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mSeneblobasa da arqiteqturaSi

qalaqis kompleqsuri ganviTarebis sistemuri analizi 

da modelirebis amocanebi

 sulxan xuciSvili 
  levan xuciSvili

reziume

naSromSi warmodgenilia qalaqis TviTmmarT-
velobis organoebis, kompleqsuri saqmiano-
bis ZiriTadi mimarTulebebi. aqcenti keTdeba 
socialur-ekonomikuri ganviTarebis, rogorc 
mTliani sistemis Semadgeneli  qvesistemis 
problemebze. aseve maT funqciebze da maxasi-
aTeblebze, romlebic gaTvaliswinebuli unda 
iyos socialur-ekonomikuri qvesistemebis da 
maTi saqmianobis analizis da modelirebis pro-
cesSi.

qalaqis socialur-ekonomikuri modelebis 
meTodologiur safuZvels warmoadgens siste-
muri analizi, xolo modelirebis meTodis rang-
Si SemoTava-zebulia sistemuri dinamikis meTo-
di. ganxiluli dinamikuri sistemebis analizisa 
da modelirebisTvis SesaZlebelia programuli 
paketis VENSIM gamoyeneba, aRwerilia paketis 
ZiriTadi maxasiaTeblebi da SesaZleblobebi.

sakvanZo sityvebi: qalaqi; sistemuri dinami-
ka; sistemuri midgoma; done; nakadi; tempi. sis-
temuri diagrama.

Summary

Article describes main directions of city self-gov-
ernment body’s activities and focuses on sub-systems of 
socio-economic development, underlines its functions and 
features, which must be considered while analyzing and 
modeling socio-economic sub-systems and their activities.

Methodological basis for the city’s socio-economic 
models is system analysis, and in the frames of modeling 
method is offered systemic dynamics method. Article ex-
amines possibilities of using software package VENSIM 
for analyzing and modeling dynamic systems and describes 
important features and potential of software. 

Keywords: city; systemic dynamics; systemic method; 
level; stream; rate

Sesavali

qalaqis ganviTarebis problemebs mTel 
msoflioSi didi yuradReba eTmoba. saqmi-
anobaSi CarTuli arian ara marto qalaqis mer-
ebi da municipalitetebis TanamSromlebi, ara-
med politikuri da sameurneo xelmZRvanelebi, 
filosofosebi da sociologebi, ekonomistebi 
da maTematikosebi, sxvadasxva specialobis 
mecnierebi, xelovnebis muSakebi. urbanizacia 
ar aris mxolod “moduli” an obieqti samecni-
ero kvlevebSi, an ubralod gansjis Sedegi. is 
aris saukunis erT-erTi problema, kacobriobis 
problema. es aris erT-erTi im cxovrebiseuli 
problemidan, romlis gadawyvetaSic rogorc 
wesi yvela kompetenturad Tvlis Tavs, Tumca 
samwuxarod es ase ar aris. ar aris aucilebeli 
iyo specialisti, rom gaigo aseTi problemis 
mniSvneloba, magram araa sakmarisi iyo mxolod 
specialisti, rom magvari problemebi gadawy-
vito [1].

dRevandeli qalaqis ekonomika moiTxovs 
saqmianobis sxvadasxva sferoebis ganviTarebis 
efeqturi scenarebis Ziebas.  qalaqis marTvis 
mravalgegmiuri amocanebi, strategiuli dageg-
mvis vertikali, gulisxmobs kompiuteruli in-
tegraluri kvleviTi freimis Seqmnas, axali 
paradigmebis da modelirebis Tanamedrove te-
qnologiebis safuZvelze. aseve imitaciuri mod-
elebis  realizacias qalaqis socialur-ekono-
mikuri ganviTarebis, biujetis, sabinao fondis, 
socialuri sferos, bunebrivi resursebis da 
gansxvavebuli saxis proeqtebis marTvaSi gad-
awyvetilebis miTebis mxardasaWerad.

