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reziume 

 
      sistemur-logistikuri organizaciis midgomis gamoyenebiT 
SemuSavebulia wyalmomaragebis moqmedi sistemebis efeqturi 
funqcionirebis uzrunvelyofis meTodologia, romelic realuri drois 
Sesabamisad wyalmomaragebis moqmedi  sistemis operatiul-sadispeCero 
marTvis procesSi mimdinare rTuli sainJinro da Znelad formalizebadi 
amocanebis kompleqsuri  gadawyvetis  saSualebas  iZleva  momxarebelTa  
mier  damyarebuli  wyliT uzrunvelyofis arastacionaluri  xasiaTis 
teqnologiuri procesis pirobebSi, kerZod: 
 
     * SemuSavebulia momxmarebelTa mier damyarebuli wyliT 
uzrunvelyofis teqnologiuri procesis cvalebadobis arastacionaluri 
xasiaTis dadgenis erTiani meTodika maTematikuri molodinis, saSualo 
kvadratuli  gadaxrisa da  korelaciuri  funqciis Sesabamisad; 
 
     * SemuSavebulia wyalmomaragebis moqmedi sistemebis efeqturi 
funqcionirebis sistemur-logistikuri organizaciis meTodologia, 
romelic saSualebas iZleva, realuri drois  Sesabamisad, agebul iqnas 
momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 
arastacionaluri xasiaTis teqnologiuri procesis operatiul-
sadispeCero marTvis gadawyvetilebebis miRebis „damxmare-mrCeveli" 
sainformacio-kompiuteruli sistema; 
 

* SemuSavebulia wyalmomaragebis moqmedi sistemebSi sainformacio-
logistikuri integrirebuli marTvis gadawyvetilebaTa miRebis 
„damxmare-mrCeveli“ sistemis agebis SesaZlebloba, romelic 
kompleqsurad  uzrunvelyofs rogorc sistemis  sameurneo-saabonento-
servisuli xasiaTis amocanebis, aseve  realuri  drois mixedviT 
mimdinare efeqtur operatiul-sadispeCero marTvis amocanis gadawyvetas 
momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 
arastacionaluri xasiaTis teqnologiuri procesis  Sesabamisad. 
 
 * miRebuli Sedegebi SeiZleba dainergos saqarTvelos qalaqebis 
wyalmomaragebis moqmed sistemebSi maTi efeqturi funqcionirebis 
uzrunvelyofis mizniT. 
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Summery 
 
       By use of logistical-system organization’s approach, is developed operational water 
supply effective functioning endure methodology, which in accordance of real time, 
operational water supply system’s operative-dispatching current management process allows 
to solute hard engineering and difficult fronted tasks based on non-stationary technology 
character water supply provided by consumer, in particular: 
 
 *There is designed consumer providing water supplytechnological process variability, 
non-stationary characters determination’s common methodology accordingly to 
mathematical expectation, mean quadratic deviation and correlation function. 
 
 *There is designed an operational water supply systems’ effective functioning 
methodology for logistical-system organization, which gives an opportunity accordance to a 
real time, provided water supply by consumer,to be built a non-stationary character technical 
process of operational-dispatching manager for decision making like - “Supporting-Advisor” 
informational-computer system .  
 
 *Informational-logistical integrated manager for decision making “Supporting-Advisor”  
system’s  built ability is also designed in an operational water supply systems, which 
providescomplex economic-subscription-service character tasks, also, according to a real 
time, current effective operational-dispatching manager task solving respectively to a 
consumer providing water supply non-stationary character technological process. 
 
 *The obtained results is possible to implement in Georgia’s cities current water supply 
systems for effective functioning purpose.  
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sistemur-logistikuri  organizaciis meTodologiuri aspeqtebi; gv. 12-16  
  

1.1 wylis miwodebisa da ganawilebis sistemis operatiul-sadispetCero 

marTva “pasiuri” da “aqtiuri eqsperimentebis” funqcionirebis procesSi. 
gv.16-17  
 
Tavi  2. momxmarebelTa  mier  damyarebuli wylismoxmarebis  procesis  
arastacionarulobis analizis erTiani  meTodika  maTematikuri  
statistikis parametruli  da  araparametruli  kriteriumebis 

gamoyenebiT. gv.19-29  
 
Tavi 3. wylis  miwodebisa  da  gadanawilebis  sistemebis rTuli  
ierarqiuli  sqemebis  funqcionirebis  xarisxis kompleqsuri  Sefaseba  

dispetCerul-koordinirebuli marTvis  procesSi; gv. 30-34  
 
3.1. wyalmomaragebis,  rogorc  teqnikuri  sistemis, operatiul-
sadispetCero  marTvis  gadawyvetilebebis miReba  aramkafio  

simravleTa  Teoriis  maTematikuri aparatis  gamoyenebiT; gv. 35-40  
 
3.2. wylis miwodebisa da gadanawilebis sistemebis rTuli ierarqiuli 
sqemebis funqcionirebis xarisxis kompleqsuri Sefaseba operatiul-
dispetCerul-koordinirebuli marTvis procesSi (operatiuli Sefasebisa 
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3.3.  wyalmomaragebis sistemebis operatiul- sadispetCero marTvis 
gadawyvetilebebis  miRebis kompiuteruli programis blok-sqemis aRwera  
momxmarebelTa  wyliT uzrunvelyofis damyarebul procesSi 

fiqsirebuli  dawnevebis  Sefasebisa da prognozirebis Sesabamisad.       
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Tavi 4. wyalmomaragebis  sistemSi,  realuri  drois Sesabamisad,  
momxmarebelTa  mier  damyarebuli  wyliT uzrunvelyofis  
arastacionaluri  xasiaTis teqnologiuri  procesis  saimedoobis  
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Sesavali da naSromis saerTo daxasiaTeba 
 

 naSromis aqtualuroba. qveynis Tanamedrove sabazro ekonomikis 

ganviTarebis pirobebSi, mimdinare etapze, Zireuli mniSvneloba unda 

daeTmos mosaxleobis komunaluri momsaxurebis uzrunvelyofis sferos 

gaumjobesebas wyalmomarageba-wyalarinebis, gazmomaragebisa da 

eleqtromomaragebis dargebSi. 

 komunaluri momsaxurebis aRniSnuli sfero wyalmomaragebis 

dargSi unda daeqvemdebaros marTvis iseT strategias, romelic 

orientirebuli iqneba sistemur-logistikuri marTvis Tanamedrove 

teqnologiebisa da meTodologiuri midgomebis gamoyenebasze. kerZod, 

aseT SemTxvevaSi wyalmomaragebis moqmedi sistemebis  efeqturi 

funqcionireba daemyareba rogorc erTiani logistikuri organizaciis 

sameurneo-saabonento-servisuli  xasiaTis amocanebis, aseve realuri 

drois Sesabamisad momxmarebelTa mier damyarebuli wyliT 

uzrunvelyofis normaluri teqnologiuri procesis SenarCunebas 

operatiul-sadispeCero marTvis pirobebSi.  

aRniSnul konteqstSi wyalmomaragebis moqmed sistemebSi sistemur-

logistikuri organizaciis meTodologiuri midgomis aspeqtebis 

gamoyeneba gamiznulia   Tavad wyalmomaragebis sistemis operatiul-

sadispetCero marTvis efeqtur organizaciasTan kompiuteris gamoyenebasa 

da momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 

teqnologiuri procesis SenarCunebisTvis, rac Sedegad,  realuri drois 

Sesabamisad, momxmarebelTa  wyliT uzrunvelyofis normaluri procesis 

msvleloba-SenarCunebis garantias iZleva. Tu gaviTvaliswinebT, rom 

momxmarebelTa mier damyarebuli wyliT uzrunvelyofis teqnologiuri 

procesi xasiaTdeba droSi cvalebadobis garkveuli 

arastacionalurobiT (maTematikuri molodinis, saSualo kvadratuli 

gadaxris, korelaciuri funqciis mimarT), maSin winamdebare disertaciis 

Sesabamisad wyalmomaragebis moqmedi sistemebis efeqturi funqcionirebis 

meTodologiis  SemuSaveba qmediT aqtualobas  iZens da mas gaaCnia  

rogorc samecniero, aseve   praqtikuli  Rirebuleba.  
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      samuSaos mizani da kvlevis amocanebi emyareba wyalmomaragebis 

moqmedi sistemebis efeqturi funqcionirebis misaRwevad dasmuli Semdegi 

sainJinro amocanebis gadawyvetas, romlebic dakavSirebulia rogorc 

sistemur-logistikuri organizaciis meTodoloiuri midgomis 

principebis, aseve efeqturi operatiul-sadespeCero marTvis 

SemuSavebasTan momxmarebelTa mier realuri drois Sesabamisad 

damyarebuli wyliT uzrunvelyofis  teqnologiuri procesis 

Sesabamisad, kerZod: 

 

* SemuSavebulia realuri drois Sesabamisad moqmedi 

wyalmomaragebis  sistemebis operatiul sadispeCero marTvis sistemuri 

meTodologia maTi efeqturi funqcionirebis mizniT da  Sesabamisad, 

sistematizebulia sainformacio (kompiuteruli)-logistikuri marTvis 

sistemis agebis SesaZlebloba; 

 

 *  dasabuTebulia  wyalmomaragebis moqmedi sistemebis operatiul-

sadispeCero marTvis sainformacio kompiuteruli  sistemis agebis 

SesaZlebloba momxmarebelTa mier damyarebuli wyliT uzrunvelyofis  

teqnologiuri procesis cvalebadobis arastacionaluri xasiaTis 

gaTvaliswinebiT; 

 

      * SemuSavebulia  realuri  drois  Sesabamisad moqmedi 

wyalmomaragebis  sistemebis momxmarebelTa mier damyarebuli wyliT  

uzrunvelyofis teqnologiuri procesis saimedoobis donis  amaRlebis  

SesaZlebloba. 

 

      mecnieruli siaxle. SemuSavebulia  wyalmomaragebis moqmedi 

sistemebis efeqturi funqcionirebis sistemur-logistikuri marTvis 

meTodologia, romlis Tanaxmad kompleqsurad ganixileba da wydeba am 

sistemebis logistikuri organizaciis sameurneo-saabonento-servisuli 

xasiaTisa da mimdinare operatiul-sadispeCerო marTvis amocanebi, 

realuri drois Sesabamisad momxmarebelTa mier damyarebuli 
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arastacionaluri wyliT uzrunvelyofis teqnologiuri procesis 

pirobebSi. 

 

      kvlevis perspeqtiuli obieqtebi: saqarTvelos qalaqebis  

wyalmomaragebis sistemebi (Tbilisi, baTumi da a.S.)  avtomatizebuli 

marTvis sistemebis funqcionirebis pirobebSi. 

 

      kvlevis meTodi. sistemur-logistikuri Teoriis meTodologia, 

deskrifciuli modelirebis meTodi, rogorc gadawyvetilebaTa miRebis 

instrumentuli saSualeba. 

 

     samuSaos praqtikuli Rirebuleba da Sedegebis realizacia. 

miRebuli Sedegebi SeiZleba perspeqtivaSi realizebul iqnas 

saqarTvelos msxvili qalaqebis wyalmomaragebis sistemebSi (Tbilisi, 

baTumi da a.S.) avtomatizebuli marTvis sistemebis funqcionirebis 

pirobebSi. 

 

      daskvna da praqtikuli rekomendaciebi. sistemur-logistikuri  

organizaciis midgomis gamoyenebiT SemuSavebulia  wyalmomaragebis 

moqmedi sistemebis efeqturi funqcionirebis uzrunvelyofis 

meTodologia, romelic realuri drois Sesabamisad wyalmomaragebis 

moqmedi  sistemis operatiul-sadispeCero marTvis procesSi mimdinare  

rTuli  sainJinro  da Znelad formalizebadi amocanebis kompleqsuri  

gadawyvetis  saSualebas  iZleva  momxarebelTa  mier  damyarebuli  

wyliT uzrunvelyofis arastacionaluri  xasiaTis teqnologiuri 

procesis pirobebSi, kerZod: 

 

     * SemuSavebulia momxmarebelTa mier damyarebuli wyliT 

uzrunvelyofis teqnologiuri procesis cvalebadobis arastacionaluri 

xasiaTis dadgenis erTiani meTodika maTematikuri molodinis, saSualo 

kvadratuli  gadaxrisa da  korelaciuri  funqciis Sesabamisad; 
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        * SemuSavebulia wyalmomaragebis moqmedi sistemebis efeqturi 

funqcionirebis sistemur-logistikuri organizaciis meTodologia, 

romelic saSualebas iZleva, realuri drois  Sesabamisad, agebul iqnas 

momxmarebelTa mier damyarebuli  wyliT uzrunvelyofis 

arastacionaluri xasiaTis teqnologiuri procesis operatiul-

sadispeCero marTvis gadawyvetilebebis miRebis „damxmare-mrCeveli" 

sainformacio-kompiuteruli sistema; 

 

* SemuSavebulia wyalmomaragebis  moqmedi sistemebSi 

sainformacio-logistikuri integrirebuli marTvis gadawyvetilebaTa 

miRebis „damxmare-mrCeveli“ sistemis agebis SesaZlebloba, romelic 

kompleqsurad  uzrunvelyofs rogorc sistemis  sameurneo-saabonento-

servisuli  xasiaTis amocanebis, aseve  realuri  drois mixedviT 

mimdinare  efeqtur  operatiul-sadispetCero marTvis  amocanis 

gadawyvetas momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 

arastacionaluri xasiaTis teqnologiuri procesis  Sesabamisad. 

 

 * miRebuli Sedegebi SeiZleba dainergos saqarTvelos qalaqebis 

wyalmomaragebis moqmed sistemebSi maTi efeqturi funqcionirebis 

uzrunvelyofis mizniT. 

