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g. janeliZe 

qalaqis wyalmomaragebis maTematikuri modelebi 
reziume 

statiaSi warmodgenilia qalaqis wyalmomaragebis sistemis maTematikuri modelebi. 
marTvis obieqti qselis topologiis didi ganzomilebiT, teqnologiuri sirTuliT da 
agreTve sakmaod didi inerciulobiT xasiaTdeba. sistemis funqcionirebas arTulebs 
avariul situaciaTa sixSire, rac moiTxovs misi likvidaciis mizniT marTvis 
operatiulobas. apriorulad mocemulia qselis hidromagistralebis, rezervuarebis, 
satumbo sadgurebis, milsadenebis, sarqvelebis, manometrebis da sxva komponentebis 
normatiuli mniSvnelobebi. sadReRamiso moTxovnebis dinamika qmnis qalaqis wyliT 
uzrunvelyofis procesis operatiuli marTvis aucileblobas, rac warmoadgens didi 
ganzomilebis, mravalkriteriumian da agreTve mravalparametrul amocanas, romelic 
efuZneba sistemaSi mimdinare sxvadasxva procesis modelirebas. marTvis TvalsazrisiT, 
statiaSi SemuSavebuli yvela modeli sistemis erTian modelur uzrunvelyofas 
warmoadgens.    

sakvanZo sityvebi: wyalmomaragebis sistema, nakadebis ganawileba, hidravlikuri 
modeli. 

 
qalaqis wyalmomaragebis sistema, qselis topologiis didi ganzomilebiTa da 

teqnologiuri sirTuliT, agreTve sakmaod didi inerciulobiT xasiaTdeba. sakiTxs 
arTulebs avariul situaciaTa sixSire da maTi likvidaciis mizniT marTvis 
operatiulobis maRali xarisxi. rac mTavaria, obieqti miekuTvneba sasicocxlo 
mniSvnelobisa da maRali riskis ekologiur klasis obieqtebs, rac kidev ufro amaRlebs 
gamokvlevebisadmi moTxovnebs.  

wylis miwodebis teqnologiuri procesi aerTianebs rig komponentebs (rogoricaa 
didi raodenobis wyalsadeni milebi, rezervuarebi, sarqvelebi, satumbo sadgurebi da 
sxva), romelTa sinqronul muSaobazea damyarebuli momxmarebelTa wyliT uzrunvelyofa. 
miuxedavad imisa, rom msoflios mraval qalaqSi warmatebiT funqcionireben 
wyalmomaragebis marTvis avtomatizebuli sistemebi [1], warmmarTveli roli mainc adamians 
ekisreba, radgan aseTi donis marTvis sistemebSi ar xerxdeba analitikuri gadawyveta da 
Sesabamisad dispetCerizaciis problemebi ZiriTadad momsaxure personalis gamocdilebis 
xarjze wydeba, rac bunebrivia xSirad Sors aris optimalurisagan.  

qalaqis wyalmomaragebis sistemaSi wydeba amocanaTa kompleqsi daproeqtebis, 
dagegmvis, prognozirebis, kontrolisa da marTvis TvalsazrisiT. mocemuli naSromi ar 
isaxavs miznad mTeli kompleqsis gadawyvetas, aramed ifargleba mxolod wyliT 
uzrunvelyofis procesis operatiuli marTviT, romlis mizani ZiriTadad qselis 
mravalricxovan ganStoebebSi wylis nakadebis optimalur ganawilebaSi mdgomareobs, 
muSaobis rogorc normalur, ise avariul reJimebSi. 

unda aRiniSnos, rom wyliT uzrunvelyofis procesis operatiuli marTva 
warmoadgens didi ganzomilebis, mravalkriteriumian da agreTve mravalparametrul 
amocanas, romelic efuZneba masSi mimdinare sxvadasxva procesis modelirebas. zogadad, 
sistemis marTvis xarisxi ganisazRvreba obieqtis modeluri uzrunvelyofis 
adeqvaturobiT. 

 amdenad, didi mniSvneloba eniWeba qalaqis wyalmomaragebis sistemis komponentebis 
funqcionirebis xarisxisa da dispetCerizaciis strategiebis modelebis agebas. statiaSi 
ganxiluli sistema ar warmoadgens kerZo SemTxvevas anu ar aris orientirebuli erTi 
romelime qalaqis hidrologiur specifikaze, aramed atarebs ganzogadoebul xasiaTs, ris 
gamoc modelebSi gaTvaliswinebul unda iqnas yvela SesaZlo varianti.  

zogadad, qalaqis wyalmomaragebis sistema SeiZleba warmovidginoT qseluri grafis 
saxiT, sadac wiboebi asaxaven qalaqis calkeul raionebs (an ubnebs), romlebic 
warmoadgenen sistemis momxmareblebs. qselis struqturaSi CarTulia agreTve 
rezervuarebi, satumbo sadgurebi, qalaqSi Semomavali hidromagistralebi, adgilobrivi 
hidroresursebi (arteziuli WaburRilebi), sarqvelebi da sxva komponentebi, romelTa 
urTierTSeTanxmebul muSaobaze aris damyarebuli momxmarebelTa wyliT uzrunvelyofa.  