Tanamedrove arastacionalur ekonomikur 
pirobebSi, prognozirebis da maTematikuri 
modelirebis tradiciuli meTodebis gamoyen-
eba ar aris efqturi. amis mizezia zegavlenis 
faqtorebis didi raodenoba da maT Soris ur-
TierTkavSirebis sirTule, garemos moulodne-
li cvlilebebis SesaZlebloba, struqturuli 
cvlilebebi, axali ekonomikuri pirobebi da 
a.S.. ganusazRvrelobebi garemoSi da misi di-
namika aucilebels xdis, moviZioT kvlevis da 
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gadawyvetilebebis miRebis axali meTodebi, 
socialur-ekonomikuri sistemebis imitaciuri 
modelebis safuZvlebze. isini saSualebas iZle-
vian ganvaxorcieloT problemuri situaciebis 
konceptualizacia da detalurad aRvweroT 
modelirebadi procesebi, sistemuri analizis 
gamoyenebiT. [2].

qalaqis ganviTarebis ZiriTadi mimarTule-
bebi da maxasiaTeblebi.

Tanamedrove pirobebSi qalaqis socialur-
ekonomikuri ganviTareba warmoadgens munici-
paluri marTvis mniSvnelovan strategiul 
Semadgenels, administraciul-samarTlebriv 
regulirebasTan da sabiujeto (finansuri da 
sainvesticio) politikasTan erTad. socialur-
ekonomikuri strategiis damuSaveba, praqtikaSi 
ukavSirdeba qalaqis ganviTarebis moklevadiani 
da grZelvadiani gegmebis Sedgenas. gamomuSave-
buli strategia didwilad gansazRvravs adg-
ilobrivi TviTmarTvelobis organoebis saqmi-
anobis ZiriTad mimarTulebebs [1], kerZod:

-	 socialur-ekonomikuri ganviTarebis 
marTva;

-	 biujetis da mewarmeobis marTva;
-	 migraciuli procesebus marTva;
-	 qonebis da miwaTsargeblobis marTva;
-	 sagareo ekonomikuri urTierTobebis 

marTva;
-	 garemos dacva da a.S.
TiToeuli es mimarTuleba TviTon warmoad-

gens garkveuli struqturis sistemas Tavisi 
qvesistemebiT da misTvis damaxasiaTebeli fun-
qciebiT.

magaliTad gamosakvlev socialur-ekonomi-
kur sistemas gaaCnia rTuli Sida struqtura, 
romelic SeiZleba davyoT Semdeg qvesistemebad: 
mosaxloeba, warmoeba, arawarmoebadi sfero, 
ekologia. teritoriuli ganviTareba, finance-
bi, sagareo ekonomikuri sfero. qalaqi xasiaT-
deba marTvis ierarqiulobiT da misi calkeuli 
qvesistemebis aqtiurobiT, elementebis urTi-
erTqmedebiT, romelic iTvaliswinebs garemo 
faqtorebis  zemoqmedebas Sida struqturaze. 
aRniSnuli sistemis Sesabamisi qvesistemebis 
ZiriTad funqciebs warmoadgens qalaqis kom-
pleqsuri ganviTarebis prognozireba da ana-
lizi, ganviTarebis mimdinare gegmis formireba, 
socialur-ekonomikuri ganviTarebis marTva da 
marTvis organoebisTvis rekomendaciebis mice-
ma.

socialur-ekonomikuri ganviTarebis stra
tegiis damuSaveba, marTvis municipalur doneze 
gadawyvetilebebis miReba, gulisxmobs sainfor-
macio analitikur mxardaWeras – e.i. gadawy-
vetilebebis miRebis informaciul sistemebis 
Seqmnas, romlis ZiriTad Semadgenels warmoad-
gens qalaqis sistemis (Qqvesistemebis) sistemuri 

modelireba. qalaqis socialur-ekonomikuri 
qvesistemebis analizis da modelirebis proces-
Si gadvaliswinebuli unda iyos Semdegi ZiriTa-
di maxasiaTeblebi  [2]:

1. qalaqi ganixileba rogorc rTuli, cudad 
struqturirebuli sistema, romlis kvlevis me-
Todologiasac warmoadgens sistemuri anali-
zi. yvela Sesabamisi SedegiT. magaliTad: didi 
raodenoba urTierT-dakavSirebuli mizez-Sede-
gobrivi kavSirebis arseboba sistemis maxasi-aT-
ebel faqtorebs Soris, romelTa qmedebebis Se-
degebi xSirad cxadi ar aris gadawyvetilebebis 
miRebis dros.

2. qalaqi aris socialuri sistema. amitom 
gadawyvetilebebis miRebis dros aucilebelia 
sazogadoebis grZelvadiani interesebis gaTva-
lis-wineba. qalaqis ganviTareba mowodebulia 
pirvel rigSi uzrunvelyos adamianis sicocx-
lis dacva da momavali Taobis arseboba.

3. qalaqi dinamikuri sistemaa. aucilebelia 
qalaqis sistemis dinamikis Seswavla da kvleva, 
qalaqis da misi Semadgenlebis zogadi sasico-
cxlo ciklis bazaze.

4. qalaqi aris TviTregulirebadi (TviTmarT-
vadi) sistema. normaluri ganviTarebis pirobebs 
warmoadgens sistemaSi ekonomikuri wonasworo-
bis da resursebis balansis SenarCuneba.

5. qalaqis marTvis procesSi xSiria kon-
fliqtebi dagegmvis grZelvadian miznebs da 
moklevadian gadawyvetilebebs Soris. cxovrebis 
kargi, mokleva-diani pirobebi, SeiZleba gaxdes 
Cavardnis mizezi grZelvadian periodSi.

6. qalaqi aris mizanmimarTuli da 
mravalmizniani sistema, romelsac aqvs araerT-
gvarovani Sida da gare miznebi, calkeuli qve-
sistemebisTvis damoukidebeli qvemiznebi, miz-
nebis Sefasebis maCvenebelTa sistema, maTi miRw-
evis mravalgvari strategia da a.S. ganviTarebis 
ama Tu im variantis arCevisas gviwevs iseTi Se-
Tanxmebuli gadawyvetilebebis formireba, rom-
lebic iZlevian kompromisebis saSualebas, qala-
qis da saxelmwifos miznebs Soris erTi mxriv 
da calkeuli sawarmos da sameurneo subieqtebs 
Soris meore mxriv.

7. qalaqi rTuli da arawrfivi sistemaa
qalaqis socialur-ekonomikuri modelebis 

meTodologiur safuZvels warmoadgens siste-
muri analizi, romlis centraluri procedurac 
aris ganzogadebuli (erTiani) modelis ageba. 
aseTi modeli unda asaxavdes realuri sistemis 
mniSvnelovan faqtorebs da urTierTkavSirebs. 
praqtikaSi es niSnavs modelebis kompleqsis Se-
qmnas. ganviTrebuli dinamikuri da informaci-
uli kavSirebiT, yvela donis modelebs Soris.

qalaqis ganviTarebis kvlevis 
dinamikuri modeli.

qalaqis socialur-ekonomikuri ganviTarebis 
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amocanebSi sistemis warmom-qmneli meTodebis 
rangSi ZiriTadad ganixileba imitaciuri mod-
elirebis meTodebi [3].