 

       samuSaos aprobacia Catarda studentTa 84-e Ria saerTaSoriso 

studentTa samecniero konferenciaze  (Tbilisi, saqarTvelos teqnikuri 

universiteti 02/06/2016 w.)   
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Tavi 1. wyalmomaragebis moqmedi  sistemebis  efeqturi 
funqcionirebis sistemur-logistikuri organizaciis 
meTodologiuri  aspeqtebi 
 
 

qveynis Tanamedrove sabazro ekonomikis ganviTarebis pirobebSi, 

mimdinare etapze, Zireuli mniSvneloba unda daeTmos mosaxleobis 

komunaluri momsaxurebis uzrunvelyofis sferos gaumjobesebas 

wyalmomarageba-wyalarinebis, gazmomaragebis da eleqtromomaragebis 

dargebSi. 

komunaluri momsaxurebis aRniSnuli sfero wyalmomaragebis 

dargSi unda daeqvemdebaros marTvis iseT strategias, romelic 

orientirebuli iqneba marTvis Tanamedrove teqnologiebisa da 

midgomebis gamoyenebasTan. kerZod, aseT SemTxvevaSi wyalmomaragebis 

moqmedi sistemebis  efeqturi funqcionireba daemyareba rogorc erTiani 

logistikur organizaciis sameurneo marTvis qmediTi meqanizmebis 

gamoyenebas, aseve  momxmarebelTa mier damyarebuli wyliT 

uzrunvelyofis normaluri procesis SenarCunebas operatiul-

sadispeCerო marTvis pirobebSi realur drois Sesabamisad. aRniSnul 

konteqstSi wyalmomaragebis moqmedi sistemebis efeqturi funqcionireba 

SeiZleba miRweul iqnas  SemoTavazebuli logistikuri organizaciis 

midgomis principebis gamoyenebiT [1,2]. 

amasTan unda aRiniSnos, rom wyalmomaragebis moqmed sistemebSi   

sistemur-logistikuri organizebis meTodologiuri midgomis 

principebis gamoyeneba mimarTulia Tavad wyalmomaragebis sistemis 

operatiul-sadispeCero marTvis efeqtur organizaciasTan kompiuteris 

gamoyenebiT realuri drois Sesabamisad, rac  momxmarebelTa mier 

damyarebuli wyliT uzrunvelyofis teqnologiuri procesis 

SenarCunebis garantias iZleva. Tu gaviTvaliswinebT, rom momxmarebelTa 

mier damyarebuli wyliT uzrunvelyofis procesi xasiaTdeba droSi 

cvalebadobis garkveuli arastacionalurobiT [5]. maSin naTeli iqneba 

aRniSnuli amocanis gadawyvetis rogorc Teoriuli, aseve praqtikuli 

mniSvneloba. 
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dasmuli amocanis realizacia wyalmomaragebis moqmedi sistemebis 

efeqturi funqcionirebis misaRwevad moicavs Semdegi amocanebis 

gadawyvetas, romelic dakavSirebulia rogorc sistemur-logistikuri 

organizebis midgomebis, aseve operatiul-sadespeCero marTvis 

principebis  SemuSavebiT, kerZod [1,2]: 

 

* Seswavlil iqnas wyalmomaragebis moqmedi sistemebis operatiul 

sadispeCero marTvis arsebuli meTodologia da daisvas sakiTxi 

sainformacio logistikuri marTvis Sesaxeb; 

 

* Sedgenil iqnas wyalmomaragebis  moqmedi sistemebis operatiul 

sadispeCero marTvis gadawyvetilebis miReba, operatiul sadispeCero 

marTvis sainformacio sistemis agebis SesaZlebloba momxmarebelTa mier 

damyarebuli wyliT uzrunvelyofis teqnologiur  procesSi; 

 

* SemuSavdes wyalmomaragebis   moqmedi sistemebis sainformacio 

lojistikuri integrirebis sistema, romelic erTdroulad 

uzrunvelyofs, rogorc momavlis teqnologiuri procesis efeqtur 

marTvas, aseve momxmarebelTa (abonentTa) momsaxureobis servissac; 

 

* aRniSnuli amocanebis speqtrTan, qvemoT warmodgenilia 

wyalmomaragebis moqmedi  sistemis operatiul-sadispeCero marTvis 

logistikuri sistemebis meTodologia da arsebuli wyliT 

uzrunvelyofis teqnologiuri procesi deskrifciuli  modelirebis 

safuZvlebze; 

 

* SemoTavazebuli logistikuri sistemuri meTodologiis Tanaxmad, 

mizani da kvlevis amocana emyareba wyalmomaragebis moqmedi sistemebis 

efeqturi operatiul-sadispeCero marTvis gaxorcielebas, realuri 

drois masStabSi damyarebuli wyliT uzrunvelyofis procesis 

Sesabamisad. am SemTxvevaSi realuri wyalmomaragebis sistema (wylis 

miwodebis da ganawilebis sistema) Sedgenilia garkveuli element-

nagebobiT da maTi erToblivi moqmedebis reglamentic cnobilia. 
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amave dros, realuri situaciis mixedviT sistemis funqcionireba 

SeiZleba Seesabamebodes sxvadasxva saproeqto funqcionirebis xarisxs, 

kerZod: 

 

 *  sistema ver akmayofilebs moTxovnil miznebs; 

 

 *  sistema ver uzrunvelyofs saprognozo Sedegebs; 

 

 *   sistema ver funqcionirebs ise, rogorc es Tavdapirvelad iyo 

dagegmili. 

 

CamoTvlil situaciur mdgomareobaTa gamosakvlevad 

SemoTavazebul meTodologiaSi gamoyenebulia daproeqtebis ,,sistemuri 

paragegmis“ midgoma, romelic xorcieldeba e.w. ,,introspeqciis gziT“. es 

niSnavs, rom drois mocemul momentSi wyalmomaragebis moqmedi sistemis 

funqcionirebis xarisxis dadgenisaTvis vsazRvravT sistemis calkeuli 

Semadgeneli elementis (an elementTa erTobliobis) maxasiaTebeli 

parametrebis sidides da winaswar Sedgenili deskrifciuli modelebis 

bazis Sesabamisad viRebT operatiuli marTvis efeqtur gadawyvetilebebs 

gasaxorcieleblad. aqve aRsaniSnavia, rom situaciur mdgomareobaTa 

daproeqtebis introspeqciis midgomiT SesaZlebelia ganisazRvros drois 

mocemul momentSi damyarebuli wyliT uzrunvelyofis normaluri an 

gadaxrili ,,mdgomareobis veqtori“, Sesabamis moqmed elementTa 

funqcionirebis ,,aqtiuri reJimebi“, romlebic uzrunvelyofen 

momxmarebelTa wylis moxmarebis moTxovnil raJims. aRniSnulis 

gasaxorcieleblad mizanSewonili iqneba e.w. azrobrivi ,,aqtiuri 

eqsperimentebis“ Catareba deskripciuli (aRniSnuli) modelebis 

safuZvlebze kompiuteruli eqsperimentebis daxmarebiT, es saSualebas 

mogvcems, deskrifciuli modelebis daxmarebiT xelovnurad CavataroT 

,,aqtiuri eqsperimentebi“  manamde, sanam ar mivaRwevT manawilebel qselsa 

da sistemis sxva elementebSi teqnologiuri parametrebis sasurvel 

mdgomareobas. aq umTavresi isaa, rom sistemis sasurveli mdgomareoba 

miRweul unda iqnas e.w. ,,dabalansebis“ principis aucilebeli dacviT, 
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kerZod, operatiul -sadispeCero marTvis pirobebSi, uzrunvelyofili 

iqnas wylis miwodebisa da ganawilebis sistemis funqciur sqemebSi 

teqnologiuri parametrebis (dawnevebis, rezervuarebSi wylis dgomis 

simaRleebis da sxva) SenarCuneba iseTi diapazonis farglebSi, rom ar 

dairRves momxmarebelTa normaluri (Seuferxebeli) wyliT 

uzrunvelyofa drois nebismier momentSi. praqtikulad es imas niSnavs, 

rom drois mocemul momentSi mowodebuli wylis xarji toli unda iyos 

momxmarebelTa mier daxarjuli wylis moculobisa. Tu avRniSnavT, rom 

momxmarebeli Tavad ayalibebs moTxovnas wyalze, cxadi xdeba dasmuli 

amocanis gadawyvetis praqtikuli gadawyvetilebis mniSvnelobა drois 

mocemuli momentis Sesabamisad. 

SemoTavazebuli sistemuri meTodologia, rogorc pasiuri, aseve 

aqtiuri eqsperimentebis SemTxvevaSi. zogadad misaRebia rogorc 

wyalmomaragebis Cveulebriv pirobebSi moqmedi sistemebisaTvis, aseve 

wyalmomaragebis sistemebisaTvis, romlebic funqcionireben marTvis 

avtomatizirebuli sistemebis pirobebSi [6]. 

wyalmomaragebis Cveulebriv pirobebSi funqcionirebis drois 

Semdgeni elementebi funqcionireben operatiul-sadispeCero personalis 

intuiciisa da gamocdilebis mixedviT, anu pasiuri elementebis 

Sesabamisad. am SemTxvevaSi gamoricxulia sistemis momuSave elementebis 

efeqturi reJimi, amasTan, dispeCeri operatiuli marTvis procesSi 

mimarTavs e.w. ,,pasiur eqsperiments“ ,,mosinjva-Secdomis principis 

Sesabamisad“. am SemTxvevaSi SeiZleba dafiqsirdes  marTvis 

gadawyvetilebis miReba  xangrZlivi periodis Sesabamisad. sul sxva 

mdgomareoba fiqsirdeba marTvis avtomatizirebuli sistemis 

funqcionirebis pirobebSi. am SemTxvevaSi dispetCeri drois raime 

momentSi iRebs informacias sistemaSi moqmedi elementebis Sesaxeb-

atarebs e.w. ,,aqtiur eqsperimentirebas“- gamoricxavs intuiciuri marTvis 

SesaZleblobas. 

wyalmomaragebis sistemis marTvis avtomatizebuli sistemis 

funqcionirebis pirobebSi SesaZlebelia sistemis Semadgeneli 

elementebidan gadamowmebiT miRebuli informacia damuSavdes 

sakontrolo-maxasiaTebeli wertilebisaTvis winaswar Sedgenili 

deskrifciuli modelebis bazaze da Sesabamisad, miRebul iqnas 
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operatiuli marTvis gadawyvetileba, rogorc calkeulad aRebuli 

elementebisaTvis, aseve elementTa erTobliobisaTvis. Sedgenili 

deskrifciuli modelebiT SesaZlebelia Sedges operatiuli marTvis 

instrumentuli baza, romelic realizirebuli iqneba sadispeCeros 

kompiuteris saSualebiT. 

 

 

1.1 wylis miwodebisa da ganawilebis sistemis operatiul-
sadispetCero marTva ‘pasiuri” da “aqtiuri eqsperimentebis” 
funqcionirebis procesSi 
 

       wina qveTavSi ganxiluli iyo sistemur-logistikuri aspeqtebi 

wyalmomaragebis erTiani sistemis funqcionirebis maxasiaTebeli 

teqnologiuri parametrebis cvlilebebis Sesaxeb. informacia sistemis 

Semadgeneli  elementebis (wyalmimRebi, gamwmendi sadguri, sadawneo 

rezervuari, manawilebeli qseli) funqcionirebis xarisxis Sesaxeb 

realur droSi (vTqvaT wuTebSi - avtomatizebuli sistemis SemTxvevaSi 

da aTeulobiT wuTebSi-Cveulebriv moqmed sistemis SemTxvevaSi) 

gadaewodeba sadispetCero marTvis pults. amis Semdeg dispeCeri (moqmedi 

operatori-specialisti) aanalizebs miRebul informacias da iRebs 

marTviT gadawyvetilebas momxmarebelTa mier damyarebuli wyliT 

uzrunvelyofis situaciuri mdgomareobidan gamomdinare [15]. 

cxadia, Cveulebriv moqmed sistemaSi informacia miiReba da 

gaanalizdeba operator-dispetCeris intuiciuri gamocdilebis 

safuZvelze, rac dakavSirebuli araefeqtur marTvasa da  denisa da 

wylis aramwarmoeblur danaxarjebTan. aqedan gamomdinare, Cveulebriv 

moqmedi wyalmomaragebis sistemebis mizani unda iyos samomavlod 

gadavides marTvis avtomatizebuli funqcionerebis pirobebSi. 

marTvis avtomatizebuli sistemis funqcionerebis SemTxvevaSi 

sawyisi saanalizo informaciis miReba da Sesabamisi marTvis 

gadawyvetilebis SemuSaveba xdeba mcire drois intervalSi. amave  dros, 

uzrunvelyofilia situaciuri mdgomareobis mixedviT  momuSave  

elementebis  muSaobis efeqturi reJimebic [6]. 
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rogorc aRvniSneT, wyalmomaragebis sistemis  Cveulebriv 

pirobebSi funqcionirebis dros Semadgeneli elementebi funqcionireben 

operatiul-sadispeCero personalis intuiciisa da gamocdilebis 

safuZvelze, anu ,,pasiuri eqsperimentis” Sesabamisad. am SemTxvevaSi 

gamoricxulia sistemis momuSave elementebis efeqturi reJimebis SerCeva 

da momxmarebelTa mier  damyarebuli wyliT uzrunvelyofis procesis 

normaluri  situaciis Sesabamisad SenarCuneba. dispeCeri am SemTxvevaSi 

atarebs e.w. ,,pasiur eqsperiments” `mosinjva-Secdomis~ principis 

Sesabamisad. sul sxva mdgomareoba fiqsirdeba  marTvis avtomatizebuli 

sistemis funqcionirebis pirobebSi, dispeCeri am SemTxvevaSi iRebs ra 

informacias drois raime momentSi sistemis Semadgeneli elementebis 

funqcionirebis Sesaxeb, atarebs e.w. ,,aqtiur eqsperimentirebas”. aqtiuri 

eqsperimentebis organizaciisaTvis dispetCeri gamoricxavs intuiciuri 

marTvis SesaZleblobas da momxmarebelTa mier damyarebuli wyliT 

uzrunvelyofis procesis modelirebas amyarebs  sakontrolo- sakarnaxo 

wertilebSi fiqsirebuli dawnevebis ganawilebaze.  am mizniT saWiroa 

SemuSavebuli meTodologiis safuZvelze winaswar ganisazRvros 

sakontrolo-sakarnaxo wertilebis amsaxveli deskrifciuli modelebis 

algoriTmuli baza, da mis safuZvelze aigeba sadispetCero marTvis 

instrumentuli baza, romelic realizdeba operatiuli marTvis 

kompiuteris daxmarebiT [8,9]. 

rogorc  “pasiuri”, aseve “aqtiuri eqsperimentebis” Sesabamisad 

mogvyavs  wyalmomaragebis sistemebis operatiul-sadispetCero marTvis 

pocesSi pasiuri da aqtiuri eqsperimentebis Catarebis blok-sqema (nax. 1). 
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nax. 1. wyalmomaragebis sistemebis operatiul- sadispetCero marTvis pocesSi “pasiuri” 

da “aqtiuri eqsperimentebis” Catarebis blok-sqema [2,15]. 
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Tavi 2. momxmarebelTa mier damyarebuli wylismoxmarebis 
procesis arastacionarulobis analizis erTiani meTodika 
maTematikuri statistikis parametruli da araparametruli 

kriteriumebis gamoyenebiT. 
 

wylismoxmarebis reJimebis dRemde Catarebuli kvlevebis analizma 

uCvena,  rom wylis moxmarebis procesi aSkarad arasakmarisad aris 

Seswavlili [5,7]. ar arsebobs  wyalmomaragebis sistemebSi 

wylismoxmarebis teqnologiuri reJimebis cvlilebebis kanonzomierebis 

(wylis momaragebis procesis) kvlevis erTiani  meTodika. arsebuli  

SemuSavebebis efeqturobis mcire xarisxi wyalmomargebis 

avtomatizirebuli sistemis operatiuli marTvis  efeqturi  

qvesistemebis Seqmnis  mizniT maTi gamoyenebis saSualebas ar iZleva. 

operatiuli moklevadiani (saaTobrivi da sadReRamiso) 

prognozirebis sarwmuno  modulebis Sesaqmnelad, detaluri kvlevebis 

Catarebas saWiroebs, Sesaswavl sistemaSi, wylismoxmarebis 

teqnologiuri procesis SeswavlasTan erTad, wylis moxmarebis 

reJimebTan dakavSirebiT arsebuli mravalwliani kvlevebis Sedegebიsa da 

statistikur monacemebze (e.i. wylis moxmarebis  saaTobrivi da 

sadReRamiso reJimebis realizaciis ansamblebis winaistoriaze) 

dayrdnobiT არსებული ინფორმაციები. 
warmodgenil qveTavSi ganxilulia wylismoxmarebis procesis 

arastacionarulobis analizis erTiani meTodikis da wylis moxmarebis 

procesebis realizaciis ansamblis Tvisebebis kvlevis Semadgeneli 

sakiTxebi. 

naxazze  mocemulia logikuri sqema, romlis safuZvelzec 

xorcieldeba wyalmomaragebis sistemebSi wylismoxmarebis procesis 

kvleva. 

mravali fizikuri procesis, maT Soris wlismoxmarebis procesis 

gamokvlevis safuZvelze, gviwevs arastacionaruli SemTxveviTi 

procesebis kvlevasTan Sexeba. droSi wylis yoveldRiuri da saaTobrivi 

xarjebis ganxilul TanmimdevrulobaTa (realizaciis ansamblebi) 

martivi vizualuri analizi uCvenebs, rom realizaciis fiqsirebli 
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ansamblebi SeiZleba arastacionaruli droiTi seriebis formiT iqnas 

warmodgenili [1]. 

qvemoT mocemulia mizezebi imisa, rom wylis moxmarebis procesi ar 

ganixileba rogorc arastacionaruli SemTxveviTi procesi: 
 

 *wylis moxmarebis procesi iqmneba mravali faqtoris zemoqmedebis 

qveS (mosaxleoba da maTi keTilmowyobis done, samrewvelo da 

komunalur-sayofacxovrebo obieqtebi da maTi teqnologiuri 

aRWurviloba, mocemuli regionis klimaturi pirobebi, sezonuroba da 

sxv.), romelTa moqmedebaTa calke gamoyofa mTlianobaSi Camoyalibebul 

wylis moxmarebis procesSi SeuZlebelia droSi maTi specificiuri 

xasiaTis (reJimis) cvalebadobis gamo [5,7]: 
 

 *mtkicebuleba wylis moxmarebis arastacionaruli procesis 

Sesaxeb negatiurad aRiqmeboda - ubralod rogorc stacionarulobis 

ararsebobis konstatacia. 
 

