunebs mgm, xolo mis 

aRdgenamde marTvas axorcielebs ckoms. aRdgenis Semdeg marTva 

ubrundeba mgm-s. Tu mgm-is aRdgenamde amtyuna ckoms-ma, maSin 

amtyunebs centralizebuli marTvis sistema mTlianad. 

Semotanilia Semdegi cvladebi: 

 - mgm-is umtyuno muSaobis dro; 

 - ckoms-is umtyuno muSaobis dro; 

 - mgm-is aRdgenis dro; 

Semotanilia  Semdegi funqciebi: 

 - sistemis umtyuno muSaobis albaToba  drois 

ganmavlobaSi; 

- sistemis pirveli sruli mtyunebis drois ganawilebis 

funqciaa; 

 

- drois ganawileba mgm-is mtyunebamde; 

- drois ganawileba ckoms-is mtyunebamde; 
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- ardgenis drois ganawileba. 

 imis albaToba, rom sistema imuSavebs umtyunod x drois 

ganmavlobaSi, im pirobiT, rom sawyis momentSi amtyunebs 

`ZiriTadi~ manqana -mgm. 

gansaxilvel procesSi regeneraciis wertilebis arseboba 

saSualebas iZleva SevadginoT Semdegi integraluri 

gantolebebi:  

     (10) 

   (11) 

laplasis cnobili gardaqmniT miiReba:  

                                            (12)  

                     (13) 

   

 rigi gardaqmnebis Semdeg miiviReba: 

        (14) 

Es aris sistemis `sicocxlis~ drois albaTobis funqcia 

laplasis formaSi. 

aRvniSnoT -iT mtyunebamde drois saSualo mniSvneloba. 

ramdenadac cnobilia 

 

me-(14)-e gamosaxulebis gaTvaliswinebiT vRebulobT: 

       (15) 

imis gamo, rom mtyunebebi mgm-Si da ckoms-Si dgeba maTi 

komponentebis mravlobiTi mtyunebebis dros da Sesabamisad, 

aRdgena Sedgeba mravalfazuri moqmedebebisagan, mizanSewonilia 

mtyunebebis  da aRdgenebis dro CavTvaloT erlangis kanoniT 

ganawilebulad. ganawilebis funqciebisaTvis gavqvs: 
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sadac,  -mgm-Si erTdroulad momxdari mtyunebebis raodenobaa; 

 
sadac,  - ckoms-Si erTdroulad momxdari mtyunebebis raodeno-

baa; 

 
sadac,  -mgm-is  aRdgenis fazebis raodenobaa. Sesabamisad 

gvaqvs: 

 ,  ,  

 
am gamosaxulebebis (12) da (13) formulebSi gamoyeneba 

gvaZlevs: 

    ,

  

 

 
formulebSi ,  , ,  konkretuli mniSvnelobe-

bis Casma da (15)-Si gamoyeneba iZleva sistemis mtyunebamde namuSe-

var saSualo dros. 

ramdenadac, aRdgenis dro aRwerili sistemebisaTvis 

kritikulia, mizanSewonilia gaviTvaloT sistemis  droSi 
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normaluri funqcionirebis albaToba, romelSic 

gaTvaliswinebulia sistemis aRdgenaze drois danaxarji misi 

sruli mtyunebis Semdeg [4]. 

  
sadac,  sistemis normaluri funqcionirebis albaTobaa,. 

 
mzadyofnis koeficientia,  sistemis mocdenis droa. 

uwyveti procesebis mmarTveli sistemebisaTvis: , 

sadac  sistemis muSaobis kalendaruli droa. maSin 

   
 Mmesame TavSi mocemulia mravalprocesorian 

(mravalmanqanian) gamoTvliT sistemebSi (mpgs, mmgs) amocanis 

Sesrulebis albaTobis Sefasebis modelebi droiTi rezervirebis 

gaTvaliswinebiT. 

 analogiurad erTmanqaniani sistemebisa, mpgs_Si da mmgs_Si 

amocanis Sesrulebis albaToba aRiwereba funqcia 

saSualebiT. ganvsazRvroT )(uijΦ ijΦ  funqcia zogierTi 

praqtikulad mniSvnelovani modelebisaTvis. 