unda aRiniSnos, rom qalaqis ekonomika war-
moadgens, rTul arawrfiv dinamikur sistemas, 
didi raodenoba urTierTkavSirebiT da urTi-
erT-qmedebe-biT. qalaqis marTvis sistemis efeq-
turi funqcionirebisTvis, moiTxoveba gadawy-
vetilebebis miReba, misi Sedegebis gakontrole-
ba, grZelvadiani programebis da antikrizisuli 
scenarebis damuSaveba, garemos zemoqmedebis 
gaTvaliswineba, qalaqis ganviTarebis ZiriTadi 
proeqtebis masStaburi scenarebis dasabuTeba. 
imitaciuri modelebi warmoadgens aseTi sirTu-
lis da zomebis amocanebis gadawyvetis erTad-
erT saSualebas [1,3].

qalaqis socialur-ekonomikuri ganviTarebis 
ganzogadebuli imitaciuri modelis Sesaqmne-
lad gamoiyeneba sistemuri dinamikis modelebi 
da meTodebi [3,4]. sistemuri dinamikis koncef-
cia saSualebas iZleva movaxdinoT dinamikuri 
procesebis modelireba agregirebis maRal don-
eze. mis safuZvelSi Cadebulia dinamikuri pro-
cesebis warmodgena garkveuli nakadebis (fula-
di, adamianuri, produqciis, resursebis da a.S.) 
erTobliobis saxiT.

sistemuri dinamikis modelebis zogad sqemaSi 
gamoyofen or ZiriTad nawils: nakadebis qseli 
da informaciuli qseli. qalaqis ganviTarebis 
modelebi ki warmoadgenen nakaduri tipis mod-
elebs, resursebi (SromiTi, finansuri, bunebri-
vi da a. S. ) ixarjeba – xdeba resursebis Sevs-
eba. maTi aRwera SeiZleba rogorc erTgvaro-
vani nakadebis qseli. socialur-ekonomikuri 
mdgomareoba aRiwereba “fazuri” cvladebiT 
(sxvadasxva kategoriis mosaxleobis raodenoba, 
sawarmoo fondebi, finansuri resursebi da a. S. 
). maT uwodeben – doneebs, rezervuarebs. zemo-
qmedeba garedan da mmarTveli gadawyvetileba 
gansazRvravs modelirebadi sistemis dinamikas 
(resursebis miwodebis da xarjvis siswrafe). 
isini warmoadgenen nakadebis temps. mTavari do-
neebi, nakadebis tempebis da informaciuli qse-
lis (Sesabamisi ukukavSirebiT) swori eqspertu-
li arCevani ganapirobebs modelirebis efeqtur 
Sedegebs [3,4]. Sedegebze mniSvnelovan gavlenas 
axdens, informaciuli “Seferxebebis” da gare-
modan gamaZlierebeli (pozitiuri) faqtorebis 
arseboba.

eqspertuli monacemebis damuSavebis safuZv-
elze, xdeba im faqtorebis da maT Soris mizez-
Sedegobrivi kavSirebis gamovlena, romlebic 
moqmedeben gansaxilvel sistemaze. modelirebis 
Tanamedrove sistemebis (think, VENSIM,DYNAMO  
da sxva) saSualebiT xdeba modelis formireba 
sistemuri diagramebis doneze. aseTi nakaduri 
diagramebi warmoadgens eqpsertebis codnis 

struqturirebul formas. gadawyvetilebis 
miRebis blokebSi am informaciis safuZvelze 
xdeba sxvadasxva saxis mmarTveli zemoqmedeba. 
ZiriTad miznobriv amocanas warmoadgens siste-
maSi resursebis gamoyenebis balansis dadgena.

sistemuri dinamikis modelebSi gamoiyeneba 
balansis tipis diferencialuri gantolebe-
bi. isini TanadobaSi unda movides logistikis 
principebTan da meTodebTan, romlebic gansaz-
Rvravs rTul sistemebSi nakadebis optimiza-
cias, marTvas, integracias.