 *ar arsebobda wylis moxmarebis mocemuli klasis procesis 

arastacionarulobis analizisa da kvlevis erTiani meTodika; 
 

 *ar arsebobda wylis moxmarebis reJimebis Sesaxeb sando 

statistikuri masalebis saTanado raodenoba. 
 

     qvemoT mocemulia wylis moxmarebis procesis realizaciis 

ansamblis Tvisebebis analizisa da kvlevis meTodika, romelic [5,7]-is 

Sesabamisad ganixileba. pirvel rigSi unda gaangariSdes SemTxveviTi 

ganxiluli procesis statistikuri Sefasebebi QQ(t), D[Q(T)] (cxrili 1). 

wylis moxmarebis procesi SeiZleba warmodgenil iqnas rogorc 

ramodenime droiTi funqcia (Qk(T)Ω(ke Ω), romelic SeiZleba ramodenime 

statistkuri maxasiaTebliT iqnas aRwerili. aq Ω aris indeqsuri 

simravle, romelic realizaciis ansamblis moculobas uCvenebs. indeqsi 

k gansazRvravs droiTi funqciis nomers, romelic wylismoxmarebis 

procesis realizaciis mocemul ansambls ganekuTvneba 

     qvemoT moyvanilia wyalmomaragebis sistemebSi wylis moxmarebis 

procesis kvlevis     principuli  logikuri  sqema (nax.2):  
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mTlianobaSi, iseve rogorc adre, wylismoxmarebis procesis 

realizaciis ansamblis Tvisebebis analizisa da kvlevisaTvis 

aucilebelia gaangariSdes maTi  standartuli  statistikuri  

maxasiaTeblebi (maTematikuri  molodini,  dispersia,  

saSualokvadratuli gadaxra,  avtokorelaciuri funqciebi, 

erTganzomilebiani an mravalganzomilebiani  gadanawilebis albaTobebi) 

drois diskretul momentebSi Ti. amasTan, rig SemTxvevebSi ganxiluli 

procesis realizaciis ansamblis Tvisebebis Seswavlisas, SeiZleba 

SemovifargloT mxolod ramodenime statistikuri maxasiaTeblis 

gaangariSebiT: maTematikuri maxasiaTeblebi, dispersia, albaTobebisa da 

avtokorelaciuri funqciebis erTganzomilebiani ganawilebi. am 

maxasiaTeblebis gaTvlis standartuli procedura (SemdgomSi 

statistikebad wodebuli) moyvanilia [5,7]-Si da sxva literaturaSi. 

amitom aq ar gTavazobT maT kalkulaciebs. 

[7]-Si mocemulia gansazRvreba, romlis Tanaxmadac 

arastacionaruli SemTxveviTi procesi xasiaTdeba sxvadasxva saSualo 

mniSvnelobebiT, dispersiiT, korelaciuri funqciebiT da albaTobebis 

ganawilebis kanonebiT, romlebic ganisazRvreba drois sxvadasxva 

momentebSi Ti და Tj..  

statistikis Sefasebas, romlebic drois momentzea damokidebuli, 

warmovadgenT  ramodenime  simbolos gamoyenebiT - <F[Q(T)]>. [3]-s 

Tanaxmad, SemTxveviTi procesis Ti da Tj momentebSi maTi statistikebis 

invariantulobis mixedviT klasifikaciisTvis aucilebelia 

gansazRvruli saSualoebis SerCeva da maTi Sefasebis gansxvavebis 

daSvebuli sazRvrebis dadgena. statistikasTan <F[Q(T)]>mimarTebaSi 

arastacionarulad miviCnevT iseT SemTxveviT process, romelSic 

statistikaTa SefasebebSi sxvaoba aRemateba SerCeuli zomis sazRvars. 

ganvixiloT [7]-Si miRebuli sidideebi wylismoxmarebis SemTxveviTi 

procesis arastacionarulobis donis SefasebisTvis 

<F[Q(T)]>statistikasTan dakavSirebiT. Tu gamovlindeba ori saSualo 

mniSvnelobis Sefasebis gansxvaveba <Q[Q(Ti)]>, <Q[Q(Tj)]>, maSin maTi 

arastacionarulobis donis Sefasebis sazomad (arastacionaroba 
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saSualo maCvenebelTan mimarTebaSi) gamoiyeneba sidide δδQ, romelic 

gaangariSdeba Semdegi gamosaxulebiT:  

δQ δQ=|(<Q[Q(Ti)]> - <Q[Q(Tj)]>)/max <Q[Q(T)]>|. 

 ori saSualo Sefasebis statistikurad mniSvnelovani gansxvavebis 

arsebobis faqtis dadgena SeiZleba ganxorcieldes t kriteriumis [8-10] 

gamoyenebis gziT, Tanabari n1=n2=n, sadac n1 aris pirveli damoukidebeli 

SerCevis moculoba, xolo n2 - meore damoukidebeli SerCevis moculoba 

[8]-is mixedviT. garda amisa, mowmdeba ramdenad mniSvnelovaniagansxvavebis 

sidide  kvlevis qveS myofi Q¬Q1 და Q2 saSualo maCveneblebs Soris, e.i. 

SeiZleba Tu ara CaiTvalos t kriteriumiT gansxvaveba arsebiTad an arian 

Tu ara isini arsebiTad aragansxvavebuli. es piroba mowmdeba z-

kriteriumiT [7-10]. ori saSualo maCveneblis statistikurad mniSvelovani 

gansxvavebis faqtis  dadgena SeiZleba ganxorcieldes ganawilebis ori 

centris gansxvavebis  Sesaxeb hipoTezis Semowmebis gziT.  

 Tu disperciis or maCvenebels (<D[Q(Ti)]> და <D[Q(Tj)]>) Soris 

gansxvaveba statistikurad mniSvnelovania, procesis 

arastacionarulobis donis Sefasebis sazomad dispersiasTan 

mimarTebaSi miiReba δDδDsidide, romelic Semdegi formuliT 

gaangariSdeba: 

 

δD=|<D[Q(Ti)]> - <D[Q(Tj)]>)/max <D[Q(T)]>| 

 
dispersiis SefasebaTa statsistikurad mniSvnelovani gansxvavebis 

faqtis dadgena SeiZleba ganxorcieldes fiSeris kriteriumis (FF-

kriteriumi) gamoyenebiT [7,8]. dispersiis SefasebaTa statistikurad 

mniSvnelovani gansxvavebis faqtis dadgena aseve SesaZlebelia kornis 

kriteriumiTac [7-10] moxdes. 

SemTxveviTi procesis stacionarulobis sazomad korelaciur 

funqciasTan mimarTebaSi aseve gamoiyeneba saSualokvadratuli sidide 

ΔB(τ) [7]. procesis analizis dros ττ-bijTan dakavSirebiT korelaciuri 

funqciis klebis Senelebis SemTxvevaSi, ganxiluli procesi korelaciur 

funqciasTan mimarTebaSi SeiZleba klasificirebul iqnas rogorc 

arastacionaruli. 
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ganawilebis kanonebis SefasebaTa statistikurad mniSvnelovani 

gansxvavebis faqtis dadgena SeiZleba Sesruldes SeTanxmebis 

kriteriumebis gamoyenebiT: pirsonis kriteriumi (χ2-kriteriumi) [7], 

kolmogorovis kriteriumi (Dq-kriteriumi) [7], smirnovis kriteriumi (Sq-

kriteriumi) [7], kolmogorovi-smirnovis SeTanxmebis kriteriumi [7]. 

sabolood unda aRiniSnos, rom SemoTavazebuli logikuri sqema 

saerToa procesebis kvlevis dros da yovelTvis SeiZleba aseve 

gamoyenebul iqnas statistikurad stacionaruli procesebis 

SefasebisTvis. 

Sedegad, blokebis BB.III.a, B.III.b, B.III.c, B.III.dblokebis analizis 

monacemebis safuZvelze, SeiZleba gakeTdes daskvna kvlevis qveS myofi 

procesis arastacionarulobis (an stacionarulobis) Sesaxeb (nax. bloki 

C). 

           warmovadginoT wylismoxmarebis procesis realizaciis ansamblis 

funqciebis arastacionalurobaze kvlevis sademonstracio magaliTi  

(aRebulia:  q.zelenogradis wyalmomaragebis avtomatizebuli marTvis 

sistemis wylismoxmarebis reJimis realizaciebi), ganxilul iqna [15]: 

 

 *bunebrivi wliuri realizaciis ansambli moculobiT T=365 dRe; 

 

 *bunebrivi naxevarwliani (I-V Tveebi) realizaciis ansambli  

moculobiT T=150 dRe; 

 

 *samuSao dReebis (zafxulis periodis garda) wliuri realizaciis 

ansambli moculobiT T=223 dRe; 

 

 *dasvenebis da sadResaswaulo dReebis (zafxulis periodis garda) 

wliuri realizaciis ansambli moculobiT T=72 dRe; 

 

 wylismoxmarebis am Tanmimdevruli reJimebis winaswari vizualuri 

analizi uCvenebs, rom warmoqmnili droiTi rigebi aSkarad xasiaTdeba 

arastacionarulobiT, e.i. procesis yvela statistikuri maxasiaTebeli 
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damokidebulia droze. amasTan, Cveni midgomis dasamtkiceblad saWiroa 

kvlevis Catareba zemoT ganszRvruli meTodikis Sesabamisad zemoT 

moyvanili logikuri sqemis Sesabamisad. 

 

 analizis erTiani meTodikis Tanaxmad arastacionalurobis 

Semowmebis procesi sruldeba Semdegi TanmimdevrobiT [7]:  

pirvel rigSi sruldeba dakvirvebisTvis aRebuli realizaciebis 

SemTxveviTobisa da stoqastikuri (statistikuri) damoukideblobis H-

0hipoTezis Semowmeba alternatiul hipoTezasTan HH1 (H1H-kriteriumis 

Tanaxmad. amasTan dgindeba, rom yvela momdevno dakvirveba dadebiTad 

urTierTobs momdevnosTan) mimarTebaSi xorcieldeba abes kriteriumis 

mixedviT (bloki B.I,). 

 magaliTad, H1-hipoTeza  dadasturda bunebrivi T=150 dRiani 

realizaciis ansamblis kvlevis dros. aq saanalizod aRebuli  

realizacia Sesadareblad  winaswar iqna gayofili or nawilad: pirveli 

nawili -T=75 dRe da meore nawili - T=75 dRe. realizaciis pirveli 

nawilisTvis miRebulia kriteriumis maCvenebeli (a = 0.05  sarwmunoebis 

donis Sesabamisi  Tavisuflebis xarisxiT) γ(75)=0,288 <γmin(0.05)(0.05)=1.189 da 

meore nawilisTvis - γ(75)=0,795 <γmin(0.05)(0.05)=1.189. moceuli kriteriumis 

gaangariSebis procedura mocemulia [7]-Si. aseve  igive  Sedegebi 

dadasturda avtokorelaciuri funqciis miRebuli mniSvnelobebiT 

(r1=0.51, r2=0.3). 

amgvarad,  uaryofilia  hipoTeza wylismoxmarebis ori 

Tanmimdevruli procesis stoqastikuri damoukideblobis Sesaxeb. 

agreTve unda gaangariSdes wylis moxmarebis procesebis 

gamokvleuli klasis ramodenime statistikuri monacemi. gaTvlebis 

Sedegebi mocemulia [7]-Si. 

wylis moxmarebis SemTxveviTi procesis arastacionarulobis donis 

Sesafaseblad, <F[Q(T)]>statistikasTan (bloki B.III) mimarTebaSi pirvel 

rigSi mowmdeba hipoTeza statistikebis stacionarulobis Sesaxeb 

dakvirvebis Tanmimdevrul intervalebSi (hipoTeza saSualo maCveneblebis 

erTgvarovnebis Sesaxeb - t და rkriteriumebi (cxrili 2) da hipoTeza 

dispersiis erTgvarovnebis Sesaxeb - fiSeris FF-kriteriumi da kokneris 
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G-kriteriumi). am mizniT, dakvirvebis mTliani intervali (0-T)moculobis 

realizacia iyofa SedarebiT  mokle ώ intervalebad xangrZlivobiT Ti, 

(zogadad Ti intervalebis sidide gansxvavebulia).  rogorc mTlianad T-

moculobis kvlevis qveS arsebuli intervalis, ise T1-intervalis 

xangrZlivobis gansazRvris dros, ganxilul SemTxvevaSi  

gaTvaliswinebulia apriori monacemebi wylis moxmarebis  yvelaze 

gamokvlevadi procesis fizikuri xasiaTis Sesaxeb (kvlevebis 

intervalebis SemoTavazebuli dayofa, romlebic warmodgenilia 

wylismoxmarebis realizaciis ansamblebiT mocemulia [7]-Si). 

gaangariSebaTa Sedegebi, romlebic Catarda t და z kriteriumebis 

daxmarebiT SerCeuli intervalebis Tanaxmad, mocemulia [3]-Si (cxrili 

2), xolo F F და G G kriteriumebis gaangariSebebis Sedegebi mocemulia [3]-

Si (cxrili 3). 