qselSi wyalmomaragebis marTvis strategia Seicavs satumbo sadgurebis, sarqvelTa 
sistemis, rezervuarebis, agreTve adgilobrivi hidroresursebis marTvis operaciebs. 
amdenad, mizanSewonilia maTi funqcionirebis modelebis gancalkevebulad ganxilva, 
Tumca yvela modeli erTian sistemaSi moiazreba. 

 nakadebis ganawilebis modeli.  
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qseluri obieqti aRiwereba G=(X,U) grafis saxiT, sadac X kvanZebis simravlea, xolo 

U – rkalebis simravle. yoveli Uu ∈  rkali xasiaTdeba Cu ≥ 0 gamtarunarianobiTa da 
agreTve misdami daqvemdebarebuli xis ganStoebaTa jamuri  pu  datvirTviT. ganvixiloT 

nakadebis marTvis ori strategia [2]: 
I.  rodesac nakadebis ganawilebis optimizaciis amocana mdgomareobs Semdegi 

miznobrivi funqciis SesrulebaSi: 
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SezRudva (2) warmoadgens kirxhofis pirvel kanons, romlis Tanaxmad G grafis yvela  

Xi∈ kvanZSi Semavali da gamomavali nakadebi toli unda iyos.  

II. rodesac nakadebis ganawilebis optimizaciis amocana mdgomareobs zemoT 
xsenebuli SezRudvebis pirobebSi ekonomikuri Sinaarsis miznobrivi funqciis 
SesrulebaSi: 
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sadac:  )(tEu  _ mocemul rkalSi nakadis energetikuli danaxarjebis funqciaa: 

                    21)( bhbltE uuu ⋅∆+⋅=          (5) 

        ul  _  mocemuli rkalis sigrZe; 

       uh∆ _ mocemuli rkalisaTvis saTave da bolo kvanZebis simaRleTa  sxvaoba; 

        1b _nakadis grZivi miwodebis erTeulovani energetikuli danaxarjebi; 

        2b _ nakadis maRlivi miwodebis erTeulovani energetikuli danaxarjebi.                                   

qselis hidravlikuri modeli.  
Tu qalaqis wyalmomaragebis sistemas gaaCnia adgilobrivi hidroresursebis N wyaro 

(WaburRilebis saxiT), n = 1, 2..., N . yovel wyaros gaaCnia sadReRamiso anu 24-saaTiani 
mowodebis moculoba. avRniSnoT isini rogorc xi(t) (i = 1, 2, ..., N, t = 1, 2, ..., 24), sadac i – wyaros 
nomeria, xolo t –dro (saaTi). sadReRamiso jamuri miwodeba iqneba: 
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imis mixedviT, Tu rogor funqcionirebs  i wyaro, mowodebis moculoba iRebs Semdeg 
mniSvnelobebs:   

0)( =tx i an  maxmin )( iii xtxx ≤≤  
Sesabamisad, mowodebis moculoba SeiZleba Caiweros Semdegi veqtoris saxiT: 

T
NNiii xxxxxxxxx )]24(,),1(),24(,),2(),1(,),24(,),2(),1([ 111 KKKKK=  

wyalmomaragebis sistemis marTvis strategia mdgomareobs imaSi, rom ganisazRvros 
wyaroebis mier wyliT uzrunvelyofa, romelic daakmayofilebs TiToeul kvanZSi wnevebis 
moTxovnilebasa da wylis donis SezRudvebs TiToeul rezervuarSi. ganvixiloT marTvis 
mizani, romelmac M  raodenobis kvanZis SemTxvevaSi unda daakmayofilos wnevis minimaluri 
da maqsimaluri SezRudvebi: 

24,,2,1,,,2,1)( maxmin KK ==≤≤ tMiptpp i  

sadac:  )(tPi   - wylis wneva i kvanZSi  t saaTze. 

meore aseTi mizani mdgomareobs imaSi, rom wylis done T rezervuarebSi unda 
akmayofilebdes Semdeg moTxovnebs: 

24,,2,1;,,2,1)( maxmin KK ==≤≤ tTjLtLL jjj  

sadac:  )(tL j   - wylis done j rezervuarSi t saaTze. 

zemoxsenebul or mizanTan erTad, sawyisi (t=0) done rezervuarSi SezRudulia doniT 
dRis bolosaTvis (t=24) : 
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                        TjLL jj ,,2,1)0()24( K==  

)(tPi  da )(tL j  aris )(txi  amonaxsnis cvladebis funqciebi, romlebic miiRebian 

wylis ganawilebis sistemis hidravlikuri modelirebiT, magram qselis sirTulis gamo 

)(tPi  da )(tL j  funqciebis saxiT warmodgena SeuZlebelia. amgvarad, zemoT moyvanili 