modeli 1. ganxilulia SemTxveva, rodesac ori identuri 

mowyobiloba paralelurad amuSavebs erT amocanas. mdgradi da 

TviTmocilebadi mtyunebebis intensivobebi Sesabamisad udris α 

da β. mdgradi mtyunebebi aRmoCndeba uwyveti operatiuli 

kontrolis mier myiseulad, misi warmoSobis momentSi da 

mowyobiloba gadaicema aRdgenaze; xelSeSlis Secdomebi 

aRmoCndeba ori mowyobilobis namuSevris SedarebiT da 

gansxvavebis aRmoCenis SemTxveveaSi amocana (an misi etapi) 

sruldeba ganmeorebiT; drois simciris gamo mtyunebebi da 

xelSeSlebi kontolis dros ar warmoiSveba; yoveli amocanis 

(etapis) amoxsnis dro mudmivia da ganawilebulia funqciiT: 
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aRvniSnoT kontrolis da aRdgenis drois ganawilebis 

funqciebi Sesabamisad V(t)  da G(t). 

radganac Sedegis sarwmunooba dasturdeba wesiT `2-dan 2~, 

amitom, ganvsazRvroT mxolod albaToba Ф22(t): 

∫ ∫∫
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aq,  ganawilebis funqciaaimisa, rom v drois ganmavlobaSi 

orive mowyobiloba iqneba muSaobisunariani da is ganisazRvreba  

)(12 vG

gantolebaTa Semdegi sistemidan: 
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viyenebT (16) da (17) mimarT laplasi-stiltesis gadaqmnas, 

vRebulobT: 
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•

•
; 

τsesf −=)( . 

(18) da (19) gardaqmnebis Semdeg 

vRebulobT:
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modeli 2. erTgvarovani mpgs, romelic Sedgeba m ZiriTadi 

da n-m sarezervo mowyobilobebisagan asrulebs ucvleli E 

moculobis amocanas. davaleba nawildeba yvela ZiriTad 

mowyobilobas Soris; mpgs-is yvela (erTgvarovani) mowyobiloba 

urTierTSecvladia da amuSaveben amocanas urTierTdaxmarebis 

reJimSi; umtyuno muSaobis pirobebSi amocana SeiZleba 

Seasrulos erTma mowyobilobam CE /=aτ drois ganmavlobaSi, 

xolo i mowyobilobam ).())(/( ififCEu ⋅=⋅= aτ . aq, C _ mpgs-is 

yoveli mowyobilobis warmadobaa; ))(1)(( iifif ≤≤ ganisazRvreba 

aparaturuli da droiTi resursebis danaxarjiT kompleqsuri 

muSaobis ganxorcielebisaTvis  ),1( mii = muSaobisunariani 

mowyobilobebis mier; muSa mowyobilobebis mtyunebis 

intensivobaa 1β , xolo rezervebis 2β ; aRdgenis dro SemTxveviTia 

da ganawilebulia maCvenebliani kanoniT, intensivobiT 1μ ; 

calkeuli mowyobilobebis mtyuneba ar aufasurebs ukve 

Sesulebul namuSevars; mpgs rekonfiguraciis dro (i 

mdgomareobidan j_Si gadasvla)SemTxveviTi sididea da 

ganawilebulia raRac funqciiT (sistemis mdgomareobaTa 

Secvla xorcieldeba centraluri mmarTveli programis mier, 

romelic saWiroebis SemTxvevaSi gadaanawilebs darCenil 

samuSaos muSaobisunarian mowyobilobebs Soris). sistemis 

muSaobis danarCeni muSa pirobebi emTxveva aramuSa mdgomareobis 

pirobebs. aRvniSnoT 

)(vGij

),( xtijΦ albaToba imisa, rom amocanis 

Sesruleba damTavrdeba t-ze nakleb droSi mpgs-is j-uri 

mdgomareobis pirobebSi, im pirobiT, rom t=0 momentSi sistema 

imyofeboda i-ur mgdomareobaSi da amocanis damTavrebisaTvis 

saWiro iyo xy −= aτ  dro, Tu muSaobisunarian mdgomareobaSi 
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iqneboda erTi mowyobiloba (e. i. samuSao gadaTvlilia erT 

mowyobilobaze). 