  δQ δQ და δDδD sidideebis maCveneblebi, romlebic ganisazRvreba 

naxazze mocemuli  blokebis BB.III.a და B.III.b Sesabamisad, iqneba: 3, 3 და 3, b-

δQ=0.027;  4, 4.a და 4.b -სთვის  - δQ=0.01;  3.3 და 3.b - თვის - δD=0.29;4.4 და  4.b-

სთვის=0.21. 

        kvlevebma, romlebic Catarda B.III.c და B.III.d blokebis Tanaxmad 

warmoaCina R(r) korelaciuri funqciebis bijTan mimarTebaSi neli vardna, 

aseve aSkara statistikuri gansxvaveba aRiniSna wylismoxmarebis 

ganxiluli procesebis ganawilebis kanonebis Sefasebebs Soris.  
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cxrili 1. wylismoxmarebis procesis realizaciis kvlevis qveS arsebuli 

ansamblebis statistikuri maxasiaTeblebi  

 

 
წყლის მოხმარების პროცესში რეალიზაციის 

ანსამბლის სახელწოდება 
მათემატიკური 

მოლოდინი 
(საშუალო) Q(T) 

დისპერსია 
D[Q(T)] 

1. ბუნებრივი წლიური რეალიზაცია, T=365 
 
2.ბუნებრივინახევარწლიანირეალიზაცია 
(ზაფხულისდღეებისგამოკლებით), T=150: 
a) 1-ლი ნაწილის რეალიზაცია, T=75 
b) მე-2 ნაწილის რეალიზაცია, T=75 
 
 
3. სამუშაო დღეების წლიური რეალიზაცია 
(ზაფხულის პერიოდის გამოკლებით) T=223: 
a) 1-ლი ნაწილის რეალიზაცია, T=86 
b) მე-2 ნაწილის რეალიზაცია, T=86 
 
 
4. დასვენების და სადღესასწაულო დღეების 
წლიური რეალიზაცია (ზაფხულის პერიოდის 
გარეშე), T=72: 
a) 1-ლი ნაწილის რეალიზაცია, T=36 
b) მე-2 ნაწილის რეალიზაცია, T=36 

42669 
 
 
 

32814 
43743 

 
 
 

44671 
43328 
44538 

 
 
 
 

4405 
4364 
4421 

14944088 
 
 
 

4491564 
4308137 

 
 
 

4923599 
2404766 
967818 

 
 
 
 

3900695 
4789211 
2888465 
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ცxrili 2. gaangariSebaTa Sedegebi t da r kriteriumebis mixedviT 
 
გამოკვლეული 
რეალიზაციები 

[7] 
მონაცემების 
მიხედვით 

გაანგარიშება t და 
r კრიტერიუმების 

მხიედვით 

დასკვნა 

2a. T1=75 
2b. T2=75 

როდესაც f=T1+T2-
2=148 

|tდაკვ.| = 
|2,721|>t0,05.148=1.96 

|cდაკვ.| = 
|12,72|>cკრ=1.96 

საშუალო მაჩვენებლების ტოლობის ჰიპოთეზა 
უარყოფილია  ანუ  საშუალო მაჩვენებლების განსხვავება 
არსებითია - შერჩევითი საშუალო  
მაჩვენებლებიმნიშვნელოვნად განსხვავდებიან. 

3a. T1=86 
3b. T2=86 
(T1=T2=86) 

როდესაც f=T-

1+T2-2=170 

|tდაკვ.| = 
|6,11|>t0,05.130=1.96 

|cდაკვ.| = 

|6,11|>cკრ=1.96 

იგივე 

3a. T1=223 
3b. T2=86 
(T1≠T2) 

როდესაც f=T-

1+T2-2=307 

|tდაკვ.| = 
|5,146|>t0,05.307=1.96 
 

იგივე 

4a. T1=72 
4b. T2=86 
(T1≠T2) 

როდესაც f=T-

1+T2-2=107 

|tდაკვ.| = 
|0,976|>t0,05.107=1.98 
 

დასტურდებასაშუალომაჩვენებლებისტოლობისჰიპოთეზა 

4a. T1=36 
4b. T2=36 
(T1=T2=36) 

როდესაც f=T-

1+T2-2=70 

|tდაკვ.| = 
|1,67|>t0,05.70=1.99 
 

იგივე 
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cxrili 3. gaangariSebaTa Sedegebi  F და G G kriteriumebis mixedviT 
 

გამოკვლეული 
რეალიზაციები [7]-ის 

მონაცემების მიხედვით 

გაანგარიშება F და G 
კრიტერიუმების მხიედვით 

დასკვნა 

2a. T1=75 
2 b. T2=75 

როდესაც a=0.05; K1=T1-1=74 
და K2=T2-I=74 

Fდაკვ=1,0287<Fკრ=1,46 

განსხვავება ორ დისპერსიას 
შორის უმნიშვნელოა, ე.ი. 

სრულდება ჰიპოთეზა - Ho: 
D[Q(T1)]=D[Q(T2)] 

3 a. T1=86 
3 b. T2=86 
(T1=T2=86) 

როდესაც a=0.05; K1=T1-1=85 
და K2=T2-I=85 

Fდაკვ=2,48<Fკრ=1,4 

განსხვავება ორ დისპერსიას 
შორის უმნიშვნელოა, ე.ი. 

სრულდება ჰიპოთეზა - Ho: 
D[Q(T1)]=D[Q(T2)] 

3. 3 a, 3 b 
 

t=3 
Gდაკვ=1,46>Gკრ=0,43 

 

ჰიპოთეზა უარყოფილია, ე.ი. 
შესწორებული დისპერსიები 

მნიშვნელოვნად 
განსხვავდებიან  

4 a,b როდესაც a=0.05; K1=T1-1=35 
და K2=T2-I=35 

Fდაკვ=1 658 48<Fკრ=1,75 

განსხვავება ორ დისპერსიას 
შორის უმნიშვნელოა, ე.ი. 

სრულდება ჰიპოთეზა - Ho: 
D[Q(T1)]=D[Q(T2)] 

4. 4 a, 4 b. 
 

t=3 
Gდაკვ=0,7054>Gკრ=0,4748 

 

ჰიპოთეზა უარყოფილია, ე.ი. 
შესწორებული დისპერსიები 

მნიშვნელოვნად 
განსხვავდებიან 

 
 
 
 

 
 
 
 
 
 
 
Tavi 3. wylis miwodebisa da gadanawilebis sistemebis rTuli 
ierarqiuli sqemebis funqcionirebis xarisxis kompleqsuri 
Sefaseba dispeCerul-koordinirebuli marTvis procesSi 
 

MmomxmarebelTa mier damyarebuli wylismoxmarebis teqnologiuri 

procesis saimedoobis donis  amaRleba wyalmomaragebis sistemis 
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sadispeCero-koordinirebul marTvaSi sakmaod rTuli da 

mravalparametruli amocanaa. es garemoeba aseve gansazRvravs im faqtsac, 

rom TviTon wyalmomaragebis sistemebis funqcionaluri Semadgeneli 

elementebi (wyalmimRebi, wyaldenebi, satumbi sadgurebi, rezervuarebi da 

a.S.) ganTavsebulia dasaxlebuli adgilebisa da qalaqebis gadakveTili 

reliefis  vrcel  teritoriebze; logikurad isini erTmaneTTan 

dakavSirebulia gansazRvruli ierarqiuli sqemiT  da isini 

Seuferxeblad axorcieleben momxmarebelTa wyliT uzrunvelyofis  

ZiriTad funqcias drosa da sivrceSi. amasTan, momxmarebelTa mier 

damyarebuli wyliT uzrunvelyofis teqnologiuri procesi 

arastacionaruli xasiaTis matarebelia (maTematikuri molodinis, 

dispersiis da korelaciuri funqciebis  mxriv), rac ,Tavis mxriv, 

arTulebs ierarqiuli sqemebis, wylis miwodebisa da ganawilebis 

sistemebis Semadgeneli elementebis funqcionirebis efeqturi reJimebis 

SerCevas. unda aRiniSnos, rom sqemebis funqcionirebis xarisxis 

Sesafaseblad  teqnologiuri kontrolis parametrs wamroadgens sqemis 

Sesabamis wertilebSi fiqsirebuli piezometriuli wnevebis ganawileba, 

romelic fiqsirdeba drois aRebul momentSi. 

 

      am qveTavSi,  sailustraciod  SemoTavazebulia wylis miwodebisa 

da ganawilebis rTuli ierarqiuli sqemis funqcionirebis xarisxis 

kompleqsuri Sefasebis procedura. 

SemoTavazebuli proceduris Tanaxmad, saaproqsimacio –samodelo 

damokidebulebis SerCevis mizniT aRebulia e.w. sasurvelobis funqcia 

haringtonis mixedviT : 

 

 

 

aq: H1faqt. Aris piezometriuli dawnevis parametria, b0 და b1 saZiebo 

koeficientebi; e – eksponentis aRebis niSani. 

Tu eX gamosaxulebas gadavwerT exp(x)-ს saxiT, maSin sakontrolo 

wertilSi fiqsirebuli dawnevis Sesabamisad xarisxobrivi mdgomareobis 

kriteriuli Sefaseba ase Caiwereba,: 
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Aaq: H1ფაქტ. Aaris maxasiaTebeli wertilebis i=1,m faqtiuri piezometriuli 

dawneva; b0 და b1 ganisazRvreba Semdegi formiT: 

 

sadac, H1კარ. და H2ცუდ – Sesabamisad aris piezometriuli dawnevis 

mniSvnelobaa sakontrolo wertilis „cudi“ mdgomareobis (rodesac 

kriteriuli Sefasebaa d1ცუდ.=0.2 da piezometriuli wnevis mniSvnelobaa 

sakontrolo wertilis „kargi“ mdgomareobis (rodesac kriteriuli 

Sefasebaa d1კარ.=0.8) maCvenebelia. 

       calkeli kriteriuli  Sefasebebis  di, i=l,m Tanaxmad, SesaZloa 

ganisazRvros kompleqsuri Sefaseba Di, i=l,m –saanalizo sqemis 

funqcionalobis xarisxis mixedviT, rogorc saSualo geometriuli 

Sewonili sidide: 

 

 

 

Wylis miwodebisa da ganawilebis sistemis funqcionaluri sqemebis 

qmedeba,  realuri sadispeCero-koordinirebuli marTvis procesSi, 

uzrunvelyofil unda iqnas ise, rom sqemebis funqcionirebis xarisxis 

kompleqsuri sidide miiswrafodes maqsimumisken, kerZod:  

 

 

 

sadac H€Ω–wnevis ganawilebis formis universaluri sididea. 

      SemoTavazebul proceduraSi,   di და Di mniSvnelobebis aRebaxdeba 0-

dan 1-mde areSi, qvemoT mocemuli xarisxobriv-kriteriuli Sefasebis 

fsiqo-fizikuri subieqturi saxis Skalis Sesabamisad: 
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d=1.00 – parametris maqsimalurad SesaZlo done, romelic 

yovelTvis ar miiRweva; 

 

d=1.00÷0,80 –parametris daSvebuli da maRali done, romelic aseve 

yovelTvis ar miRweva; 

 

d=0.80÷0,60 –parametris daSvebuli da kargi done (amasTan imaze 

maRali, romelic realurad miiRweva); 

 

d=0.60÷0,37 – parametris daSvebuli da sakmarisi done; 

 

d=0,37 – parametris micemuli done (Seesabameba xarisxis Sefasebis 

parametris im maCvenebels, romelic aucileblad unda iqnas miRweuli); 

 

d=0,37÷0 –parametris dauSvebeli done; 

 

d =0 – parametris maqsimalurad arasasurveli done. 

 

უnda aRiniSnos, rom di და Di mniSvneloba SeiZleba aRebul iqnas 

winaswar Sedgenili deskrifciuli modelebis safuZvelze sasurvelobis 

moyvanili Skalis mixedviT, momxmarebelTa wyliTuzrunvelyofis 

procesis mdgomareobis konkretuli situaciidan gamomdinare. 

SeiZleba SemoTavazebuli procedura miCneul iqnas rogorc erTgvari 

instrumenturi saSualeba wylis miwodebisa da ganawilebis rTuli 

ierarqiuli sqemebis sadispeCero-koordinirebuli marTvis diagnostikuri 

wesebis asagebad, rogorc wyalmomaragebis sistemebis funqcionirebis 

CveulebrivpirobebSi, ise – wyalmomaragebis sistemebSic, romlebic 

funqcionireben avtomatizirebuli marTvis pirobebSi. 

 

 

magaliTad, ganvixiloT wylis miwodebisa da ganawilebis sistemis 

SesaZlo funqcionirebadi ierarqiuli sqema: 
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am  sqemaSi d1….., d6 – aris calke Semadgeneli elementebis 

funqcionirebis xarisxis diferencialuri Sefasebebi; 

 

D1, D2, D3–saerTo sqemis calke Semadgeneli qvesqemebis 

funqcionirebis xarisxis kompleqsuri Sefasebebia; 

 

D  D– sqemis saerTo kompleqsuri maCvenebeli. 

 

funqcionirebis xarisxis Sefasebis saerTo kompleqsuri 

maCvenebelis gaangariSebis proceduras Semdeg SedegebTan mivyavarT: 

 

D1=(d1·d2·d3)1/3– (1-li qvesistemisTvis) 

 

D2=(d1·d5)1/2– (me-2 qvesistemisTvis) 

 

D3=d6– (me-3 qvesistemisTvis) 

 

saerTo kompleqsuri Sefasebas sqemis mixedviT iqneba: 

 

D=(D1·D2·D3)1/3. 

kompleqsuri Sefaseba SeiZleba ganisazRvros mocemuli 

funqcionaluri qvesqemebis kombinaciiT, Semdegi formiT: 
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D=(D1·D2)1/2– (1-li da me-2 qvesqemebiskombinaciisdros); 

 

D=(D1· D3)1/2– (1-li da me-3 qvesqemebiskombinaciisdros); 

 

D D=(D2·D3)1/2– (me-2 da me-3 qvesqemebiskombinaciisdros). 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
3.1. wyalmomaragebis, rogorc teqnikuri sistemis, operatiul-
sadispetCero marTvis gadawyvetilebebis miReba aramkafio  simravleTa 

Teoriis maTematikuri aparatis gamoyenebiT 
 

wyalmomaragebis sistema  (ise rogorc momxmarebluri xasiaTis 

sxva nebismieri teqnikuri sistema) sistemur- logistikuri Teoriis 

Tanaxmad  im struqturiT xasiaTdeba, romelic mis calkeul elementebs 

Soris damokidebulebebsa da kavSirebs ganapirobebs. am sistemis 
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elementebs Soris stuqturiT SeTaxmebuli funqcionireba qmnis 

miznobriv process - es aris sistemis funqcionirebis procesi. rogorc 

wesi, teqnikuri sistemis (da misi elementebis) funqcionireba drois 

mocemul [0,T] intervalSi raime saboloo miznis miRweviskenaa 

mimarTuli. mocemuli miznis miRwevis warmatebuloba (efeqturoba) 

umetes wilad damokidebulia ori ZiriTadi amocanis swor gadawyvetaze: 

sistemis organizaciul stuqturasa da elementebis funqcionirebis 

optimaluri reJimebis SerCevaSi [14,15,16,18,21,27]. 

aRniSnuli sistemebi ,,adamiani - manqana“ klasis sistemebs 

miekuTvnebian da misi funqcionirebis yvela aspeqti ar eqvemdebareba 

formalizacias. amitom mocemul qveTavSi ganxiluli iqneba mxolod 

sistemis algoriTmuli modelebi. teqnikuri sistemebi Sedgebian ori 

urTierTdakavSirebuli ZiriTadi nawilisagan: teqnologiuri da 

gadawyvetilebaTa miRebis sistemebi (marTva), romlebic erToblivi 

muSaobis procesSi informaciis nakadebiT  mudmivad axldebian. 

aseTi saxis sistemebis optimaluri funqcionireba SeuZlebelia 

marTvis procesis normatiuli algoriTmuli modelebis organizaciis 

gareSe, algoriTmuli sqemebis erTiani simravle, formalizebuli 

procedurebi da wesebi, romlebic teqnologiuri procesis mowesrigebis 

da nebismieri sawyisi mdgomarebidan mis ,,normasTan“ miyvanis saSualebas 

iZleva (e.w. ,,norma“ Seesabameba procesis idealur warmodgenas). norma 

SeiZleba iyos sistemis erTaderTi an SezRuduli simravlis amsaxveli 

mdgomareoba. normatiuli algoriTmuli modeliT marTvis procesis 

yvela Tavisebureba unda iyos asaxuli, romelic dasaxuli miznis 

misaRwevad sistemis yvela elementis funqcionirebas moawesrigebs. 