SezRudvebi uSualod hidravlikuri modelirebis gziT ararealuria.  
modeli `jarimebis” funqciis gamoyenebiT.  
mdgomareobis gamartivebis mizniT, SemovitanoT obieqturi funqcia SezRudvaTa 

darRvevaze jarimebis saxiT. Tu t droSi i kvanZis wneva )(tPi  akmayofilebs (4) gantolebas, 

maSin `jarima” 
j
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amdenad, `jarima” i kvanZisaTvis mTeli dRe-Ramis ganmavlobaSi iqneba: 
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sadac: Ta  aris rezervuarisaTvis jarimis faqtori wylis donis  moTxovnis 

darRvevisaTvis. 

amdenad, `jarima” 
mj  rezervuarisaTvis mTeli dRe-Ramis ganmavlobaSi iqneba: 
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 Tu 
mj  rezervuaris wylis done t=24 droisaTvis toli iqneba t=0  droisaTvis wylis 

donisa, maSin (6) gantoleba dakmayofilebulia. winaaRmdeg SemTxvevaSi, jarimis funqcia 
ganisazRvreba rogorc: 
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sadac: TIa  aris jarimis faqtori (6) gantolebis darRvevisaTvis. 

optimizaciis problemis obieqturi funqcia ganisazRvreba jarimis sruli funqciis 

saxiT:          )(
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 sistemis optimaluri marTvis strategia C=f(X) obieqturi funqciis saxiT SeiZleba 
Camoyalibdes Semdegnairad: 

       

24,,2,1;,,2,1)(0)(

,,2,1)(

)}({

maxmin

24

1

KK

K

==≤≤=

==∑
=

tNixtxxortx

Nibtx

XfMin

iiii

t
ii  

  ekonomikuri kriteriumi.  
rogorc yoveli marTvis procesi, wyalmomaragebis sistemis marTvis strategiac 

ganisazRvreba ekonomikuri kriteriumiT, rac danaxarjebis minimizaciaSi mdgomareobs. 
qselis operatiuli marTva, romlis mizani ZiriTadad qselis mravalricxovan 
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ganStoebebSi wylis nakadebis ganawilebiT miiRweva, ZiriTadad satumbo sadgurebisa da 
sarqvelTa sistemis meSveobiT xorcieldeba.  

sarqvelebis sistema moqnilad gansazRvravs lokaluri qselebis konfiguraciasa da 
agreTve nakadebis parametrebs qselis ganStoebebSi. Tavis mxriv, satumbo sadgurebi 
aviTareben garkveul wnevebs qselSi nakadebis saWiro mniSvnelobebis uzrunvelyofisa da 
rezervuarebis SevsebisaTvis, rac eleqtroenergiisa da Sesabamisad materialur 
danaxarjebTan aris dakavSirebuli.  

amdenad, ekonomikuri kriteriumi ZiriTadad satumbo sadgurebis ekonomiuri muSaobiT 
aris ganpirobebuli: 
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aRniSnuli kriteriumisaTvis mocemulia SezRudvebis Semdegi sistema: 

           tjjjj PtPP ∀∀≤≤ ,)( maxmin  
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final
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sadac: N – kompresorebis raodenobaa;  T _ marTvis drois monakveTi: 

            )(tCn _ n-uri kompresorisaTvis energiis erTeulis Rirebuleba  t droSi; 
            )(tEn  _ energiis moxmareba t, t+1 drois monakveTSi; 

            bp
nE max  _ n-uri kompresorisaTvis bp saangariSo periodi; 

            NBPn  _  n – uri kompresorisaTvis  bp-is mniSvneloba; 
            P    _ wneva;  V   _ nakadis mniSvneloba;  TL  _ rezervuarSi wylis done; 
            TV  _ rezervuarSi wylis raodenoba; 

            kSW  _ satumbo sadgurSi CarTuli kompresorebis raodenoba.  
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Джанелидзе Г.Н. 

Математические модели водоснабжения города 
Резюмe 

В статье рассмотриваются математические модели системы водоснабжения города. Обьект управления 
характеризуется большой размерностью топологии сети, технологической сложностью, а также большой  
инерционностью. Наличием аварийных ситуации усложняется функционирование системы, что требует 
повышение оперативности управления. Нормативные значения компонентов сети заданы. Динамика суточной 
потребности обусловливает создания автоматизированной системы управления водоснабжением города, что 
является многокритеряльной, а также многопараметрической задачей, основанной на процессов 
моделирования. В статье представлены множество моделей, которые формируют модельное обеспечение 
системы управления. 

 
G. Janelidze 

MATHEMATICAL MODELS OF TOWN WATER SUPPLY 
Summary 

Mathematical models of water supply of the town are presented. Control object is characterized with great size of mains 
topology, technological complicity and also with quite high time lag. System functioning is complicated with frequent 
emergency situations, their elimination requiring  effectiveness of control. Standard values of hydromains, reservoirs, 
pump-houses, pipe-lines, valves, manometers and other components are given a priori. The dynamics of 24 hour 
demand makes necessary the effective control of town water supply process that represents the great size, multicriterial 
and multiparameter problem based on modeling of different processes proceeding in the system. With the view of 
control, all systems developed in the work are the common model supply of the system. 
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