sistemuri dinamikis meTodi gulisxmobs, rom 
ZiriTadi fazuri cvladebisTvis (e.w. sistemuri 
doneebi) iwereba erTi da igive tipis diferen-
cialuri gantolebebi

 
sadac    -  aris cvladis siCqaris dadebiTi tem-
pi. is moicavs yvela faqtors romelic iwvevs  
cvladis zrdas;

-  siCqaris uaryofiTi tempia da moicavs yve-
la faqtors romelic iwvevs  cvladis klebas 
(Semcirebas).

igulisxmeba rom es tempebi ixliCeba funqciebis 
namravlad, romelic damokidebulia mxolod 
faqtorebze (ZiriTadi cvladebis kombinacia) 
anu Tavis wilad, TviTon warmoadgenen siste-
muri doneebis funqciebs, 

n – doneebis ricxvia.  es niSnavs, rom 
faqtorebi naklebia ZiriTad cvladebze da yo-
veli faqtori damokidebulia ara yvela sis-
temur doneze, aramed maT raRac nawilze. es 
saSualebas iZleva gavamartivoT modelirebis 
amocana.

dinamikuri sistemis analizis da modelirebis 
programuli uzrun-velyofa

nakadur diagramebSi mizez-Sedegobrivi kav-
Sirebis analizisTvis da dinamikuri sistemebis 
modelirebisTvis gamoiyeneba programuli pa-
keti  VENSIM. is SedarebiT martivia asaTvise-
blad da sakmaod efeqturia; is aseve Seicavs 
mosaxerxebeli instrumentebis nakrebs model-
ebis asagebad; aqvs bevri CaSenebuli funqcia, 
logikuri operatorebis CaTvliT; SemTxveviTi 
ricxvebis generatorebi, uwveti da diskretuli 
Semkaveblebi, funqciebi samecniero kvelvebisT-
vis.

paketSi gaTvaliswinebulia monacemebis 
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uzarmazari erTobliobis (nakrebis) Senaxvis 
SesaZlebloba da sawyisi (Semavali) cvladebis 
cvlilebis SesaZlebloba modelirebis daw-
yebis dros. SeiZleba SevqmnaT gare monacemebi 
teqstur redaqtorebSi, an movaxdinoT farTo 
masStabiT cxrilebis da monacemTa bazebis 
mniSvnelobebis importireba (eqsportireba). am 
paketiT SesaZlebelia: mizez-Sedegobrivi dia-
gramebis ageba; xis magvari damokidebulebis 
ageba; modelis Sesaxeb dokumentaciis Seqmna; 
urTierTkavSirebis ciklebis gamovlena; ga-
mosaxulebis redaqtireba; CaSenebuli fun-
qciebis gamoyeneba; zomis erTeulebis Semowmeba, 
pirobebis transireba; diagramis Semowmeba; eqs-
perimentis Catarebis SesaZlebloba; grafikebis 
ageba, romelic saSualebas gvaZlevs ganvsazRv-
roT cvladi parametrebis mgrZnobiaroba; cxri-
luri angariSebis generacia; eqsperimentis Se-
darebis SesaZlebloba.

daskvna

rogorc wesi qalaqis tipis sistemebis kvlev-
ebi mizanSewonolia daviwyoT sistemis analiziT. 
sistemurad, mTlianobaSi SevxedoT dinamikuri 
problemebis mTlian kompleqss. Tumca sawyis 
etapze kvlevebi unda Semoifar-glos principu-
li sqemis da misi mniSvnelovani gamovlinebebis 
SeswavliT. sxvanairad naklebad mniSvnelovanma 
momentebma (detalebma) SeiZleba gadafa-ros is 
mTavari Sedegebi, romelic SeiZleba miRebuli 
iqnas sistemuri analizis Sedegad. sistemis saz-
Rvrebis gafarToveba, misi garTuleba axali 
Sida maxasiaTeblebis damatebiT SesaZlebelia 
moxdes TandaTan, mas Semdeg, roca SevZlebT Se-
darebiT rTul situaciebSi orientirebas.
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