 

sistemuri Teoriis Sesabamisad teqnikuri sistemebi SeiZleba 

ierarqiul doneebad warmovadginoT, amitom maTi kvlevis dros saWiroa 

gadawydes dekompoziciis amocana, rac didi ganzomilebis sistemebis 

SemTxvevaSi siZnelebTanaa dakavSirebuli. misi gadawyvetis perspeqtiul 

variants,  teqnologiuri  ierarqiis  safuZvelze, sistemis mdgen 

elementebs Soris, efeqturebis kriteriumebis gamoyenebiT, maT Soris 

arsebuli urTierTdamokidebulebis dadgena warmoadgens. 
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ierarqiis nebismier doneze mimdinare yvela procesisaTvis 

maxasiaTebelia raime dasaSvebi variantebis (reJimebis) arseboba, 

romlebic sxvadasxva SezRudvebis dros funqcionirebis saerTo 

mizanTanaa gaerTianebuli. zogad SemTxvevaSi  gare  faqtorTa 

zemoqmedebis Sedegad sistema erTi reJimuli mdgomareobidan gadadis 

sxva reJimSi. saWiroa aRiniSnos, rom teqnologiuri procesis 

parametrebis dasaSvebi sazRvrebidan gadaxram SeiZleba gamoiwvios 

ierarqiis yvela doneze mTeli sistemis mdgomareobis Secvla axali 

mdgomareobis Sesabamisad. 

 rTul ,,adamiani-manqana“ sistemebSi (romlebsac miekuTvneba 

teqnikuri sistemebis teqnologiuri procesebis marTva) mocemuli miznis 

misaRwevad maTematikuri aRweris adekvaturoba SeiZleba miRweul iqnas 

mxolod sistemis elementebis funqciuri mdgomareobisa da adamianis 

faqtors Soris arsebuli informaciis „aramkafio“ xasiaTis 

gaTvaliswinebiT. aseTi ,,aramkafio“ sistemebis kvlevis erT-erT  mZlavr 

instrumentul saSualebas Tanamedrove aramkafio simravleTa Teoriis 

maTematikuri aparati warmoadgens [15,16,18]. 

aramkafio  simravleTa  ganmarteba  Semoitana  l. zadem,  romlis 

Tanaxmad obieqtTa erToblioba klasikuri ganmartebiT ar SeiZleba 

CaiTvalos simravled, vinaidan igulisxmeba rom obieqtis raime 

klasisadmi armikuTvnebaSi  gadasvla xdeba  TandaTanobiT da ara 

erTbaSad. 

realuri  moqmedi  sistemis marTva (maT Soris wyalmomaragebis 

teqnikuri sistemebis)  arsebiTad  miRebul efeqtur gadawyvetilebaTa 

mimdevrobas  warmoadgens,  romlebic  garkveuli SezRudvebis arsebobis 

pirobebSi raime miznis miRweviskenaa mimarTuli. am motiviTaa 

ganpirobebuli mkvlevarTa interesi Seqmnan gadawyvetilebaTa miRebis 

aramkafio saxis modelebi. 

 teqnikuri sistemis marTvis nebismieri procesi am sistemis X 

mdgomarebaTa  simravliTa  da  marTvis SesaZlo mniSvnelobaTa 

simravliT  xasiaTdeba. Sesabamisad Xt და  UtSeiZleba aRiniSnos t∈TdroiTi 

momentis Sesabamisi  marTvis  mdgomareoba  da  mniSvneloba. sistemis 

funqcionireba anu marTvis mdgomareoba da mniSvneloba. sistemis 

funqcionireba anu marTvis  zemoqmedebis Sedegad misi erTi situaciuri 
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mdgomareobidan sxva mdgomareobaSi gadasvla aRiwereba mdgomareobis 

gantolebiT: Xt+1=f(Xt,Ut). aq  igulisxmeba, rom mdgomareobaTa cvla 

mdgomareobs diskretul droSi  T={t}={t= 0,1,2,…} garda amisa Tu sistemas 

gaaCnia marTvisa da mdgomareobaTa cvalebadobis sasruli ricxvi, maSin 

gadawyvetilebaTa miRebis mravalbijiani procesi SeiZleba warmodgenil 

iqnas (X,U,f,x0,Xt)  avtomat modelis saxiT. sadac X={x1,…,xN}, U={u1,…,un}, f- 

gardamavali asaxvaa, x0∈X – sawyisi mdgomareobaa, x1⊂X saboloo 

mdgomareobis simravlea. Tu davuSvebT, rom funqcionirebis  mizani 

sivrciTi mdgomareobiT ganisazRvreba, xolo SezRudvebi edeba marTvis 

mniSvnelobebs, maSin gadawyvetilebaTa miRebis mravalbijian procesSi 

unda gveZleodes aramkafiobis aRwera:  a) miznebi sivrciT 

mdgomareobaSi; b) SezRudvebi marTvis sivrceSi;  g) gardamavali 

maxasiaTeblebi;   d) procesis dasrulebis dro. 

 rogorc aRvniSneT teqnikuri sistemis funqcionireba SeiZleba 

warmovadginoT  rogorc  erTi  „aramkafio“ mdgomareobidan sxva 

mdgomareobaSi gadasvla, romelic Semdeg mizans eqvemdebareba: NN=t      

droiT momentSi miRweul iqnas  XNsistemis iseTi ‘aramkafio“ 

mdgomareoba, romelic raime xarisxiT axlo iqneba Ct aramkafio 

SezRudvebis arsebobisas winaswar gansazRvrul GN mocemul aramkafio 

mizans (aramkafio mdgomareobas). or aramkafio simravles Soris 

siaxlovis sazom erTeulad aiReba hemingis (wrfivi) fardobiTi 

dacileba; 

 

δδ(XN,GN) = 𝟏𝟏
𝒏𝒏

∑ [ 𝝁𝝁𝒏𝒏
𝒊𝒊=𝟏𝟏 XN(𝑥𝑥1)-𝜇𝜇GN(𝑥𝑥1)]. 

 

 GN  saboloo  mizani SeiZleba formulirebul  iyos  G1,G2,.,GN-

1Sualeduri miznebis Sesabamisi sistemis mdgomareobis C0,C1,…CN-1 

SezRudvebis t=1,2...,  N-1 droiTi intervalis mixedviT. Tu es miznebi 

aramkafio xasiaTisaa, maSin TiToeul i-ur etapze SiZleba Sefasdes maTi 

miRwevis done [16] 

 

𝜇𝜇G-(X)=1-d(𝜇𝜇Gi,  𝜇𝜇Xi). 
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amave  dros maqsimaluri gadawyveta ganisazRvreba rogorc: 

 

𝜇𝜇D(u0*,u1*,...,uN-1*)=V  (𝜇𝜇C0(u0)⋀ (𝜇𝜇C1 (u1)⋀…⋀(𝜇𝜇CN-1(uN-1)⋀𝜇𝜇G
𝟏𝟏
𝟏𝟏  ⋀ 𝜇𝜇G

𝟏𝟏
𝟏𝟏 ⋀…⋀ 𝜇𝜇G

𝟏𝟏
𝑵𝑵

  , 

 

sadac - u0,u1,...,uN=1 

 

zemoT aRniSnuli modelebis saSualebiT SesaZlebelia sistemis 

ierarqiis raime λ doneze funqcionirebis j reJimis Sesabamisi r fazis 

mdgomareoba daxasiaTdes drois TiToeul momentSi. rTuli sistemis 

funqcionirebis dayofa ierarqiis doneebad, reJimebad da fazebad 

mniSvnelovnad amartivebs mis aRweras. aq modelis ,,gamartiveba“ 

lokalur reJimSi obieqtis funqcionirebis konkretul pirobebTan 

damokidebulebiT gagebul unda iyos rogorc mxolod SesaZlo 

cvlilebebisa da SezRudvebis ricxvis  Semcireba. praqtikaSi nebismieri 

teqnologiuri procesis msvleloba an produqtis damuSaveba, rogorc 

wesi, Tanmimdevrulad xorcieldeba droSi - vidre ar damTavrdeba 

procesis an produqtis damuSavebis wina faza, momdevno ar iwyeba.  

Sesabamisad sruldeba sistemis funqcionirebis TiToeuli reJimis 

dayofa mimdevrobiT sasruli fazebis (operaciebis) mixedviT. 

 aRniSnul konteqstSi niSandoblivia aramkafio Sefasebis 

gamoyenebiT gadawyvetilebis miRebis kidev erTi aramkafio modelis 

ganxilva  sistemebis logiko - lingvisturi aRweris modeliT. vTqvaT, 

cnobilia sistemis  X={X1,...,Xm}sityvierad mocemuli Sesasvleli 

parametrebis simravle da agreTve Y={Y1,…,YN}sityvierad  mocemuli 

gamosasvleli parametrebis simravle. maSin ∀Xj,j=1,mgadawyvetilebebis 

miRebisTvis winaswar gansazRvrulia lingvistikuri cvladebis 

Sesasvleli mniSvnelobis Uj simravle da ∀YK-თვის, K=1,n ki lingvistikuri 

cvladebis gamosasvleli mniSvnelobis Vk  simravle.  Sesabamisad,  

lingvistikuri cvladebis terminebSi sistemis xarisxobrivi aRweris 

sqemas eqneba Semdegi saxe [16]: 

 

Tu  a11, a12,…, a1mmaSin  b11, b12,…, b1n sxvanairad, 
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Tu  a21, a22,…, a2mmaSin  b21, b22,…, b2nsxvanairad, 

 

Tu  ap1, ap2,…, apmmaSin bp1, bp1,…, bpnsxvanairad, 

 

uwodeben aramkafio xasiaTis msjelobebs.  

 

aq: aij ∈Uj, ∀i=1,…,p,bik  ∈Vk, ∀i=1,…, p დაUm∈ X UJ,   Vn  ∈ X V j ,j∈J ,   k∈K 

 

amrigad, sistemis yofaqceva Ф:Um-Vn asaxviTac xasiaTdeba. aij∈UJ 

lingvistikuri cvladebis mniSvnelobebi Seesabamebian AAij aramkafio 

qvesimravles Sesabamisi 𝜇𝜇Aij∈F(Xj) miniWebis funqciebiT, xolo bij∈Vk 

lingvistikuri cvladebi BBik aramkafio qvesimravles 𝜇𝜇Bk∈F(yk)saxis 

miniWebis funqciebiT.  aq:  FF(Xj) და F(Vk) - aramkafio qvesimravleebia, 

gansazRvruli Xj  da YYk bazur simravleebSi. zogadad Ф saxis asaxvas 

aramkafio asaxva SeiZleba SeuTavsdes Semdegnairad [16]: 

 

  

Ф:F(Xm)-F(Yn), 

  

romelic SeiZleba miRebul iqnas yvela 𝜇𝜇Aij∈F(Xj), 𝜇𝜇Bik∈F(Yk)-Tvis rogorc 

aramkafio Sesabamisoba 

 

Ф: U𝜇𝜇AiX𝜇𝜇Bi ,სადაც𝜇𝜇Ai=X ,  𝜇𝜇Bi=X𝜇𝜇Bik,  i=1, k=K 

 

aseTi saxis aramkafio Sesabamisoba logikur implikacias Seadgens. 

 

aramkafio daskvnaSi igulisxmeba lingvistikuri cvladebis 

mniSvnelobaTa b'∈Vn : b'=(b'1,…,b'n) veqtoris gansazRvris procedura 

lingvistikuri  cvladebis  Sesasvleli  mniSvnelobebis  a'=(a'1,…,a'm) 

∈Um∈axali nakrebi veqtoris Sesabamisad. aRniSnuli SeiZleba Sesruldes 

𝜇𝜇Ai:Xj→[0,1]aramkafio simravlisa da Ф aramkafio Sesabamisobis 
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gamoyenebiT. amasTan erTad b1 unda Seesabamebodes gamosasvlel 𝜇𝜇B ∈ 

F(Yn)aramkafio Sesabamisobas, romelic ase ganisazRvreba: 

 

𝜇𝜇B=𝜇𝜇A°Ф. 

  lingvistikuri cvladebis mniSvnelobaTa B'B' veqtori SeiZleba 

ganisazRvros 𝜇𝜇BB aramkafio Sesabamisobis lingvistikuri aproqsimaciis 

Sedegad. amasTanave 𝜇𝜇B maaproqsimebel lingvistikur cvladebs Seadgens 

iseTi c∈Yn veqtori,  romlis drosac  𝜇𝜇c, 𝜇𝜇c∈F(yn) g  msgavsebis sazomi 

mniSvneloba,    𝜇𝜇B-sTan maqsimaluria. 

  amrigad,  aRniSnul  qveTavSi,  warmodgenili  iyo  

wyalmomaragebis sistema,  rogorc  teqnikuri  sistemis  struqturis da 

masTan dakavSirebuli gadawyvetilebaTa miRebis sistemis  ori 

urTierTdakavSirebuli nawili, romlebic  erToblivi  muSaobis  

pirobebSi  mudmivad axldebian. aseTi principiT warmodgenili 

wyalmomaragebis sistemebis efeqturi funqcionireba SuZlebeli iqneba 

marTvis procesis normaluri algoriTmuli modelebis 

(gadawyvetilebaTa miRebis prognozirebis modelebis) agebis gareSe, 

romelTa daxmarebiT aseve SeuZlebeli iqneba  realuri  drois 

masStabSi efeqturi operatiul-sadispetCero marTvis procesis 

ganxorcieldeba da Sesabamisi gadawyvetilebebis miReba momxmarebelTa 

mier damyarebuli arastacionaluri  saxis  wyliT uzrunvelyofis 

teqnologiur procesis normaluri msvlelobis mizniT.  

 

 
 
 
3.2 wylis miwodebisa da gadanawilebis sistemebis rTuli 

ierarqiuli sqemebis funqcionirebis xarisxis kompleqsuri Sefaseba 
operatiul-dispetCerul-koordinirebuli marTvis procesSi (operatiuli 
Sefasebisa da prognozirebiszogadi modelis programis Sedgena 
deskrifciuli modelirebis safuZvelze - sademonstracio magaliTi). 