cxadia, rom  )0,()( tt ijij Φ=Φ  

gansaxilveli modelisaTvis ),( xtijΦ funqciebi, roca  
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2≥n ),1( nm =  ni ,2= ,  ganisazRvreba Semdegi gantolebebiT: 
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0 )1( μδ
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sawyis da sasazRvro pirobebs aqvs saxe: 
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magaliTisaTvis ganvmartoT ),( xtijΦ , roca da . mi > ni ≠

pirveli wevri es aris erToblivi albaToba imisa, rom 

amocana damTavrdeba drois intervalSi ),( duuu + , Tu is daiwyeba 

t=0 momentSi, i muSaobisunariani m ZiriTadi da i-m sarezervo 

mowyobilobebis pirobebSi, amasTan u drois ganmavlobaSi 
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arcerTi ar amtyunebs da ar damTavrdeba arcerTi n-i mtyunebuli 

mowyobilobis aRdgena. 

meore wevri albaTobaa imisa, rom drois ),( duuu + , 

intervalSi damTavrdeba n-i-dan erT-erTi t=0 momentSi mtyunebaSi 

myofi mowyobilobis aRdgena; u drois ganmavlobaSi ar 

damTavrdeba amocanis gadawyveta da ar amtyunebs arc ZiriTadi 

da arc sarezervo mowyobilobebi; rekonfiguraciisaTvis 

daixarjeba υ dro; amocanas daamTavrebs sistema j-r 

mdgomareobaSi, t-u-υ droSi, Tu sistema iyo t=u+υ momentSi i+1 

mdgomareobaSi da samuSaos damTavrebas Wirdeboda erTi 

mowyobilobis uwyveti muSaoba mux −−aτ dro. 

mesame wevri, es aris albaToba imisa, rom drois ),( duuu +  

intervalSi amtyunebs erT-erTi ZiriTadi an sarezervo 

mowyobiloba, u droSi ar damTavrdeba amocanis gadawyveta da 

t=0 momentSi mtyunebaSi myofi mowyobilobis aRdgena; 

rekonfiguracias dasWirda υ dro; amocanis gadawyveta 

damTavrdeba j mdgomareobaSi myofi sistemis mier t-u-υ droSi, Tu 

sistema t=u+υ momentSi imyofeboda i+1 mdgomareobaSi da samuSaos 

damTavrebas sWirdeba erTi mowyobilobis uwyveti muSaoba t-x-mu 

drois ganmavlobaSi. 

aRvniSnoT: 

),()(),( xtxFxt ijij Φ=Ψ ( ))()0,( tt ijij Φ=Ψ  ; ),(),( xtxs ijij Ψ=
•

•
ψ ;  )()( tGsg ij ′=

•

•
. 

Sesabamisad:   0),0( =Ψ xij ,  ),1,( njix =≠  aτ ; 

⎩
⎨
⎧

>
=

=Ψ
a

a

  0,

  

roca

roca

τ
τδ

x
xij

ij

,
      ( nji ,1, = ) 

formulebis (20) da (21)-is mimarT laplasi-stiltesis 

gardaqmnis gamoyenebiT da Semdgomi gardaqmnebiT vRebulobT: 
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x

iiiiiiji
x
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∫
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xs
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ij
ij ),( ,      nji ,1, =  

radganac funqcia ),( xsijψ , aτ≤≤ x0  intervalSi uwyvetad 

diferencirebadia, (22) da (23) gantolebebis gadiferencirebiT x-

iT  vRebulobT meore rigis sxvaobiT, erTgvarovan 

diferencialur gantolebaTa sistemas mudmivi koeficientebiT: 

0),(]/)([),(
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0
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×−++−′
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xsnsgCxs
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0),()(),(]/)()/()([(),( 212111
0
110111 =+⋅+−++′ xssgxsnCsssgxs jjij ψμψμμβψ , 

nj ,1=               (25) 

aRvniSnoT dro, romelic saWiroa t=0 momentSi dawyebuli 

samuSaos dasamTavreblad y-iT. SevcvaloT x (24) da (26) 

gantolebebSi y−aτ -iT da gamoviyenoT laplasis gardaqmna y 

argumentiT da imis gaTvaliswinebiT, rom sys ijij δψ =),(0 , roca y=0 

da 0),(0 =ysijψ , roca y<0, miviRebT: 
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ni ,2=  , nj ,1=  , 0),(0
,1 =+ ωψ sjn . 