 

H1=41   ,   d kargicudi=0.8 
 

H2=35,   d cudicu=0.2 
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A=({ {1, H1},  {1, H2}  });b={1.5,-0.476} 
 

s=LinearSolve[A,b] 
 

{1.5,-0.476} 
 

{-12.0027,0.329333} 
 

d[H_]:=Exp[-Exp[-s[[1]]-s[[2]]*H]] 
 

d[H1]=0.800011 
 

d[H2]=0.199963 
 

b1=-Log[Log[1/d[H1]]] 
 

b2=-Log[Log[1/d[H2]]] 
 

b1=1.5 
 

b2=-0.47 
 

A=({ {1, H1},{1, H2}  });b={b1,b2} 
 

s=LinearSolve[A,b] 
 

{1.5,-0.476} 
 

{-12.0027,0.329333 

 

Plot[d[H], {H,10,70}] 
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nax. 4.  wyalmomaragebis qselSi fiqsirebuli faqtobrivi dawnevebis 

operatiuli Sefasebisa da prognozirebis procesis modelirebis 

xarisxobriv -kriteriuli Sefasebis  uganzomilebo skala  
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3.3. wyalmomaragebis sistemebis operatiul-sadispetCero marTvis 

gadawyvetilebebis  miRebis kompiuteruli programis blok-sqemis aRwera  
momxmarebelTa wyliT uzrunvelyofis damyarebul procesSi 
fiqsirebuli  dawnevebis  Sefasebisa da prognozirebis Sesabamisad 
  

 

      wyalmomaragebis sistemebSi momxmarebelTa mier damyarebuli  

wyliT uzrunvelyofis arastacionaluri xasiaTis teqnologiuri 

procesis, realuri drois Sesabamisad, operatiul-sadispeCero marTvis 

gadawyvetilebebis  miRebis  problemis gadasaWrelad SeiZleba Semdegi 

literaturuli wyaroebis gamoyeneba [13,15,17,21,22,23,30, 31,32,33,34,35]. 

 

 operatiul-sadispetCero marTvis  kompiuteruli  programis  blok-sqema  

Sesabamisi aRweriT moyvanilia nax.5 -ze: 
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დასაწყისი
 

 

 

 

კარგიცუდი 

H1=H         ;  H2=H 
ფაქტ.                        ფაქტ. 

 

H1, H2 

A=({{1,H1}, {1,H2}}); 
B={1.5; -0.0456} 

S=LinearSolve [A,B] 

         S={S1, S2 } 

d[H_]: =Exp [-Exp[-S [[1]] – S [[2]] *H ]] 

d[H1], d[H2] 
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S1=-log [Log[1/d[H1]]] 
S2=-Log [Log [1/d[H2]] 

{S1,S2} 

→ 
A=({{1,H1}, {1,H2}); B ={b1 ,b2} 

 
S=LinerSolve [A,B] 

S={S1, S2} 

Plot [d[H] , {H,10, 70}] 

დასასრული 
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bloki 2 _ H1, H2_sawyisi monacemebisSetana, sadac ik

faqtHH arg
.1 = , 

cudi
faqtHH .2 =  

 bloki 3 -H1, H2beWdva.  
 

 bloki 4 _ wrfiv algebrul gantolebaTa sistemis Sedgena, sadac B 

B _ sistemis marjvena mxarea, A _ ucnobebis koeficientebis mier 

Sedgenili matricaa, romelSic Sedis ik
faqtHH arg

.1 = , cudi
faqtHH .2 = , xolo 

{ }21 , SSS = ucnobebia. 

 

 bloki 5 _ wrfiv gantolebaTa sistemis amoxsna S1 da S2_ ucnobebis 

mimarT. 

 

 bloki 6 _  S1S2amonaxsnebis beWdva. 

 

 bloki 7 _ modelis ZiriTadi-funqciis gansazRvra (analizuri 

saxiT Cawera). 

 

 bloki _ 8 d[H] _ funqciis mniSvnelobebis gamoTvla H1, da H2 _ 

argumentis mniSvnelobisTvis da beWdva 

 

bloki 9_13 zogadi modelis Semowmeba. 

kerZod: 

 

bloki _ 9 S1 da S2-is gamoTvla _ d[H1] da  d[H2] parametrebis 

gamoyenebiT; 

 

bloki _ 10 _ S1 da S2-is mniSvnelobebis beWdva; 

 

bloki _ 11 axali wrfivi gantolebis sistemis Sedgena; 

 

bloki _ 12 axali sistemis amoxsna; 
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bloki _ 13 axali sistemebis amonaxsnis beWdva; 

 

bloki _ 14 xarisxobrivi Sefasebis funqciis d[H]–is ageba 

 

 

Tavi 4. wyalmomaragebis sistemSi, realuri drois Sesabamisad, 
momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 
arastacionaluri xasiaTis teqnologiuri procesis 
saimedoobis donis amaRlebis sakiTxebi 
 
      momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 

teqnologiuri procesis normaluri (moTxovnili) donis SenarCuneba 

realuri drois masStabSi warmoadgens wyalmomaragebis sistemis 

ZiriTad funqcias. am amocanis Sesasruleblad, mobilizirebulia misi 

mdgeni teqnikuri elementebi (wyalmimRebebi, gamwmendi sadgurebi, satumbi 

sadgurebi, rezervuarebi, wyaldenebi da a.S.) da maTi momsaxure 

personalis saqmianoba (SevniSnavT, rom realuri drois masStabSi 

wyalmomaragebis sistemis eqspluatacia aucileblad moiTxovs 

kvalificiuri momsaxure personalis dasaqmebasa da maT mier funqciur 

elementebze Sesabamisi zedamxedvelobis ganxorcielebas). amasTan 

dasaqmebuli specialistebis frofesionaluri mcdelobebi damyarebuli 

eqspluataciis procesSi nebismier situaciur mdgomareobaSi mimarTulia 

momxmarebelTa mier damyarebuli wyliT uzrunvelyofis procesis  

normaluri msvlelobisa da misi muSaobis reJimis riTmulobis 

SenarCunebasTan  (maT Soris, araerTgvarovan avariul an winaavariul 

situaciebSi) - swored aRniSnuli garemoebani ganapirobebs wylis 

miwodebisa da ganawilebis sqemebisa da mTlianad wyalmomaragebis 

sistemis fumqcionirebis xarisxis situaciur daxasiaTebas [14,34,35]. 
 

      aRsaniSnavia, rom SeuZlebelia winaswar ganisazRvros 

momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 

arastacionaluri xasiaTis teqnologiuri procesis mdgomareoba masze 

moqmedi dominirebuli Sida da gare faqtorebis qaoturi zemoqmedebis 

gamo. amitom wyalmomaragebis sistemebSi momxmarebelTa mier 
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damyarebuli wyliT uzrunvelyofis teqnologiur process aqvs 

„bundovani“ (aramkveTri) da rTuli, umarTavi xasiaTi. amasTan 

gansakuTrebuli problemebi warmoiSveba operatiul-sadispetCero 

subieqturi marTviTi gadawyvetilebebis SerCevisas, romlebic Tavis 

mxriv aseve xasiaTdebian fiqsirebuli situaciebis gansazRvrebaTa 

bundovanobiT. es SeiZleba imiT aixsnas, rom momxmarebelTa mier 

damyarebuli wyliT uzrunvelyofis teqnologiuri  procesi, rogorc 

aseTi, ar eqvemdebareba pirdapir Sefasebas romelime erTi fizikuri 

parametriT, am procesze SeiZleba arapirdapiri dakvirvebis moxdena da 

vizualuri analizis wamroeba. konkretuli situaciis pirobebSi 

momsaxure personali aanalizebs sistemisa da misi calkeuli 

elementisgan miRebul informacias: realurad ganxorcielebul xarjebs, 

Cavardnebs, avariebTan dakavSirebul SemTxvevebs da agreTve im adamianTa 

mmarTvelobiT qmedebebTan dakavSirebul monacemTa damuSavebas, 

romlebic sargebloben arapirdapiri, magram gamocdilebis aqtiuri 

maCvenebliT - wyliT uzrunvelyofis procesis xarisxis mdgomareobis 

Sesafaseblad, sistemis romelime qvejgufebSi. aseTi maCvenebeli  

SeiZleba iyos dawnevis fiqsirebuli sidideebi, romlebic izomeba 

qselis sivrciT sakvanZo-maxasiaTebel  wertilebSi da sxva  moqmed 

funqciur elementebSi (rezervuarebSi wylis dgomis simaRle, satumbo 

sadgurebis mier ganviTarebuli dawneva da sxva). eqsploataciis 

tradiciuli meTodebiT TiToeuli dakvirvebis wertilis ganlageba unda 

asaxavdes mocemul regionSi momxmarebelTa SesaZlo dakmayofilebis 

donis obieqtur suraTs an is SeiZleba gamoyenebul iqnas rogorc moqmed 

sistemaSi mdgomareobis dasaSvebobis maCvenebeli. momxmarebelTa wyliT 

uzrunvelyofis xarisxis Sefasebis moxerxebulobisTvis sxvadasxva 

regionSi, saWiroa mmarTvelobiTi gadawyvetilebebis miRebis procesis 

organizeba.  
 

       sayuradRebo iqneba moqmedi wyalmomaragebis sistemis magaliTze q. 

zelenogradi (ruseTi), romelic funqcionirebs marTvis avtomatizebuli 

sistemis pirobebSi,  davaxasiaToT misi funqcionirebisa da 

momxmarebelTa mier damyarebuli wyliT uzrunvelyofis teqnologiuri 

procesis normaluri msvlelobis dinamikis suraTi operatiul-
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sadispetCero marTvis procesSi realuri drois Sesabamisad [10,11,12,15,19]. 

am sistemaSi, Sesabamisi teqnikuri saSualebebis, komunikaciebisa da 

avtomatizaciis arsebobis SemTxvevaSi, SesaZlebelia qselis sakarnaxo-

maxasiaTebel kvanZebSi dawnevis centralizebuli regulireba  

decimetrebis farglebSi da aseve funqcionaluri elementebis muSaobis 

reJimebis koreqtireba sakmaod viwro diapazonSi (aseve decimetrebSi). 
 

     wyalmomaragebis sistemebisTvis, rogorc droiT-sivrciT 

ganawilebiTi sistemebisTvis, problemis gadawyvetisas momxmarebelTa 

wyalmomaragebis donis saimedoobisa da efeqturobis asamaRleblad, 

tradiciuli aparatebis garda (albaTobis da sistemuri Teori midgomis), 

saWiroa aseve damatebiT iqnas moziduli ukve araklasificirebuli 

Teoriuli meTodebis analizis sxva formaluri aparatebi (arazust 

simravleTa da SesaZleblobaTa Teoria, romelic SeimuSava amerikelma 

mecnierma l. zadem da disonansebis Teoriebi, romlebic wamoayena 

cnobilma qarTvelma fsiqologma d. uznaZem) [15]. analizis 

SemoTavazebuli instrumentebi gankuTvnilia „adamianis msgavsi“ 

inteleqtualuri subieqturi mosazrebebis da motivaciis marTvis 

procesebis imitirebisTvis, romelic nakarnaxebia subieqturi 

mosazrebebis imitaciis aucileblobiT motivebis warmoSobis, azrTa da 

mizanTa warmoSobis procesebSi, rac gansakuTrebiT mniSvnelovania 

adamianis inteleqtualuri gadawyvettilebebis mxardaWeris saSualebis 

saxiT kompiuterTan misi dialogis procesSi. 
 

     amgvarad, dasaxuli problemis sruli gadawyvetisaTvis gamoiyeneba 

Tanamedrove informaciis rogorc araformaluri, ise - formaluri 

Teoriuli meTodebi. am meTodebis gamoyenebis safuZvelze, SesaZlebeli 

xdeba gadawyvetilebis miReba araerTgvarovan naxevradempiriul 

amocanasTan dakavSirebiT, aseve momxmarebelTa wyalmomaragebis 

kvazistoqastikuri procesis efeqturi kontroli, saimedoobis donis 

amaRlebis pirobebisa da saerTo efeqturobis pirobebSi. 
 

      wyalmomaragebis realuri sistemebis momxmarebelTa mier 

damyarebuli wyliT uzrunvelyofis teqnologiuri procesis 

saimedoobisa da efeqturobis donis amaRlebis dasaxuli problemis 

farglebSi,  unda gadawydes amocanaTa Semdegi kompleqsi: 
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 *gamokvleul iqnas mmarTvelobiTi gadawyvetilebebis miRebis 

mxardamWeri inteleqtualuri „mrCeveli“ sistemebis gamoyenebis 

SesaZlebloba wyalmomaragebis rTul inJinerul sistemebSi; 

 

 *SemuSavebul iqnas wyalmomaragebis sistemebis momxmarebelTa 

wylis miwodebis procesis operatiuli kontrolis modelirebisa da 

SerCevis strategiebis teqnologia; 

 *moxdes momxmarebelTa wyliT uzrunvelyofis diagnostikur-

mmarTvelobiTi saeqsperto inteleqtualuri sistemebis SemuSaveba da 

danergva; 

 

 *SemuSavebul iqnas wyalmomaragebis sistemebis (wylis miwodebis 

qselis,  satumbi sadgurebis, rezervuarebisa da a.S.) elementebis 

funqcionirebis xarisxis, efeqturobisa da TviTSeTanxmebulobis kvlevis 

eqperimentaluri meTodebi. 

 

        dReisaTvis xelovnuri inteleqtis gamoyenebiTi sistemebi da 

marTvis inteleqtualuri sistemebis safuZvlebis agebis axali midgomebi 

[1, 2] wyalmomaragebis sistemebis momxarebelTa wyliT uzrunvelyofis 

donis saimedoobisa da efeqturobis amaRlebasTan dakavSirebul 

amocanaTa dasaxuli kompleqsis gadawyvetis saSualebas iZleva, ris 

TvalsaCino nimuSsac warmoadgens wyalmomaragebis warmatebiT 

funqcionirebadi sistema qalaq zelenogradSi. 
 

       sayuradReboa aRweril iqnas  q. zelenogradis wyalmomaragebis 

sistema, romelic rogorc aRvniSneT funqcionirebs marTvis 

avtomatizebuli sisteis pirobebSi. aq wyalmomaragebis sistema  Sedgeba 

cxra wyalgamtari kvanZisgan, romlebic wyals arteziuli Webidan iReben 

da awvdian erTian wriul qsels. sistema muSaobs principiT „satumbi 

sadguri - momxmarebeli“, romelic xorcieldeba teqnologiuri procesis 

marTvis avtomatizirebuli sistemis operatiul-sadispetCero farglebSi. 

am sistemaSi erTiani teqnologiuri procesis marTva Semdegnairad  

xorcieldeba [15]: 
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 *arsebuli gadamwodebis sistemiT sruldeba wnevis kontroli 

sistemis aT maxasiaTebel wertilSi da xarjis kontroli satumbi 

sadgurebis gamosasvlelebSi; 

 

 *sistmaSi wylis miwodeba satumbi sadgurebisTvis regulireba; 

 

 *sadispetCeroSi sruldeba mTlian qalaqisTvis teqnikur-

ekonomikuri mCveneblebis gaangariSeba (eleqtroenergiis kuTri 

moxmareba, erT macxovrebelze wylis kuTri moxmareba dRe-Ramis 

ganmavlobaSi). 

 

 *Sedegad, q. zelenogradis magaliTze [15,19], dasturdeba  

wyalmomaragebis sistemis funqcionirebis xarisxis saimedoobisa da 

efeqturobis amaRlebis SesaZlebloba momxmarebelTa mier damyarebuli 

wyliT uzrunvelyofis arastacionaluri xasiaTis teqnologiuri 

procesis msvlelobis pirobebSi. am sistemis dadebiTi gamocdileba 

SeiZleba dainergos saqarTvelos qalaqebis (Tbilisi, baTumi da sxva) 

praqtikaSi, maTSi avtomatizebuli marTvis sistemis ganxorcielebis 

SemTxvevaSi. 
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4.1. saeqsperto Sefasebebis safuZvelze wyalmomaragebis 

avtomatizebuli  marTvis  sistemis efeqtureobis kvleva  

 

       wyalmomaragebis marTvis Tanamedrove avtomatizebuli sistemebi 

unda akmayofilebdes moTxovnaTa mTel kompleqss, romlebic xSirad 

erTmaneTs ewinaaRmdegeba. amasTan, warmoiSva kvlevis qveS arsebuli 

sistemebis wamoyenebul moTxovnebTan  [9,13,22,25,27,31]  Sesabamisobis  

donis  kompleqsuri Sefasebis meTodebis SemuSavebis aucilebloba. 

      amgvari Sefasebebi gansakuTrebul mniSvnelobas iZens 

wyalmomaragebis avtomatizebuli marTvis sistemebis kvlevis etapze, 

radgan swored saangariSo monacemebis analizi iZleva moqmedi 

sistemebis funqcionirebis im variantebis SerCevis saSualebas, romlebic 

uzrunvelyofen eqspluataciis procesSi micemuli funqciebis 

maqsimalurad da efeqturad Sesrulebas [1,2]. 

       sistemis Tvisebebis  zogadi daxasiaTebisTvis gamoiyeneba 

efeqturobis  cneba. sistemis efeqturobis qveS igulisxmeba dasaxuli 

amocanebis Sesasruleblad. maxasiaTebeli  Tvisebebis mTlianoba, 

romelic  sistemis  morgebulobis dones afasebs gansazRvruli formiT. 

wyalmomaragebis avtomatizebuli marTvis sistemebis funqcionirebis 

efeqturoba umetes SemTxvevaSi xasiaTdeba raomdenime maCvenebliT, 

kerZod [9, 15]: 

 

 *sistemis efeqturoba ganixilavs Tvisebebis faqtiur 

erToblivobas, romelTagan TiToeuli xasiaTdeba efeqturobis sakuTari 

maxasiaTeblebiT; 

 

 *wyalmomaragebis didi da rTuli avtomatizebuli marTvis 

sistemebi cakle qvesistemebisgan Sedgeba, amasTan nebismieri amaTgani 

fasdeba efeqturobis gansazRvruli maCveneblebiT; 

 

 *rogorc wesi, wyalmomaragebis avtomatizebuli marTvis sistemebi 

sxvadasxva reJimebSi muSaoben, romlebic Sesabamisad marTvis sxvadasxva 
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xasiaTis amocanebs xsnian. amasTan TiToeuli am reJimTagani xasiaTdeba 

efeqturobis sakuTari maCveneblebiT. 

       aRniSnul qveTavSi warmovadgenT efeqturobis maCveneblebs 

gansazvruli funqcionalebis formiT, romlebic damokidebulia sakvlevi 

parametrebis mniSvnelobebze. amasTan, sistemis parametrebis qveS 

moiazreba parametrebi, romlebic axasiaTeben calke elementebisa da 

mTlianad sistemis funqcionirebis xarisxs - saimedoobas, Rirebulebas, 

wonas, gabaritebs, energomoxmarebasa da sxva Tvisebebs. igive jgufs 

ganekuTvneba programuli da sainformacio uzrunvelyofis sxvadasxva 

raodenobrivi maxasiaTeblebi. 

        marTvis avtomatizebuli sistemis parametrebis maCveneblebis 

erToblioba avRniSnoT qi-ით (i=1,2,…,n)da mas SeusabamoT n-

ganzomilebiani  sivrcis  Sesabamisi  wertili. aSkaraa, rom miTiTebuli 

garemoebebis gamo, saWiroa mocemuli parametrebis (q1,q2...qn)mniSvnelobaTa 

erToblioba ganvixiloT, rogorc n-ganzomilebiani SemTxveviTi veqtori 

q. am veqtoris koordinatebs SeuZliaT miiRon iseTi mniSvnelobebi QQ-s 

simravlis raime aredan, romlebic ganisazRvreba utolobebiT: 

 

qimin≤ qi≤ qimax,     i=1,2,…,n 

 

        Tu  gaviTvaliswinebT, rom  sistemis sturqtura mocemulia, 

maSin  Эp-s efeqtuorbis maCveneblebi SeiZleba warmodgenil iqnas qi 

funqciebis  parametrebis saxiT , anu 

 

Эp = fq (q1,q2,...,qn),  p =1,2,…, m 

 

        Sesabamisad, Э1, Э2,…,  Эp, …, Эm  mniSvnelobaTa mTlianoba ganxilul 

unda iqnas, rogorc m sistemis sidide, an rogorc m-ganzomilebiani 

veqtori, romelic ganisazRvreba raime struqturis wyalmomaragebis 

avtomatizebuli marTvis sistemis SemTxvevaSi. 

         wyalmomaragebis sxvadasxva avtomatizebuli marTvis sistemis 

efeqturobis kriteriumebis safuZvelze gadawyvetilebebis SerCeva 

SeiZleba ganxorcieldes avtomaturad marTvadi sistemebiT, calke 
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pirebis an adaminianTa jgufebis mier, aseve adamianisa da marTvis 

mowyobilobebis mier (sistema: adamiani-manqana), romlebic erTiandebian 

da moisazrebian wyalmomaragebis avtomatizebuli marTvis  sistemaSi. 

      aq SeiZleba gamoyenebul iqnas: efeqturobis pirobiTi kriteriumebi 

-mkacri prioritetis principze  dafuZnebuli kriteriumebi, romlebic 

efuZneba moqnili prioritetis princips da sxv. efeqturobis yvela es 

kriteriumi garkveuli zomiT subieqturia da maTi SerCevisa da 

formulirebisas daSvebulia gansazRvruli subieqturi midgoma. amasTan, 

pirobiTi kriteriumebis dasabuTeba, da aseve efeqturobis 

ganzogadebuli maCveneblebis SerCeva, umetes SemTxvevaSi, xdeba 

saeqsperto Sefasebebis safuZvelze, romlebic eqspertTa erTi jgufis an 

ramodenime  jgufis gamokiTxvis Sedegebis monacemTa damuSavebis gziT 

miiReba.  

       eqspertTa poziciebis SeTanxmebis tradiciul meTods warmoadgens 

diskusiis Catareba, romlis Sedegadac SemuSavdeba gadawyvetilebaTa 

miRebis saerTo azri. amasTan, amgvar midgomas mTeli rigi xarvezebi 

axasiaTebs. magaliTad, ama Tu im gadawyvetilebis miReba umetes 

SemTxvevaSi aixsneba calke eqspertebis msjelobis damajereblobiT- 

imiT, rom  maT ar aqvT survili uari Tqvan adre gamoTqmul mosazrebaze 

da aseve rigi sxva fsiqologiuri faqtoriT. 

        delfis meTods ar gaaCnia amgvari xarvezebi. is gulisxmobs 

gamokiTxvaTa saguldagulod SemuSavebuli programebis ganxorcielebas, 

romlebic umetes SemTxvevebSi tardeba anketebis gamoyenebiT [15 ]. da 

bolos, unda aRiniSnos, rom wyalmomaragebis avtomatizebuli marTvis 

sistemebis efeqturobis kvleva eqspertebis daskvnebis  safuZvelze  

mizanSewonilia  ama Tu im meTodis gamoyenebiT, romlebic moicavs  da 

emyareba Э1, Эj, .... Эnsistemebis efeqturobis maCvenebelTa 

erToblivobas.Sedegebi d maTi gansja 
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5. Sedegebi da maTi gansja 

 
 
      wyalmomaragebis sistema unda daeqvemdebaros marTvis iseT 

strategias, romelic orientirebuli iqneba sistemur-logistikuri 

marTvis Tanamedrove teqnologiebisa da meTodologiuri midgomebis 

gamoyenebasze. kerZod, aseT SemTxvevaSi wyalmomaragebis moqmedi 

sistemebis  efeqturi funqcionireba daemyareba rogorc erTiani 

logistikuri organizaciis sameurneo-saabonento-servisuli  xasiaTis 

amocanebis, aseve realuri drois Sesabamisad momxmarebelTa mier 

damyarebuli wyliT uzrunvelyofis normaluri teqnologiuri procesis 

SenarCunebas operatiul-sadispetCero marTvis pirobebSi [15,19]. 
 

       aRniSnul konteqstSi wyalmomaragebis moqmed sistemebSi sistemur-

logistikuri organizaciis meTodologiuri midgomis aspeqtebis 

gamoyeneba gamiznulia   Tavad wyalmomaragebis sistemis operatiul-

sadispetCero marTvis efeqtur organizaciasTan kompiuteris gamoyenebasa 

da momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 

teqnologiuri procesis SenarCunebisTvis, rac Sedegad,  realuri drois 

Sesabamisad, momxmarebelTa  wyliT uzrunvelyofis normaluri procesis 

msvleloba-SenarCunebis garantias iZleva. 
 

 wyalmomaragebis sistema (ise rogorc sxva  nebismieri teqnikuri 

sistema) im struqturiT xasiaTdeba, romelic mis calkeul elementebs 

Soris damokidebulebebsa da kavSirebs ganapirobebs. am sistemis 

elementebs Soris stuqturiT SeTaxmebuli funqcionireba qmnis 

miznobriv process - es aris sistemis funqcionirebis procesi. rogorc 

wesi, teqnikuri sistemis (da misi elementebis) funqcionireba drois 

mocemul [0,T] intervalSi raime saboloo miznis miRweviskenaa 

mimarTuli. mocemuli miznis miRwevis warmatebuloba (efeqturoba) 

umetes wilad damokidebulia ori ZiriTadi amocanis swor gadawyvetaze: 

sistemis organizaciul stuqturasa da elementebis funqcionirebis 

optimaluri reJimebis SerCevaSi [15]. 
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aRniSnuli sistemebi ,,adamiani - manqana“ klasis sistemebs 

miekuTvnebian da misi funqcionirebis yvela aspeqti ar eqvemdebareba 

formalizacias. amitom mocemul qveTavSi ganxiluli iqneba mxolod 

sistemis algoriTmuli modelebi. teqnikuri sistemebi Sedgebian ori 

urTierTdakavSirebuli ZiriTadi nawilisagan: teqnologiuri da 

gadawyvetilebaTa miRebis sistemebi (marTva), romlebic erToblivi 

muSaobis procesSi informaciis nakadebiT  mudmivad axldebian. 
 

aseTi saxis sistemebis optimaluri funqcionireba SeuZlebelia 

marTvis procesis normatiuli algoriTmuli modelebis organizaciis 

gareSe, algoriTmuli sqemebis erTiani simravle, formalizebuli 

procedurebi da wesebi, romlebic teqnologiuri procesis mowesrigebis 

da nebismieri sawyisi mdgomarebidan mis ,,normasTan“ miyvanis saSualebas 

iZleva (e.w. ,,norma“ Seesabameba procesis idealur warmodgenas). norma 

SeiZleba iyos sistemis erTaderTi an SezRuduli simravlis amsaxveli 

mdgomareoba. normatiuli algoriTmuli modeliT marTvis procesis 

yvela Tavisebureba unda iyos asaxuli, romelic dasaxuli miznis 

misaRwevad sistemis yvela elementis funqcionirebas moawesrigebs. 
 

       sistemis Tvisebebis  zogadi daxasiaTebisTvis gamoiyeneba 

efeqturobis  cneba. sistemis efeqturobis qveS igulisxmeba dasaxuli 

amocanebis Sesasruleblad. maxasiaTebeli  Tvisebebis mTlianoba, 

romelic  sistemis  morgebulobis dones afasebs gansazRvruli formiT. 

wyalmomaragebis avtomatizirebuli marTvis sistemebis funqcionirebis 

efeqturoba umetes SemTxvevaSi xasiaTdeba raomdenime maCvenebliT, 

kerZod [15]: 

 

 *sistemis efeqturoba ganixilavs Tvisebebis faqtiur 

erToblivobas, romelTagan TiToeuli xasiaTdeba efeqturobis sakuTari 

maxasiaTeblebiT; 

 

 *wyalmomaragebis didi da rTuli avtomatizebuli marTvis 

sistemebi cakle qvesistemebisgan Sedgeba, amasTan nebismieri amaTgani 

fasdeba efeqturobis gansazRvruli maCveneblebiT; 
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 *rogorc wesi, wyalmomaragebis avtomatizebuli marTvis sistemebi 

sxvadasxva  reJimebSi muSaoben, romlebic Sesabamisad marTvis sxvadasxva  

xasiaTis amocanebs  xsnian. amasTan TiToeuli  am  reJimTagani 

xasiaTdeba efeqturobis sakuTari maCveneblebiT. 

 

      momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 

teqnologiuri procesis normaluri (moTxovnili) donis SenarCuneba 

realuri drois masStabSi warmoadgens wyalmomaragebis sistemis 

ZiriTad funqcias. am amocanis Sesasruleblad, mobilizirebulia misi 

mdgeni teqnikuri elementebi (wyalmimRebebi, gamwmendi sadgurebi, satumbi 

sadgurebi, rezervuarebi, wyaldenebi da a.S.) da maTi momsaxure 

personalis saqmianoba (SevniSnavT, rom realuri drois masStabSi 

wyalmomaragebis sistemis eqspluatacia aucileblad moiTxovs 

kvalificiuri momsaxure personalis dasaqmebasa da maT mier funqciur 

elementebze Sesabamisi zedamxedvelobis ganxorcielebas). amasTan 

dasaqmebuli specialistebis frofesionaluri mcdelobebi damyarebuli 

eqspluataciis procesSi nebismier situaciur mdgomareobaSi mimarTulia 

momxmarebelTa mier damyarebuli wyliT uzrunvelyofis procesis  

normaluri msvlelobisa da misi muSaobis reJimis riTmulobis 

SenarCunebasTan  (maT Soris, araerTgvarovan avariul an winaavariul 

situaciebSi) - swored aRniSnuli garemoebani ganapirobebs wylis 

miwodebisa da ganawilebis sqemebisa da mTlianad wyalmomaragebis 

sistemis fumqcionirebis xarisxis situaciur daxasiaTebas. 
 