0),()(),()]()/()([]),([ 2121
0
,1

0
1101111

0
1 =++−++−− ωψμωψμμβδωψω ssgsCsssgss jjjj

                       (27) 

 27



aRvniSnoT D-iT (26) da (27) gantolebebis ),( xsijψ ucnobebis 

koeficientebis kvadratuli matrica, xolo determinanti D -iT:  
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(26) da (28) sistemis amoxsniT da gardaqmnebiT vRebulobT: 
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Tu CavsvamT (29)-Si x=0, miviRebT 

)()()0,(),(0 ssss ijijijij Φ=Ψ==ψτψ a  da Sesabamisad )()( sSs ijij Φ=ϕ , riTac 

ganisazRvra saZiebeli funqciis saxe laplasur formaSi.  
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d a s k v n a 

ZiriTadi Teoriuli da praqtikuli Sedegebi 

 

 sadisertacio naSromSi miRebuli Sedegebis mimarT 

SeiZleba gakeTdes Semdegi daskvnebi: 

1. samecniero literaturis analizis safuZvelze 

naCvenebia, rom teqnikuri sistemebis saimedoobis maRali donis 

uzrunvelyofa miT ufro mniSvnelovania rac ufro rTulia 

sistema da sapasuxismgebloa gadasawyveti amocanebi.  

dasabuTebulia, rom  saimedoobis Sesabamisi done unda iyos 

gaTvaliswinebuli daproeqtebis stadiaSi. Aam dros 

mizanSewonilia analizuri modelebis gamoyeneba, ramdenadac 

isini iZlevian sistemis strategiuli maxasiaTeblebis analizis 

saSualebas.  

2. Catarebulia safuZvliani analizi struqturuli da 

droiTi rezervirebis principebis, saSualebebis  da gamoyenebis 

mizanSewonilobis  Sesaxeb.  SemuSavebulia analizuri modelebis 

agebis, ganawilebis funqciebis gamoyenebis meTodebi.  

3. SemuSavebulia analizuri modelebi struqturulad 

rezervirebuli garkveuli tipis teqnikuri sistemebis 

saimedoobis maCveneblebis gaTvlisa da SefasebisaTvis, sistemaSi 

moqmedi ucabedi da TandaTanoboTi mtyunebebis, uwyveti da 

idealuri kontrolis arsebobis pirobebisTvis. 

4. SemuSavebulia analizuri modelebi droiTi rezervis 

mqone  garkveuli tipis teqnikuri sistemebis saimedoobis 

maCveneblebis gaTvlisa da SefasebisaTvis, sistemaSi moqmedi 

ucabedi da TandaTanoboTi mtyunebebis, uwyveti da perioduli 

idealuri kontrolis arsebobis pirobebisTvis.  

5. sadisertacio naSromis Sedegebi rekomendebulia 

gamoyenebuliqnes samecniero_kvleviT da saproeqto 

organizaciebSi, raTa daproeqtebis sawyis stadiaSi SeirCes  

teqnikuri sistemis   saimedoobisa da masze  gadasawyveti 
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amocanebis  iseTi maxasiaTeblebi, romlebic uzrunvelyofen 

Sedegebis maqsimalur sarwmunoobas.   

 

The basic theoretical and practical results 

  

We can make the following conclusions about the results of dissertation: 

 1. The dissertation shows that high level of reliability of technical systems is 

very important when the system is complex and the problems are crucial. The 

dissertation substantiates that corresponding level of reliability must be foreseen at the 

stage of designing. At this time models of analysis are useful, because they enable to 

analyze the system’s strategical parameters.  

 2. The dissertation thoroughly analyzes the principles of structural and 

temporal reservation and advisability of usage of such means. Besides, the methods of 

usage of models of analysis and of distribution functions are developed.  

 3. The dissertation develops the models of analysis for prediction and 

estimation of parameters of reliability of several technical systems which are 

structurally reserved. In this case we have possibility of immediate and gradual failure 

and ideal and continuous control.  

 4. The dissertation develops the models of analysis for prediction and 

estimation of parameters of reliability of several technical systems which are 

temporally reserved. In this case we have possibility of immediate and gradual failure 

and ideal and continuous control 

 5. The results of dissertation are recommended to be used in the scientific and 

designing organizations, because the parameters of reliability of technical systems 

must be chosen at the initial stage of projection and these parameters guarantee the 

maximal trustworthiness of results.  
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