      aRsaniSnavia, rom SeuZlebelia winaswar ganisazRvros 

momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 

arastacionaluri xasiaTis teqnologiuri procesis mdgomareoba masze 

moqmedi dominirebuli Sida da gare faqtorebis qaoturi zemoqmedebis 

gamo. amitom wyalmomaragebis sistemebSi momxmarebelTa mier 

damyarebuli wyliT uzrunvelyofis teqnologiur process aqvs 

„bundovani“ (aramkveTri) da rTuli, umarTavi xasiaTi. amasTan 

gansakuTrebuli problemebi warmoiSveba operatiul-sadispetCero 

subieqturi marTviTi gadawyvetilebebis SerCevisas, romlebic Tavis 

mxriv aseve xasiaTdebian fiqsirebuli situaciebis gansazRvrebaTa 

57 
 



bundovanobiT. es SeiZleba imiT aixsnas, rom momxmarebelTa mier 

damyarebuli wyliT uzrunvelyofis teqnologiuri  procesi, rogorc 

aseTi, ar eqvemdebareba pirdapir Sefasebas romelime erTi fizikuri 

parametriT, am procesze SeiZleba arapirdapiri dakvirvebis moxdena da 

vizualuri analizis wamroeba. konkretuli situaciis pirobebSi 

momsaxure personali aanalizebs sistemisa da misi calkeuli 

elementisgan miRebul informacias: realurad ganxorcielebul xarjebs, 

Cavardnebs, avariebTan dakavSirebul SemTxvevebs da agreTve im adamianTa 

mmarTvelobiT qmedebebTan dakavSirebul monacemTa damuSavebas, 

romlebic sargebloben arapirdapiri, magram gamocdilebis aqtiuri 

maCvenebliT - wyliT uzrunvelyofis procesis xarisxis mdgomareobis 

Sesafaseblad, sistemis romelime qvejgufebSi. aseTi maCvenebeli  

SeiZleba iyos dawnevis fiqsirebuli sidideebi, romlebic izomeba 

qselis sivrciT sakvanZo-maxasiaTebel  wertilebSi da sxva  moqmed 

funqciur elementebSi (rezervuarebSi wylis dgomis simaRle, satumbo 

sadgurebis mier ganviTarebuli dawneva da sxva). eqsploataciis 

tradiciuli meTodebiT TiToeuli dakvirvebis wertilis ganlageba unda 

asaxavdes mocemul regionSi momxmarebelTa SesaZlo dakmayofilebis 

donis obieqtur suraTs an is SeiZleba gamoyenebul iqnas rogorc moqmed 

sistemaSi mdgomareobis dasaSvebobis maCvenebeli. momxmarebelTa wyliT 

uzrunvelyofis xarisxis Sefasebis moxerxebulobisTvis sxvadasxva 

regionSi, saWiroa mmarTvelobiTi gadawyvetilebebis miRebis procesis 

organizeba [15,30].  
 

wyalmomaragebis marTvis avtomatizebuli sistemis saproeqto 

agebis amocana ganxiluli unda iqnas avtomatizaciis sistemuri 

SesaZleblobebis poziciidan gamomdinare: 

 

 *eqspertuli  gadawyvetilebebis miRebis gziT gaTvaliswinebul 

iqnas  adamianis SesaZlebloba da amiT amaRldes sistemis 

funqcionirebis efeqturoba da xarisxi; 
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 *Camoyalibebuli codnis safuZvlis gamoyenebiT daCqardes efeqtur 

gadawyvetilebaTa miRebis perspeqtiuli (swori) gzebis gamovlena da 

maTi drouli realizacia. 

 

 *amrigad, SesaZlebeli gaxdeba sakvlev mravalkriteriul amocanaSi 

mravali kriteriumis "Sekvra" erT globalur kriteriumad, risi miRwevac 

ara marto mecnierebaa, aramed-garkveuli xelovnebac  (g. pospelovi-

programul-miznobrivi dagegmva da marTva). 

 

rogorc cnobilia, wyalmomaragebis sistemebSi momxmarebelTa 

wyliT uzrunvelyofis procesi icvleba drosa da sivrceSi da 

xasiaTdeba garkveuli arastacionarulobiT. amasTan dakavSirebiT, 

realuri drois masStabSi, operatiul- sadispetCero marTvis 

ganxorcieleba rTuli sainJinro da Znelad formalizebadi amocanaa. 

amocanis sirTules isic ganapirobebs, rom wyalmomaragebis sistemaSi 

damyarebuli wyliT moxmarebis reJimis, anu momxmarebelTa wyliT 

uzrunvelyofis procesis cvalebadoba winaswar cnobili ar aris. wylis 

momxmareblebi Tavad ayeneben moTxovnas wylis xarjvaze, romelic 

mkveTrad icvleba wlis sezonebis, kviris dReebis da dRe-Ramis saaTebis 

mixedviT. magaliTad, dRe-Ramis ganakveTSi wylis moxmarebis 

eqstremaluri mniSvnelobebi fiqsirdeba dilis da saRamos e.w. `pik~ 

periodebSi [15]. 
 

 wyliT uzrunvelyofis normaluri mdgomareobis uzrunvelyofisa 

da droSi SenarCunebis mizniT saWiroa Sesabamisi  marTvis  

gadawyvetilebebis miReba. realuri drois masStabSi  operatiuli  

marTvis ganxorcielebis mizniT, rogorc naSromSia rekomendebuli, 

gamoyenebuli unda iqnas sistemis moqmedi elementi nagebobebis 

(wyalmimRebi, satumbi sadgurebi, rezervuarebi da ZiriTadi manawilebeli 

qseli) funqcionirebis Sesaxeb `ukukavSirebis~ informacia. 

`ukukavSirebis~ procesSi umTavresia is informacia, romelic efuZneba 

manawilebel qselSi dakvirvebuli piezometruli dawnevebis  

ganawilebas da  romelic mimdinare droSi fiqsirdeba sadispetCero 

samsaxuris pultSi. am SemTxvevaSi operatiul-sadispetCero marTvis  
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efeqturad warmarTvis mizniT ZiriTadad gamoyenebuli unda iqnas 

manawilebeli qselis sakontrolo-maxasiaTebel wertilebSi 

piezometruli dawnevebis mixedviT Sedgenili deskrifciuli tipis 

modelebi [15]. 
 

SemoTavazebuli sistemuri meTodologiis Tanaxmad, sadisertacio 

naSromis mizani da kvlevis amocana emyareba efeqturi operatiul-

sadispetCero marTvis ganxorcielebis realuri drois masStabSi 

damyarebuli wyliT uzrunvelyofis procesis Sesabamisad. am SemTxvevaSi 

realuri wyalmomaragebis sistema (wylis miwodebis da ganawilebis 

sistema) Sedgenilia garkveuli  element-nagebobebiT da maTi erToblivi 

moqmedebis reglamentic  cnobilia. amave dros, realuri situaciis 

mixedviT sistemis funqcionireba SeiZleba Seesabamebodes sxvadasxva 

saproeqto funqcionirebis  xarisxs, kerZod: 

 

 *sistema  ver akmayofilebs  moTxovnil miznebs; 

 

 *sistema  ver uzrunvelyofs saprognozo  Sedegebs; 

 

 *sistema ver funqcionirebs ise, rogorc es Tavdapirvelad  iyo  

dagegmili. 

 

CamoTvlil situaciur mdgomareobaTa gamosakvlevad 

SemoTavazebul meTodologiaSi gamoyenebulia daproeqtebis ,,sistemuri 

paradigmis” midgoma, romelic xorcieldeba e.w. ,,introspeqciis gziT”. es 

niSnavs, rom drois mocemul momentSi wyalmomaragebis moqmedi sistemis 

funqcionirebis xarisxis dadgenisaTvis vsazRvravT sistemis calkeuli 

Semadgeneli elementis (an elementTa erTobliobis) maxasiaTebeli 

parametrebis sidides da winaswar Sedgenili deskrifciuli modelebis 

bazis Sesabamisad viRebT operatiuli marTvis efeqtur gadawyvetilebebs 

gansaxorcieleblad. aqve aRsaniSnavia, rom situaciur mdgomareobaTa 

daproeqtebis introspeqciis midgomiT SesaZlebelia ganisazRvros drois 

mocemul momentSi damyarebuli wyliT uzrunvelyofis normaluri an 

gadaxrili `mdgomareobis veqtori~, Sesabamis moqmed elementTa 
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funqcionirebis `aqtiuri reJimebi~, romlebic uzrunvelyofen 

momxmarebelTa wylis moxmarebis moTxovnil reJims. aRniSnulis 

gansaxorcieleblad mizanSewonili iqneba e.w. azrobrivi `aqtiuri 

eqsperimentebis~ Catareba  Cven mier winaswar Sedgenili deskrifciuli 

modelebis gamoyenebiT. es saSualebas mogvcems, xelovnurad CavataroT 

azrobrivi `aqtiuri eqsperimentebi~  manamde, sanam ar mivaRwevT 

manawilebel qselsa da sistemis  sxva elementSi teqnologiuri  

parametrebis sasurvel mdgomareobas. aq umTavresi isaa, rom sistemis 

sasurveli mdgomareoba miRweul  iqnas e.w. ,,dabalansebis” principis 

aucilebeli dacviT, kerZod, operatiuli marTvis pirobebSi, 

uzrunvelyofil  iqnas wylis miwodebisa da ganawilebis sistemis 

funqciur sqemebSi teqnologiuri parametrebis (dawnevebis, 

rezervuarebSi wylis dgomis simaRleebis da sxv.) SenarCuneba iseTi 

diapazonis farglebSi, rom ar dairRves momxmarebelTa normaluri 

(Seuferxebeli) wyliT uzrunvelyofa drois nebismier momentSi. 

praqtikulad es imas niSnavs, rom drois mocemul momentSi mowodebuli 

wylis xarji toli unda iyos momxmarebelTa mier daxarjuli wylis 

moculobisa. Tu aRvniSnavT, rom momxmarebeli Tavad ayalibebs 

moTxovnas wyalze, cxadi xdeba dasmuli amocanis gadawyvetis rogorc 

maTematikuri gadawyveta, aseve praqtikulad misi ganxorcieleba drois 

mocemuli momentis Sesabamisad. 
 

SemoTavazebuli sistemur  meTodologia rogorc pasiuri, aseve 

aqtiuri eqsperimentebis SemTxvevaSi (ix. blok-sqema, nax. 10 ). zogadad 

misaRebia rogorc wyalmomaragebis Cveulebriv pirobebSi moqmedi 

sistemebisaTvis, aseve wyalmomaragebis sistemebisaTvis, romlebic 

funqcionireben marTvis avtomatizebuli sistemis pirobebSi. 
 

wyalmomaragebis  Cveulebriv pirobebSi funqcionirebis dros 

Semdgeni elementebi funqcionireben operatiul- sadispetCero 

personalis intuiciisa da gamocdilebis mixedviT  anu  pasiuri 

elementebis Sesabamisad. am SemTxvevaSi gamoricxulia sistemis momuSave 

elementebis efeqturi  reJimi, amasTan,  dispetCeri operatiuli marTvis 

procesSi mimarTavs  e.w. `pasiur eqsperiments~ `mosinjva - Secdomis~ 

principis Sesabamisad. sul sxva mdgomareoba fiqsirdeba marTvis 
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atomatizebuli sistemis funqcionirebis pirobebSi.  am SemTxvevaSi 

dispetCeri drois raime momentSi iRebs informacias sistemaSi moqmedi  

elementebis funqcionirebis Sesaxeb-atarebs e.w. `aqtiur 

eqsperimentirebas~- gamoricxavs intuiciuri marTvis SesaZleblobas. 
 

wyalmomaragebis sistemis marTvis avtomatizebuli sistemis 

funqcionirebis pirobebSi SesaZlebelia sistemis Semadgeneli 

elementebidan gadamwodebiT miRebuli informacia damuSavdes 

sakontrolo-maxasiaTebeli wertilebisaTvis winaswar Sedgenili 

deskrifciuli modelebis bazaze da Sesabamisad, miRebul iqnas 

operatiuli marTvis gadawyvetileba rogorc calkeulad aRebuli 

elementebisaTvis, aseve elementTa erTobliobisaTvis. Sedgenili 

deskrifciuli modelebiT SesaZlebelia Sedges operatiuli marTvis 

instrumentuli baza, romelic realizebuli iqneba sadispetCeros 

kompiuteris saSualebiT. 
 

wyalmomaragebis sistemis operatiul-sadispetCero  marTvis 

procesi “pasiuri” da “aqtiuri eqsperimentebis” Catarebis SemTxvevaSi 

moyvanilia blok-sqemaze (nax.5). 
 

mocemul konteqstSi mniSvnelovania avtomatizebuli sistemis 

saproeqto ageba (es garemoeba gansakuTrebul mniSvnelobas iZens wina 

saproeqto stadiaSi). am amocanis gadawyveta moiTxovs sistemur-

logistkur da marTvis avtomatizacias, samecniero-meTodologiuri 

midgomebis aqtiur gamoyenebas. es rTuli amocana, Tavis mxriv, moiTxovs 

agreTve manqanuri maTematikuri gadawyvetilebisa da adamianis 

SesaZleblobebis mkveTr gamijvnas. es ki SesaZlebelia ganxorcieldes 

sakvlev sistemaSi marTvis konturebis daxmarebiT. Cveni SexedulebebiT, 

es SesaZlebelia ganxorcieldes daproeqtebis stadiaSi (agreTve wina 

saproeqto etapzec) marTvis sami konturis parametrebis gamoyenebiT:  

teqnikuri (sistemis maxasiaTeblebi), droiTi (samuSao vadebi da 

xangrZlivoba), resursuli (SromiTi, safinanso, materialuri). 

SemoTavazebuli formiT marTva arsebiTad unda ganxorcieldes am 

parametrebze dayrdnobiT.  
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6. daskvna 
 
      sistemur-logistikuri organizaciis midgomis gamoyenebiT 

SemuSavebulia wyalmomaragebis moqmedi sistemebis efeqturi 

funqcionirebis uzrunvelyofis meTodologia, romelic realuri drois 

Sesabamisad wyalmomaragebis moqmedi  sistemis operatiul-sadispetCero 

marTvis procesSi mimdinare rTuli sainJinro da Znelad formalizebadi 

amocanebis kompleqsuri  gadawyvetis  saSualebas  iZleva  momxarebelTa  

mier  damyarebuli  wyliT uzrunvelyofis arastacionaluri  xasiaTis 

teqnologiuri procesis pirobebSi, kerZod: 

 

     * SemuSavebulia momxmarebelTa mier damyarebuli wyliT 

uzrunvelyofis teqnologiuri procesis cvalebadobis arastacionaluri 

xasiaTis dadgenis erTiani meTodika maTematikuri molodinis, saSualo 

kvadratuli  gadaxrisa da  korelaciuri  funqciis Sesabamisad; 

     * SemuSavebulia wyalmomaragebis moqmedi sistemebis efeqturi 

funqcionirebis sistemur-logistikuri organizaciis meTodologia, 

romelic saSualebas iZleva, realuri drois  Sesabamisad, agebul iqnas 

momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 

arastacionaluri xasiaTis teqnologiuri procesis operatiul-

sadispetCero marTvis gadawyvetilebebis miRebis „damxmare-mrCeveli" 

sainformacio-kompiuteruli sistema; 

* SemuSavebulia wyalmomaragebis moqmedi sistemebSi sainformacio-

logistikuri integrirebuli marTvis gadawyvetilebaTa miRebis 

„damxmare-mrCeveli“ sistemis agebis SesaZlebloba, romelic 

kompleqsurad  uzrunvelyofs rogorc sistemis  sameurneo-saabonento-

servisuli xasiaTis amocanebis, aseve  realuri  drois mixedviT 

mimdinare efeqtur operatiul-sadispetCero marTvis amocanis gadawyvetas 

momxmarebelTa mier damyarebuli wyliT uzrunvelyofis 

arastacionaluri xasiaTis teqnologiuri procesis  Sesabamisad. 

 * miRebuli Sedegebi SeiZleba dainergos saqarTvelos qalaqebis 

wyalmomaragebis moqmed sistemebSi maTi efeqturi funqcionirebis 

uzrunvelyofis mizniT. 
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